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In radiological diagnostics and therapy, it is important that practitioners, referrers, (i.e. radiologists, radia-
tion oncologists and others in health-care) are aware of how much radiation a patient may receive from the
various procedures used and associated health risk. The profession has a duty to inform patients or their repre-
sentatives of the advantages and disadvantages of specific investigations or treatment plans. The need to estimate
and communicate risks in connection with medical use of ionizing radiation is highlighted e.g. in the Russian
Federation State Law No 3, §17.2, 1996 and in the EU directive (2013/59/EURATOM 2014). The most com-
monly used way to express harm in relation to low doses of ionizing radiation is use of the quantity effective dose
(E). Effective dose, a radiation protection quantity, however is not intended to provide risk estimates for medi-
cal exposures. Its purpose is to optimize conditions for radiation workers (18-65 years) or the general public;
all groups with age distributions that differ from patients. In this paper the lifetime attributable risk was used to
estimate the excess risk of receiving and dying of radiogenic cancer. The lifetime attributable risk estimations are
generated from three different variables, gender, attained age and age at exposure giving the possibility to cre-
ate age and gender specific cancer risk estimations. Initially, the US Environmental Protection Agency lifetime
attributable risk coefficients which are intended to predict the cancer risk from ionizing radiation to a normal
US population were applied. In this work, the lifetime attributable risk predictions were modified to the normal
Swedish population and to cohorts of Swedish patients undergoing radiological and nuclear medicine examina-
tions or treatments with survival times that differ from the normal population. For Swedish males, all organs were
given the same absorbed dose, exposed at 20, 40 and 70 years, the lifetime attributable risk coefficients (Gy™")
were 0.11, 0.068, and 0.038, respectively, which is lower than the corresponding figures for US males, 0.13,
0.077, and 0.040. For Swedish females, all organs were given the same absorbed dose, exposed at 40 years of
age with a diagnosis of breast, colon or liver cancer, the lifetime attributable risk coefficients are 0.064, 0.034,
and 0.0038, respectively, which is much lower than if a 40 years female without known cancer is exposed, 0.073.

Key words: effective dose, life time attributable risk, radiation risk predictions.
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nauneHToB B LLiBeuun

