Radiation exposure assessment

Dr. Choonsik Lee

Dosimetry Unit Head, Senior Investigator
Radiation Epidemiology Branch

Division of Cancer Epidemiology and Genetics
National Cancer Institute
leechoonsik@mail.nih.gov

DCEG Radiation Epidemiology and Dosimetry Course 2019

m> NATIONAL CANCER INSTITUTE www.dceg.cancer.gov/RadEpiCourse



Objectives

To understand:

« The challenges in dosimetry for epidemiological studies;

* Input data for dosimetry in epidemiological studies;

« Different approaches for dosimetry;

* The methods to quantify dosimetric uncertainty.
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Background
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Exposure assessment for epidemiological studies

= A fundamental foundation of high quality epidemiologic studies
is accurate exposure assessment.

= Background physics, methods and techniques for radiation
exposure assessment have been developed relatively robust
compared to other exposure types.
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Types of radiation exposure (1)
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Medical
Exposure

Occupational
Exposure

Environmental
Exposure



Types of radiation exposure (2)

Medical
Exposure

Occupational
Exposure

Patients receiving FGIP*

Physicians performing FGIP

Environmental
Exposure

*FGIP: Fluoroscopically-guided
interventional procedures
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Types of radiation exposure (3)

Medical
Exposure

Occupational
Exposure

Radiation technologist receiving
chest x-ray as a patient

Radiation technolggists working
or nuclear medicine patients

Environmental
Exposure

*FGIP: Fluoroscopically-guided
interventional procedures
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Types of radiation exposure (4)
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Medical
Exposure

Occupational
Exposure
Chernobyl clean-up workers

Environmental
Exposure

Populations who lived in Chernobyl region



Types of radiation exposure (5)

Medical
Exposure

Occupational

Atomic bomb survivors receiving Exposure

radiological exams

Environmental
Exposure

iroshima/Nagasa
exposed to the a

i population

omic bomb
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Types of radiation exposure (6)
Medical/occupational exposure

= Planned and controlled

= Relatively well documented
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Environmental exposure
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Dosimetric quantities™

Kinetic energy deposited in matter

Organ W .

E |

Absorbed R Equivalent
Radiation Dose (Sv)
Dose (Gy) Weighting
Factor

Hy = ZWRDT,R

Kerma (Gy)

Kinetic energy released in matter

* |CRP Publication 103 (2007)
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Wy Effective
Tissue Dose (SV)
Weighting
Factor
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Radiation weighting factor*

WR =
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Organ

Absorbed Wg Equivalent
Dose (Gy) Radiation Dose (Sv)
Weighting
Factor

Table 2. Recommended radiation weighting factors.

Radiation type

Radiation weighting
factor, wp

Photons

Electrons® and muons
Protons and charged pions
Alpha particles, fission frag-
ments, heavy ions

Neutrons

[ O

A continuous function
of neutron energy
(see Fig. 1 and Eq. 4.3)

2.5+ 18.2 ¢ m(E)F/6,
5.0+ 17.0 ¢~ ME/6.

2.5 + 3,25 (J_[]“(U[MEH)]ZIG-

* ICRP Publication 103 (2007)

E, <1 MeV
I MeV < E, < 50 MeV
E, > 50 MeV

Wr

Tissue
Weighting
Factor

Effective
Dose (Sv)
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Tissue weighting factor*
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Organ W
Absorbed —R>

Dose (Gy) Rac_liatif)n
Weighting

Factor

Table 3. Recommended tissue weighting factors.

Equivalent
Dose (Sv)

Tissue W

S wr

Bone-marrow (red), Colon, Lung, Stomach, 0.12
Breast, Remainder tissues”

Gonads 0.08

Bladder, Oesophagus, Liver, Thyroid 0.04

Bone surface, Brain, Salivary glands, Skin 0.01
Total

0.72

0.08
0.16
0.04

1.00

* Remainder tissues: Adrenals, Extrathoracic (ET) region,
Gall bladder, Heart, Kidneys, Lymphatic nodes, Muscle, Oral
mucosa, Pancreas, Prostate (), Small intestine, Spleen, Thy-

mus, Uterus/cervix ().