M. Anpepccon’, K. Skkepman?, 1. Maeen?, A. Onmen', C. MaTtTtccoH’
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B ayuesoii duaenocmuxe u mepanuu Kpaiiie 8ajcHo, 4modbl MeOUYUHCKUL nepcoran (8pavu-penmeae-
Hoao2u, Aeyaujue 8pau, paouayUuOHHble OHKO0AO2U U Np.) UMeAU npedcmasaenue 0 mom, Kakyw 003y oo-
AYHEHUs NOAYUUN NAUUEHM OM DA3AUYHBIX DeHM2eHOPAOUOA0UMECKUX UCCACOOBAHUN U C KAKUM DPUCKOM
0215 300po6bs sma 003a cés3ana. MeduyuHckuil nepcoran Hecem omeemcmeeHHOCb 34 UHGOPMUPOBaHUe
NayueHmos U ux 3aKOHHbIX npedcmasumeneli 0 0OCMOUHCMBAX U HeOOCMAMKaX 8blOPAHHLIX Uccaed08a-
Huil uau naanog aevenus. Tak, nanpumep, HeoOX00UMOCMb OUCHKU U KOMMYHUKAUUU PUCKOE 8 KOHMEK -
cme UCNOAb308AHUS UOHUSUDYIOWE20 U3NYHeHUs 6 meduyune ocobo ommeuena ¢ DedepanvHom 3aKoHe
D3-3 «O paduayuornnoii bezonacnocmu Haceaenus» 6 Pocciickoti Pedepauuu u 6 dupexmuese Eeépocoroza
2013/59/EURATOM 2014. Haubonee pacnpocmpatenHsimM chocoOOM GbipadceHusi 8peda om HU3KUX 003
UOHUUPYIOWe20 U3AYHEeHUS ABAAeMCs UCHOAb308aHUe IPPeKmUBHOL 003bl, KOMOPAs, XOMS U A6ALeMCs
OCHOBHOIU 6eAUMUHOU 8 PAOUAYUOHHOU 3auiume, He NPeOHA3HAYeHd 05 OUEHKU PUCKO8 0M MeOUUUHCKO20
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obayuenus. Ee 3adaueil seasemces obecnewenue onmumuzayuu paouayuoHHOU 3auumst nepcoHana (aroeii
6 ospacme 18—65 aem) u naceaeHuss — epynn ¢ 603pACMHbBIM PACHpedeseHUueM, Pe3K0 OMAUYAIOUUMCS OM
603pACMHbIX pacnpedenenuil nayuenmos. B dannom uccaredosanuu éeautuna nojicu3HeHHo20 ampudymue-
H020 pucKka 6blAa UCNOAb308AHA 05 OUEHKU U30bIMOYHO0 PUCKA NOAYHUMb U YMepemb 0m paou02eHH020
paka pasauyuHoil Ho3onroeuu. OueHKu 3HA4eHUll NOJNCUBHEHH020 ampudymugHo20 PUCKA OCHOBbIGAAUCH HA
mpex nepemeHHbIX: N0, 803pAcm 0NCUMUSL U 803PACH NPU OOAYHEHUU, YO NO360AUN0 ONPeOeaUmb PUCKU
paseumusi paduoeenHo20 paKa ¢ y4emom noaa u ospacma nayuenmos. MznauaivHo 0biau ucnonb308aHbl
Ko3ghhuyuenmol nOJNCU3HEHHORO AMPUOYMUBHORO PUCKA, pA3pabomartble Aeenmcmeom no 3aujume oKpy-
acaroueli cpedvt CILIA, komopble no3eoasom oyeHums u30bimouHble paduoeeHHvle paku 0451 HOPMANbHOU
nonyaauuu CIIA. B dannoii pabome 3naueHus KOIPOUUUESHMOE NONCUSHEHHO20 AMPUOYMUBHO20 PUCKA
ObLAU UBMEHEHbL C YHemOM cneyu@uKly 300p08020 UEe0CK020 HaceAeHUs, a MaKjice K02opm weedcKux na-
YUeHmos, NPOXoOAWUX PA3NUYHbIE PEHM2eHOPaouoa02u1ecKue Uccae008anus U Kypcol Ay4eeoil mepanuu,
epemsi Q0dCUMuUsi KOMOPbIX CYUECMEEHHO OMAUYAN0CH OM MAK08020 0451 00bl4HO20 HacenaeHus. Jlns weed-
CKUX MYJICUUH, NPU YCA0BUU, YO 8Ce OP2aHbl OP2AHUZMA NOAYHUAU O0HY U MY dice NOAOULeHHYI0 003 U
obayuenue npousouino 6 gospacme 20, 40 u 70 rem, coomeemcmeayroujue Ko3g@uyuenmsl NOJICUSHEHHO20
ampudymueroeo pucka (Ip~') cocmasuau 0,11, 0,068, u 0,038 coomeemcmeaenHo, 4mo HumiCce N0 CPAGHEHUIO
C aHano2uMHbIMU OAHHBIMU 015 amepukanckux myxcuun — 0,13, 0,077, u 0,040 coomeemcmeento. /s
WEeO0CKUX JHCeHWUH, NPU YCAOBUU, HMO BCe OP2aHbl OPAHUZMA NOAYHUAU OOHY NOAOUWCHHYIO 003y U 001yHe-
Hue npousouLno @ sozpacme 40 nem ¢ duaeHo3om paxka epyou, nPAMoil KUWKU Uau neveHu, Koagguyuenmot
noocusnernno2o ampubymuenozo pucka (Ip') cocmasunu 0,064, 0,034, u 0,0038 coomeemcmeento, umo
cyujecmeento Hudce 3uauenus 0,073 6 cayuae obayuenus 40-r1emuux dceHujut, y Komopuix 0uazHo3 paka

ycmaHoe/1eH He oObLN.

Kiiouesble cioBa: sgppexmusnas 003a, noxcu3HeHHblll ampudymueHblil puck, oyeHKa paduauyuoHHo20

pucka.

1. Introduction

In radiological diagnostics and therapy, it is important that
practitioners, referrers, radiologists, radiation oncologists and
othersin health-care understand how much radiation a patient
may receive from the various procedures used and the asso-
ciated risk. National and international directives state e.g. that
”... based on the citizens’ or patients’ request they shall re-
ceive full information on expected or received dose and pos-
sible consequences due to the x-ray examination ...” (Russian
Federation State Law No 3, § 17.2 "On the radiation safety of
the public, 1996”) [1] and the need to "... ensure wherever
practicable and prior to the exposure taking place adequate
information relating to the benefits and risks associated with
the radiation dose from the medical exposure” (EU directive
2013/59/EURATOM 2014) [2].

The most commonly used way to express harm in rela-
tion to low doses of ionizing radiation is to use the quantity
effective dose (E) defined by the International Commission
on Radiological Protection (ICRP) [3]. However, effective
dose was not intended to provide risk estimates for medical
exposures. Its purpose is to optimize conditions for radiation
workers (18-65 years) or the general public — groups with dif-
ferent age distributions than patients. In spite of that, effec-
tive dose is also frequently used for risk estimates for patients
undergoing medical exposures and even for individual pa-
tients. The effective dose is a weighted sum of tissue specific
doses. ICRP [3] determined tissue weights by first calculating
tissue-specific “nominal risks adjusted for lethality and quality
of life” which are the tissue-specific cancer (and hereditary)
risk estimates multiplied by a “lethality fractions”, and “rela-
tive cancer free life lost”. The tissue weights were then subjec-
tively rounded and normalized to sum to 1, resulting in values
of 0.01, 0.04, 0.08, or 0.12. Based on estimates of detriment
for lifetime exposure to uniform whole-body radiation, ICRP
established risk coefficients of 5.5% per Sv for a population of
all ages and 4.1% per Sv for radiation workers. The effective
dose is a robust unit for many populations exposed to environ-
mental and occupational sources of radiation, but it does not

Beepenve

B nyyeBOM OmarHoCctuke v tepanuu KpamHe BaXHO, YTO-
Obl MEAVLVHCKMIA NepCcoHas (Bpayn-peHTreHonoru, nevatime
Bpayyu, paanaumMOHHbIE OHKOOIM 1 NP.) UMEN NPeacTaBneHve
0 TOM, KaKyto 103y 06/1y4eHNs NOYYU NALUMEHT OT Pa3/INYHbIX
PEHTreHoPaaMONornieckmx NCCNeaoBaHNA U C Kakum pagma-
LIMOHHBLIM PUCKOM )19 30,0P0BbS 3Ta 103a CBsA3aHa. ATO yCNo-
BME ABNSIETCA 0053aTeNIbHbIM B COOTBETCTBMUN C PA3NYHBLIMU
HaUMOHANbHBIMU 1 MEXAYHAPOAHbIMW  3aKOHOAATENbHBIMU
akTamu. Tak, B poccuiickom ®PeaepansHom 3akoHe N2 3-P3
«O pagmuaumoHHoli 6e30MacHOCTN HaCeneHns» NPOMNMUCaHo,
yto «lo TpeboBaHMIO rpaxaaHnHa (NaumeHTa) emy npeno-
CTaBngeTCs NonHas MHopmaLms 06 OX1MaaemMon unm o nosy-
Yyaemor UM fo3e 06/y4eHNsT U O BO3MOXHbIX MOCNEACTBUSAX
npy NPOBEOEHUN MEAVLMHCKMX PEHTIEHOPAANONOMNYECKIMX
npouenyp». Anpektusa EBpocotosa 2013/59/EURATOM 2014
npenycMaTpuBaeT HeoOGXOAMMOCTb MPEefOCTaBNEHNS anek-
BaTHOW MHGOPMaLMM O NoMb3e 1 pUckax oOT [03 MeANLMHCKO-
ro 065y4yeHus nepes NPoBeAEHNEM UCCeA0BaHNS.