* ICRP Publication 103 (2007)

Wr

Tissue
Weighting
Factor

Effective
Dose (Sv)
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Dosimetric quantities™

Individualized Wr Equivalent
organ dose Jradiation Dose (Sv)
eighting
Factor
H; = ZWRDT,R
R

Kerma (Gy)

Kinetic energy released in matter

* ICRP Publication 103 (2007)
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Wy Effective
Tissue  Dose (SV)
Weighting
Factor
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Challenges in dosimetry for epidemiological studies (1)
Example #1: CT dose reconstruction

“Reconstruct organ dose for 180,000 pediatric and young adults who underwent CT
scans in the United Kingdom 1985 — 2002*”

*Pearce et al. Lancet (2012)

m) NATIONAL CANCER INSTITUTE
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Challenges in dosimetry for epidemiological studies (2)
Example #2: Radiotherapy dose reconstruction®

1970 1990
?‘: Radiation treatment record ’;j Pathology report
3 i ' / D | |
y . i 1 2 B ' ”\
42 | G /Ao
2 L R
17 ‘% N
\ n VA L
3

A patient was treated for The patient was diagnosed
Hodgkin Lymphoma (HL) with Breast Cancer
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Challenges in dosimetry for epidemiological studies (3)
Example #2: Radiotherapy dose reconstruction®

1970 1990
:T Radiation treatment record .‘E‘ ' Pathology report
.. A il 4 f- ) [ 4 N

A patient was treated for The patient was diagnosed
Hodgkin Lymphoma (HL) with Breast Cancer

m) NATIONAL CANCER INSTITUTE 18



Challenges in dosimetry for epidemiological studies (4)

" Individualized organ dose required
= Large size cohorts
" Limited input for dose reconstruction

= Uncertainty needs to be quantified

m) NATIONAL CANCER INSTITUTE
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Input
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Data used for exposure assessment - Environmental

" Environmental radiation exposure

= Measurements (direct or indirect)
= Records on weather, building maps, working environment

= Questionnaire: residential history, dietary, housing style, protection
measures, etc.

m) NATIONAL CANCER INSTITUTE
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Exposure Modeling for Chernobyl Accident

3D model of Pripyat-town (left) and building structure (right) close to
the Chernobyl accident site used for dosimetry
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Part of the questionnaire used for the mothers in Belarus/Ukraine cohort

Pazoen I[I.  MoH cilefylomHe BONPOCHI 0 mepHoxe Bpemenn B 1986 roxy mocie YepHoObLIBCKOH aBapuu.
BenomuuTe 0 noTpef/ieHHH MOJIOYHBIX H APYIHX NPOAYKTOR B anpeie-Mae 86 roga.
* 4. A xouy, 9To061 Bel cka3ann mue 0 noTpedJieAHH MOJIOKA BO BCeX MecTax, rjie Bel HaxXonIHCE BO BpeMs H Cpa3y nocjie aBapHH.