Hanbonee pacnpocTpaHeHHO Mepoil Bpeda OT HU3KUX
003 VMOHU3MPYIOLLEro U3nyvyeHusa asngetca addekTnsHas
no3sa (3/), onpegeneHHas MexayHapogHOM KOMUCCUEN MO
paguonoruyeckonn 3awmte (MKP3). OgHako apdekTmBHas
[03a He Obla NpegHasHa4YeHns oNis OLEeHKM pucka oT Meau-
LIMHCKOro o6nyy4eHus. 3, ncnonb3oBanacb Ais onTumMmsa-
U1K ycnoBuin paboTel nepcoHana (B Bo3pacte 18-65 net) unm
HaceneHus — rpynn ¢ MHbIMU BO3PACTHBIMU pacnpeaeneHn-
AMW MO CPaBHEHWIO C naumeHTamu. HeCcMOTpst Ha AaHHble
orpaHuyeHns, 31 4acTto MCnonb3yeTcs ANS OLEHKM prcka
Yy NALMEHTOB NPU MeAULIMHCKOM 0B6Ny4yeHnr, B TOM YUCNE U
ON19 UHOMBUAYaNbHbIX NaUneHToB. ObdekTnBHasA [03a ABNS-
€TCS1 B3BELUEHHOW CyMMOW TkaHecneumbuyHbix o3. MKP3
onpenenuno B3eeLwwmBaroLme KoapduumeHTsl NyTem pacye-
Ta TKaHecneundUYHbIX «<HOMUHAbHBIX PUCKOB C MOMpPaBKoOW
Ha CMEPTHOCTb M Ka4eCTBO XN3HW», KOTOPble NPeacTaBAsoT
coboli TkaHecneun@PUuHble OLLEHKM pUCKa paka (1 Hacnen-
CTBEHHbIX 3P PEKTOB), YMHOXEHHbIE Ha «40/I1 NeTanbHOCTN»
N «OTHOCUTEJIbHYIO MOTEPIO NIET XM3HW 6e3 paka». [daHHble
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take age and sex into account (e.g., for specific individuals
undergoing medical procedures). The reason for this, stated
by the ICRP, is that the system of protection should be suf-
ficiently simple and robust [3, 4].

A step forward, as it relates to specific patients, could be
to define an “index of harm” as the effective dose (keeping
the tissue weighting factors) multiplied by a relative risk factor
which is age dependent. Almén and Mattsson [5] used a risk
factor between 2 and 3 for children and adolescents and Wall
et al., [6], Balonov and Shrimpton [7] and Balonov et al. [8] a
relative risk factor of 2 for children and adolescents < 18y, 1
for adults < 65y and 0.1 for seniors 65+ years. Simple adjust-
ments of ICRP’s nominal risk coefficient to account for age
differences have in this way made effective dose a useful tool
for the description of the radiation detriment.

An alternative approach to effective dose is to base risk as-
sessments directly on calculations of lifetime attributable risk
(LAR). There are different organizations performing risk mod-
els for assessing LAR [9, 10]. For these calculations, we ad-
opted the approach used by the United States” Environmental
Protection Agency (EPA) [9]. For most cancer sites, the EPA
risk models and other underlying assumptions are identical to
those recommended in the United States” National Research
Council BEIR VIl report [11]. For example, the models for most
cancers were derived from incidence data from the Lifespan
Study of the Japanese atomic bomb survivors and a dose and
dose rate effectiveness factor of 1.5 assumed for cancers
other than leukemia, bone, and skin. Extensions and modifica-
tions to the BEIR VII approach include risk estimates for alpha
particles and a more extensive analysis of uncertainties associ-
ated with the radiogenic risk estimates. These risk models are
used to assess both excess risk of cancer incidence and pre-
mature cancer death. For most cancer sites, the EPA assumed
both relative and absolute excess risk to be proportional to the
absorbed dose with a slope that depends on the tissue, age
at exposure, attained age and sex. An important exception is
leukemia, for which risk depends also on time since exposure.

In a previous analysis [12] we used EPA LAR coefficients —
as an alternative to effective dose — to quantify sex and age spe-
cific cancer risks for patients undergoing x-ray examinations,
nuclear medicine examinations and treatments. The study also
assessed differences in outcome between effective dose and
LAR risk estimation, as illustrated in Fig. 1. The effective dose-
based risk for adults (4.1% per Sv) and the LAR risk are pre-
sented for a **™Tc bone scintigraphy, for ages at exposure be-
tween 0 and 110 years. We also showed that if the difference in
cancer risk for different ages at exposure and sex is known, it is
possible to perform bone scintigraphy procedures with the same
risk for stochastic effects by varying the activity administered
for patients of different age and sex. However, for that study, the
LAR coefficients that were applied had been developed for a
standard (healthy) US population. The aim of the current project
was to explore the need to modify the approach by applying LAR
coefficients that are appropriate for a standard Swedish popula-
tion and also for specific cohorts of Swedish patients.