(Brecume 6 xoronky «ap nepsoiti wacerennviti nyuxm (HIT) us mabauysi eonpoca #7 oc u sadatime gonpoc Konowxu «by. 3anuwume nassanue kancdozo ucmownuxa na
omdensholi crpore Koaouxku «by u 3adacatime sonpockl u3 Kaxmcood KoAOHKU ORA Kancdozo ucma'mmca MoqoKa, credys uncmpykyusm & mabnuye. Ilocne smozo nepenecume nazeanue
credyiouezo Hil uz gonpoca #7 u noemopume yrazanuyio svitue npoyedypy, noxa ne dopmayio o ecex uc ax mMonoxa eo ecex HI)
Ecau mamb ne nomnum, kozda ona nums uz o ucmounuka, cnpocume “Boiro au amo 8 kouue anpenn (1)7; nauane maz (2)?; cpedune man (3)?; xouue man (4)?";
«whe 3nawy (9)?. Buecume quitl kod 8 koaonky «llepuody.)
# |a. Hacenenmblii nyakt  |b, Kakoe mo- [c. C kakoro d. Haummnas ¢ (dama), kak 9acro Bel [¢. Haunnas ¢ (Dama), ckoasko (ucmoy-  |f. B nepuwoa npo-  |g. Korja But
(Buecume naseanue HI1  |noko Bel nn- |Bpemenn Bui Haua- (mwian (ucmoynuk) mojioxo? Huk) M0JI0KA Bl 06b19HO0 BLINHBAIH 33 B (HIT), "
u3 gonpoca #7 (ocu.); am B (HIT)?  |nm morpeGaaTs aenn? (lloxasxcume Kapmouxy #2) wiMeHHIH 18 Bu  |koamuecTBo
sadaiime sce sonpocet din |BBLIO M ITO |(Hemoynuk) MOTOKO (B nepayio kKoronxy u , |[konmueerso BLI-  |moTpebasmemo-
dozo HIl, npexcde,  |(np ace | (HII)? 60 GMOPYVIO — eOUHUYbI UIMED maxue, 0 (ucmo- |ro (wemounux)
uem nepetimu k HEHOUHUKI WU Qapyyyme damy, pble YKA3An pecnondenm) uHuk) MonoKa? Moaoka?
HOE [ FARUME
caedyiouemy) g omdenmimy | KO20a cyibexm (Ecau omeem wHemp
cmpoKax kazea- |HAYET RUIMb MOIOKO d”ﬂ’;:ﬁi:;m’z:pﬂ g
e mex, A
e ‘gr, ‘Zm“m ?:ﬂ moojo cmpoKe, cwd)m:::;z
idhan) pocy #5)
Koposee: EnuuuE H3MepeHns Her | He
U3 4ACTHOrO Konu- |(aumpoes(l), cmaxanos(2), 3HAI0
cexmaopa, C  |Mara | Me- |Kawnii| Hee- | Pasw | He3HAO | uectno | kpyowcex(3), kpunox num- | He | (nepe- | (nepe- | guepe. | Jlara | [epuon
Vi marasupa, | P29 PHOQ | JeHB | KOJBKO | Hexemo (wudpa) | possix(4), Ganox numpo- | 4 ;sﬁk c:f:g;; x00 K
Koane, pefint PESB. <) Hpase ebrx(5), Gymoriok moaou- wemy awy'f,
BAHHA HEIe 10 wemy
Cyxoe, o HBIX NOA-AUMPOesiX(6), UCTOU- | yemany-
He nuna, RAKemog MONOYUHBIX ROT- MUY, ey,
HIT | mrp
He 3naio Jumpossix(7)) e #5) | 15
1 10 / 10 20 30 90 90 10 | 20 | 90 /
2 10 / 10 20 34 93 90 |10 | 2Q | 9Q /
3 10 / 10 20 34 93 90 [ 10 |20 | 9Q /
4 10 ! 10 20 30 9Q 90 | 10 | 20 | 9Q /
5 1Q / 10 20 30 9 90 | 10 | 20 | 9Q /
6 10 / 10 20 30 90 90 | 10 | 20 | 9Q /
7 1Q ! 19 20 3Q 93 90 [ 10 [ 20 | 9Q /
8 10 ! =] 20 30 90 o0 | 10 | 20 | 9Q /
9 19 ! 19 20 30 93 90 | 10 | 20 [ 9Q /
10 1Q ! 19 24 34 9 90 | 10 | 20 [ 9Q /
11 10 / 10 20 30 90 90 | 10 | 20 [ 9Q /
12 10 / 10 20 30 90 90 | 10 | 20 [ 9Q /
13 10 / 10 20 30 90 90 | 10 | 20 | 9Q /
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Data used for exposure assessment - Occupational

= Occupational radiation exposure

= Dose monitoring records (e.g., badge dose)

= Questionnaire on work history, time, medical procedures, safety measures
employed

= Literature search: x-ray energy, filtration, machine types

m) NATIONAL CANCER INSTITUTE
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Example page of the questionnaire used for the United States
Radiologic Technologists study: type of procedures

89-15 Therapy

-
20. While employed as a radiologic technologist or 7. Diagnostic 8. Diagnostic 9. Orthovoltage |==
radiologic technician have you ever worked or radioisotopes ultrasound (200-400 kVp) | ==
assisted with any of the following procedures? le.g. 1-131 =
Please mark “'yes'’ or “'no’’ for each procedure. uptakes) -—
For gach “yes' fill in the year you began work Ever used? Ever used? Ever used? -
with that procedure and the length of time in Yes: () No N Vs No Yes C)bio s
years apd months you wu_:rked v'u:‘th the procedure. ) Don't know Bor ik ko ™ Don'i know =
Please include your hospital training program. =
Year Total Year Total Year Total =
\EYOU ARE UNABLE TO PROVIDE THE EXACT began Yaars Mos began Years Mos began Yoars Mos. |
YEAR YOU BEGAN WORK WITH THAT PRO- ‘-’ED ® e O |-
CEDURE, OR THE LENGTH OF TIME, PLEASE Y 2@ @) |-
PROVIDE YOUR BEST ESTIMATE. [ ® DE |-
PO D@ |wm
VDO ® |
1-8 Diagnostic Ololo] © |w-
= -
1. Fluoroscopy 2. Dental X-ray 3. Routine X-ray ?‘:‘1’\8 8 :
other than S =
fluoroscopic 0100 z @ |
film & dental OJOID)] D © |-
®E 0O e @ @6 @O |w-
Ever used? Ever used? Ever used? 10. Cobalt 60 11. Betatron 12. Other X-ray _—
O Yes (O No ) Yes () No O ves O No teletherapy (LINAC) |m=
3 Don’t know Don't know ) Don’t know Ever used? Ever used? Ever used? =
Total Yeoar Total Year Total _\ Yes :,' No Oves ONo _' ves ONa -
Years Mos began Years Mes began Yesrs Mesd () Bon't know O Don't know O) Don't know -
Djl:!:' 18 19 @ Year Total Year Total Year Total =
©eE @@ @] bogan e v Years Moz began  Yean Mos |
Ololo)] olo) D:’@ [D@ =
2@ G| 9@ ©@eO . D 0@ |wm
I @E Y WO DEROIOION [
OJOI0] ® ® 0O @@® @@ QOE |w=--
BIol0, e 9 06O 06 | 00 B |
Blolo) e 0 ©9© CEE | 90 YOO |w
5J010) 3G ® R61615) P00 | 060 O |w
@ @ '@ PO EEE | @G ERE |=-
@ ® o105 P60 | 00 QOO |
B NATIONAL CANCER INSTITUTE Gloto! POR | OO PP |




Example page of the questionnaire used for the United States
Radiologic Technologists study: safety measures

21a. If you wore a dosimetry badge (film badge, TLD,
pocket chamber, etc.) where did you usually wear it?
{Mark only the one that is used mos! often

() Never wore a dosimeter

) Belt loop, waist or side pocket
() Breast pocket
QO Lapel

(O Other (describe below )

PLEASE PRINT —
STAY WITHIN BOX

-

21b. Did you also usually wear a hand or wrist dosimeter?
O Yes ONo

22. When you were first working as a radiologic
tech ist or radiologic technician, did you usually

wear a lead apron or stand behind a protective shield?
QO Yes CiNo

U ARE NOT CURRENTLY WORKING AS A
LOGIC TECHNOLOGIST OR RADIOLOGIC
ECHNICIAN, SKIP TO QUESTION 26.

@ NATIONAL CANCER INSTITUTE
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Data used for exposure assessment - Medical

= Medical radiation exposure

= Patient information system at hospitals (e.g., RIS*)
= Paper medical records
= Electronic medical records (e.g., DICOM-RT)

= Literature search

*RIS: Radiological Information System

m) NATIONAL CANCER INSTITUTE
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Sample screen of a Radiological Information System

Stotus Name 2 | Date-l | TimeSch| Procedue | Relesral | Modality |
| Transcrbed 09162009 9008 MAMMO DIGITAL SCREE "
| Dxtated OW16/2009  7:308 DONE SCAN 78300 M
. Posted 05162009 10:008 CTLUMBAR W & WO CO "
. Posted O916/2009  10:308 MRILUMBAR SPINE 7214 M
| Comgleted 0516/2009 &:30a US THROD 7653% "M
| Traracrbed OWI6/2009  11:00a0 MAMMO DIGITAL SCREE M

Comgletad ON16/2009 9308 MRICERVICAL SPINE 72 M

} Asrived O916/2009  10:308 CT THORACIC WJO CON M
. InProgress O916/2009 8308  DONE DENSITY SPINE HIP [
| Comgleted 05162009  11:308 MRIUPPER EXTREMITY 7 M
Comgleted O916/2009 9008 CHEST - AP AND LATERA |
Oxctated O516/2009 7308 USEREAST 76448 "
Dctated O16/2000  7:00a MAMMO,DIGITAL DIAGN "
Completed OW16/2009 8008 USEBREAST 76445 M
Comgpleted O516/2009  8:308 MAMMO,DIGITAL SCREE "

| Comgpleted OW16/2000  10:008 MRILUMBAR SPINE 7214 M
| Oxtated 0916/2009 7:008 DONE DONSITY PDE WP M
. Posted 09162009  10:008 MAMMO,DIGITAL SCREE q
. InProgess O16/2009 9008 DONE DENSITY PINE HIP M
] Arrived 05{16/2009  10:00a BONE DENSITY SPINE MIP M
| Arived O916/2009  1:30p MR CEVICAL SPINE W)CO "
| Transcrbed ON16/2009 9:30a CT ABDOMEN W/CONTRA Computed M
_ O16/2009  7:308 CTLUMBAR WJO CONTR Comguted M
(]

{

O3 16{2009 7308 MAMMO DIGITAL SCREE MAMMO M
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Sample CT DICOM Dose Report

Patient Name: Exam no: 215
Accession Number: Feb 14 2008
Patient ID: LightSpeed VCT
Exam Description: PRE/POST KIDNEY

Dose Report

Scan Range CTDlvol DLP Phantom
{mm) (mGy) (mMGy-cm) cm

Scout - - - -
Axial 50.000-197.500 94.69 946.93 Head 16
Helical 161.650-1101.650 60.81 37196 Head 16
Cine §12.490-12.510 121.14 242.29 Head 16
Axial 50.000-197.500 94.69 946.93 Head 16

Helical 161.650-1101.650 60.81 37196 Head 16
Cine $12.490-12.510 121.14 242.29 Head 16

Total Exam DLP: 3122.36

Type

1
2
2
2
3

m NATIONAL CANCER INSTITUTE
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cT
CE

CT Images | TR

(10,0, 38.3, 1257.7)

CcT
Body 2.0 Venous/Phase CE
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Example paper medical | e |
records of a radiotherapy | s« ey oy

: starteo_Z-30-7¢ _ Enoen $23-7L
. b =
pat I e nt | Gaenoar oavs A6 no. oF TmTs. 22 _ -
.". w aﬁ:_lzzg '% ZN‘.; Fiewo .i;cg'r“"‘f ' 5'2-2 . DOSAGE !:J-T:
T |8l medict - 17y 7 _/fso _" AR —

|4 L saxd " feas it _
: ior 9 Joas " C Mk .. . X
4, L _aX geas " T T

¢ Diaanaus R T TUMOR DoSE. . .
. | Y000 rsu nj,
pmantle fieiq

FIiLTER |H.V.L.

/8

tJox

- - | REMARKS
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Example DICOM-RT

visualized on a
treatment planning
system

m NATIONAL CANCER INSTITUTE

File Edit View Contour Beam Port Dose Tools

XiD - Release 4.3.3 - FusionProstate(Prostate, Fusion) Temporary Plan: 29

Optimize Reports Help

S A ol s

X TR

DD

Jul 17 2006 08:18 AM Mouse: Pan the window

]

i O L i

Doze Valid
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Dosimetry approaches: external exposure (1)

Source reconstruction Organ dose calculation

m) NATIONAL CANCER INSTITUTE
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Dosimetry approaches: external exposure (2)

Source reconstruction Organ dose calculation

Examples: n

» Radioactivity from ground
contamination in Chernobyl

» Scanner model, tube potential,
filtration in CT scans

Organ dose conversion
coefficients from computer
simulation using
computational human
phantoms

m) NATIONAL CANCER INSTITUTE 35



Dosimetry approaches: external exposure (3)

Source reconstruction Organ dose calculation

/A A\

In some medical dosimetry (e.g., radiotherapy, FGIP patients), both the
source reconstruction and dose calculation are conducted in a computer
simulation or a measurement setup.

m) NATIONAL CANCER INSTITUTE 36



Simulation of IBA Proton Therapy beam line coupled with the
NCI adult male phantom in TOPAS*

*Yeom et al. (in preparation)




Physical phantom to simulate the tonsil irradiation™®

* Stovall et al, Rad Res 2006



Dosimetry approaches: internal exposure (1)

Source reconstruction #1 Source reconstruction #2 Organ dose calculation
(outside the anatomy) (inside the anatomy)

m) NATIONAL CANCER INSTITUTE
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Dosimetry approaches: internal exposure (2)

Source reconstruction #1 Source reconstruction #2 Organ dose calculation

(outside the anatomy) (inside the anatomy)
A @
Examples: Bio-kinetic models to Organ dose conversion
» Ecological analysis for simulate the movement of coefficients from computer
contaminated food radioisotopes within the simulation using
consumption in anatomy computational human
Chernobyl area phantoms

m) NATIONAL CANCER INSTITUTE 40



Dosimetry approaches: internal exposure (3)

Source reconstruction #1 Source reconstruction #2 Organ dose calculation
(outside the anatomy) (inside the anatomy)

A 2 F Af!\

In some environmental dosimetry where the information for the step 1 & 2 are
known (e.g., I-131 inhalation in Chernobyl population and its concentration in the
thyroid), direct measurements are conducted.

m) NATIONAL CANCER INSTITUTE
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Radioactivity measurements for the thyroid in Ukraine
and Belarus

@) NATIONAL CANCER INSTITUTE
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Organ dose conversion coefficients

Derived from computational human phantoms and computer
simulation techniques, called Monte Carlo radiation transport

Radiation

Source Measured

dose
. [0y
' Conversion ——  Organ dose

Measured dose: Organ coefficients Measured dose
e Air Kerma dose
* Dose Area

Product
« CTDI

m) NATIONAL CANCER INSTITUTE 43



Evolution of Computational Human Phantoms

More accurate anatomy

1950s 1960s. 1980s

2000s
Simple phantoms Stylized phantoms

Voxel phantoms Hybrid phantoms

5

)

=
Y,z

!

e
BOMAB phantom ORNL adult phantom

GSF BABY and CHILD UF/NCI

voxel phantoms Hybrid phantoms

m NATIONAL CANCER INSTITUTE



Procedure to develop hybrid phantom

Contour organs from CT Rt Build surface models
images of patients from organ contours

Convert to voxel
models for Monte
Carlo calculations

Smoother and more
flexible than surface
models

m NATIONAL CANCER INSTITUTE 45



World-first newborn hybrid phantom*

UF/NCI hybrid male (left) and female (right) newborn phantoms
m) NATIONAL CANCER INSTITUTE *Lee et al. PMB 2007

46



A series of Hybrid Phantoms (2006-2013)

NNNNNNNNNNNNNNNNNNNNNNN



Body size-specific phantoms (1)
= Body size significantly varies among patients at the same age

= Radiation dose depends on body size

m) NATIONAL CANCER INSTITUTE
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Body size-specific phantoms (2)

Extension of MASH and FASH adult male/female phantoms

N .
@) NATIONAL CANCER INSTITUTE Broggio et al. PMB 2011
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Body size-specific phantoms (3)

Extension of MASH and FASH adult male/female phantoms

*Cassola et al. PMB 2011

@) NATIONAL CANCER INSTITUTE
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Body size-specific phantoms (4)

Extension of RPI adult male/female phantoms

*Ding et al. PMB 2012

51
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Rensselaer Polytechnic Institute
Pregnant Phantom Series*

*Xu et al. PMB 2007

52



University of Florida Pregnant Phantom Series™

| & - Week Model |
| 25 - Week Model |

| 10 - Week Model ‘
I 30 - Week Model |

| 15 - Week Model I
| 35 - Week Model |

| 20 - Week Model |

| 38 - Week Mode! ]

*Maynard et al. PMB 2014

@) NATIONAL CANCER INSTITUTE
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Phantoms in different postures (1)

Standing

Kneeling

Patient and baby phantoms used in the study of ICRP adult female phantom in different postures™*
release criteria for patients treated by I-131*

*Han et al. MP 2013, ** Yeom et al. PMB 2019

@ NATIONAL CANCER INSTITUTE 54



Phantoms in different postures (2)

Body posture-specific phantom developed from motion capture technology*

*Vazquez et al. PMB 2014

m NATIONAL CANCER INSTITUTE
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3D Monte Carlo radiation transport

A statistical approach for the physical phenomena
based upon random number and the probability

functions

Random sample next Target Medium

* Interactiontype Random sample next

* Angle * Interactiontype
* Energy * Angle
* Energy

Random sample next
* Interactiontype
* Angle

* Energy

Until the energy
becomes zero

Source Medium
m) NATIONAL CANCER INSTITUTE
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Types of dose conversion coefficients
= Environmental

o Ground contamination
o Internal dosimetry for ingestion or inhalation of radioisotope
= Occupational

o External exposure in idealized geometries (ICRP Publication 51, 74,
and 103)

= Medical
o Radiography/simple fluoroscopy
o Computed tomography scans
o Nuclear medicine

m NATIONAL CANCER INSTITUTE
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PCXMC, organ dose calculator for
radiography/fluoroscopy procedures

E‘; DefForm [ C:\Program Files\PCXMC\MCRUNS' 1 5-year-old' 15y-Abdomen-AP.DF2 ]
Eile

_n_!&nm | -0 New Form ‘

= Open Form I g Save Form | q Save Form As |

=10l

[EL Print As Text

Heade text [Typical abdomen AP, 15y

v Draw x-ray field

Phantom data
Al Phantom height  Phantom mass
0 1 5 10 15 C Adul | 168.10 | s55.90
Standard:168.1 Standard: 56.3
Geomelry data for the x-1ay beam
FSD Beam width Beam hei Xref Yrel Zref
8540 | 2332 31.04 [oooo0 | ooooo | 19:9300
Projection angle Cranio-caudal angle
270.00 0.00
LATR=180 AP=270 [pos) Cranial %-ray tube
LATL=0 PA=90 [neg) Caudal X-ray tube
MonteCarlo simulation parameters
Max energy [keV] Mumber of photons

Mo [soo0

Field size calculator 02 v Pancreas
- - ¥ Brain ¥ Uterus
il ! sl 1 - ¥ Heart W Lives
I“D [18 [2‘ Calculate | ¥ Testes ¥ Upper large intestine
v Spleen v Lower large intestine
Phantom exit- image distance: |50 v ¥ Small intestine
v ¥ Thyroid
FSD Beam width Beam height e ~
| ¥ Thymu ~
[¥ Stomach 3
[V Salivary glands [v Proslate
¥ Oral mucosa =3

m) NATIONAL CANCER INSTITUTE

¥ Arms in phantom

Draw

R

Rotation increment ,::m_ Jview angle iT

+ Quick  Sharp
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NCICT: National Cancer Institute dosimetry system for
Computed Tomography

National Cancer Institute dosimetry system for CT Version 2.0

Age
Age Group Organ dose (mGy)
© Pediatric Adult Brain 017
Pituitary gland ___ 0.16
Gender Lens 0.17
Eye balls 0.15
O Male Female Salivary glands___ 0.65
. Oral cavity 0.23
Body Size Spinal cord 3.22
Thyroid 1.06
Height (cm) 1352 Esophagus 2.68
Trachea 1.98
Weight (kg) 050 Thymus 3
Lungs 3.86
Show Phantom Height Weight Map Breast 4.55
Heart wall 4.01
Stomach wall 4.13
Scanner information Liver 4.21
Gall bladder 4.09
Manufacturer GE Adrenals 3.75
Model 8800, 9000 Series _Spleen 4.65
Pancreas 3.89
- o Kidney 4.91
O Head fiter Bl Small intestine 3.98
Colon 455
nCTDIw (mGy/100 mAs) 6.2 Rectosigmoid 36
T tential (kV Urinary bladder 3.86
ibs potantisk (kvol i Prostate 4.08
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NCINM: National Cancer Institute dosimetry system for

Nuclear Medicine
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NCI Dose Website - http://ncidose.cancer.gov
m> ;?\1;:::;:— glf“(l:f:;:f?;:emiology & Genetics

NCIDose

m Phantoms NCICT NCINM Dose Coefficients References Agreement

NCIDOSE is a collection of medical radiation dosimetry tools developed by radiation physicists from the National Cancer Institute (NCI), Division of
Cancer Epidemiology and Genetics, Radiation Epidemiology Branch. These tools can be used to estimate the radiation organ doses received by patients
undergoing diagnostic or therapeutic procedures. The resources are the product of years of research and development in collaboration with a number of
institutions, much of which has been published in the peer-reviewed literature. As a governmental resource these tools are available to the public free-of-
charge for non-commercial research purposes.

The following resources are currently available or under development:

e PHANTOMS, three-dimensional computational human anatomy models

e NCICT, NCI dosimetry system for Computed Tomography

e NCINM, NCI dosimetry system for Nuclear Medicine

e NCIRF, NCI dosimetry system for Radiography and Fluoroscopy (under development)
e Dose Conversion Coefficients

How Can | Request These Resources?

Non-Commercial Research Use
There is no charge to use for non-commercial research purposes. Please submit a Software Transfer Agreement form to Dr. Choonsik Lee.

Commercial or Other Use
Contact Dr. Kevin Chang of the NCI Technology Transfer Center to discuss the licensing process.

m) NATIONAL CANCER INSTITUTE
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Uncertainties
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Uncertainty increases when unknowns increase in CT (1)

Patient anatomy, scan start/end, scanner model, tube potential, current-time product, pitch

NATIONAL CANCER INSTITUTE
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Uncertainty increases when unknowns increase in CT (2)

Patient anatomy, scan start/end, scanner model, tube potential, current-time product, pitch

Patient side parameters Machine side parameters

Liver dose in abdominal CT scan: 20 mGy —
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Uncertainty increases when unknowns increase in CT (3)

Patient anatomy, scan start/end, scanner model, tube potential, current-time product

22 mGY == 20 mGy
18 mGy

m) NATIONAL CANCER INSTITUTE
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Uncertainty increases when unknowns increase in CT (4)

Patient anatomy, scan start/end, scanner model, tube potential

50 mGy

10 mGy

m) NATIONAL CANCER INSTITUTE

—— 20 mGy
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Uncertainty increases when unknowns increase in CT (5)

Patient anatomy, scan start/end, scanner model

75 mGy

5 mGy

m) NATIONAL CANCER INSTITUTE

-— 20 mGy
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Uncertainty increases when unknowns increase in CT (6)

Patient anatomy, scan start/end

100 mGy

2 mGy

m) NATIONAL CANCER INSTITUTE

-— 20 mGy
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Uncertainty increases when unknowns increase in CT (7)

120 mGy

Patient anatomy

1 mGy

m) NATIONAL CANCER INSTITUTE

=— 20 mGy
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Uncertainty increases when unknowns increase in CT (8) 180 mGy

Patient age

i 20 mGy
0.5 mGy

m) NATIONAL CANCER INSTITUTE 70



Uncertainty-incorporated dosimetry: 2DMC technique*®

" Provides alternative (possibly true) sets of doses for an entire
cohort rather than a single set

= Shared and unshared uncertainties are properly incorporated
into dosimetry

*Simon et al. Radiation Research 183:27-41 (2015)

m) NATIONAL CANCER INSTITUTE
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2-Dimensional Monte

Carlo method to
calculation multiple doses

incorporating uncertainty _
. L epe defined from
and variability
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Summary

= Accurate exposure assessment is crucial in high quality
epidemiological studies of cohorts exposed to environmental,
occupational, and medical radiation sources

= Reconstruction of accurate and individualized organ dose for a large
number of subjects often involves many challenges

= Dosimetry approaches in epidemiological studies include internal and
external dosimetry depending on the irradiation scenarios

= Uncertainty must be recognized, quantified, and incorporated into
risk analysis

m NATIONAL CANCER INSTITUTE
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Quiz question #1

What is the dose quantity that can be used for epidemiological
investigations?

Effective dose
Organ dose

Equivalent dose

s W Nhoe

Kerma

m) NATIONAL CANCER INSTITUTE
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Quiz question #1

What is the dose quantity that can be used for epidemiological
investigations?

Effective dose
Organ dose

Equivalent dose

s W Nhoe

Kerma
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Quiz question #2:

You have a kerma measurement of 10 mGy and the kerma-to-lung
dose conversion coefficients of 0.7 mGy/mGy. What is your lung
dose?

0.7 mGy
7 mGy

10 mGy
70 mGy

s W Nhoe

m NATIONAL CANCER INSTITUTE
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Quiz question #2:

You have a kerma measurement of 10 mGy and the kerma-to-lung
dose conversion coefficients of 0.7 mGy/mGy. What is your lung
dose?

0.7 mGy
7 mGy

10 mGy
70 mGy

s W Nhoe
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Quiz question #3

What would be the uncertainty factor you do not have to
consider in your dose reconstruction for patients undergoing
computed tomography scans?

Patient body size
Size of the CT room

CT scanner model

B W N

Body part included in the scan coverage
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Quiz question #3

What would be the uncertainty factor you do not have to
consider in your dose reconstruction for patients undergoing
computed tomography scans?

Patient body size
Size of the CT room

CT scanner model

B W N

Body part included in the scan coverage
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