2. Materials and Methods

2.1. Investigated cohorts of patients in medicine
The cohorts of patients range from diagnostic radiology/
subject — especially those examined using computed tomogra-
phy (CT) - to cohorts of patients undergoing nuclear medicine

B3BeELUMBaOLLME KOIDPUUMEHTHI BblIM 3aTEM OKPYITIEHBI 1
HOPMann3oBaHbl K CymMmMe B 1, 4TO NO3BOWO NONYYUTb 3HA-
yenums 0,01, 0,04, 0,08, nnm 0,12. Ha ocHOBe OuUEHKM Bpeaa
OT paBHOMEPHOro 0bny4YeHWs BCEro Tena B TEYEeHUe BCEN
Xn3Hm MKP3 ycTtaHoBUIO KO3POUUMEHTLI prcka B pasme-
pe 5,5% Ha 1 3B ANa HaceneHns BCcex BO3PACTHBIX rPynn 1
4,1% Ha 1 3B ona nepcoHana. AddekTnBHaa 103a 9BNIETCS
HaOEeXHOW BENNYNHON AN pasfvyHbIX NONYN[aUMi, KOTOpble
NoZBEPraloTCs NPUPOAHOMY M MPodeccroHanbHOMy 00ny-
YeHMI0, HO OHa He Y4MTbIBaET Mo 1 BO3PacT (Hanpumep, Ang
OTAENbHbIX MHOVUBUAYYMOB MPU MEAULIMHCKOM 0051yYeHnn).
OT0 00BbSAICHSAETCA TEM, 4TO, cornacHo MKP3, cuctema paaum-
AUMOHHOW 3aLUTbI AOJIXKHA ObITb MPOCTOM 1 HAOEXHON.
PasButnem paHHOW CUCTEMbI, MPUMEHUTENBHO K OT-
OenNbHbIM KaTeropysam naumeHToB, SIBNSETCS onpeaeneHne
«MHOEeKca Bpena», NnyTeM YMHOXeHUS apdekTnBHON Jo3bI (C
COXPaHeHNeM TeKYLLMX B3BELLMBAOLNX KOS DULNEHTOB) HA
BO3PaCT-3aBNCUMbIN OTHOCUTENbHLIA KOSDOUUMEHT puUcCkKa.
B paboTtax Almén n Mattsson [5] 6bin1 nCnonb30BaHbl KO3bh-
burLMeHTbl pucka B Avana3oHe 2-3 ona geten n nogpoCcTKOB;
Wall n gp., [6], Balonov n Shrimpton [7] n Balonov n gp. [8]
MCnosb30Bann KO3GPULMEHTbI pycka paBHbIe 2 ANs AeTeil 1
noapocTtkoB (no 18 net), 1 gna B3pocnbix (18-65 net) n 0,1
Ans nuu ctaplue 65 net. MpocTbie KOPPEKLMN HOMUHANBHOTO
koadduumeHTa pucka MKP3 ¢ yyueTom pasnuynii B Bo3pacTte
npespawalnT 9ODEKTUBHYIO J03Y B MOAE3HbI MHCTPYMEHT
OJ19 ONMcaHns paanaumMoHHOro Bpeaa (pucka).
AnbTepHaTnBON addEKTUBHON 003 ABMASETCS UCMOb-
30BaHWE nokasartesieli pucka — HanpuMmep, NOXM3HEHHOrO
atpubytusHoro pucka (LAR). PaspaboTkoir momenein ans
pacyeTa LAR 3aHMMaeTcs uenblin psa opraHndaunin. Jns sa-
Jay faHHoi paboTbl Bbin MCNOIb30BaH NoAXon, AreHTCTBa no
3awmTe okpyxatoLueit cpenbl CLUA (EPA). nst 6onbwumnHCTBA
nokanuaaumii paka, mogenu pucka EPA n 6a3oBble npeano-
JIOXEHVS ABNSIOTCSH MOEHTUYHLIMW NPEACTABNEHHBIM B OTYE-
Te HaumoHanbHoro Hay4Horo coseta CLLUA BEIR VII. ns npu-
Mepa, Mozenu ans 6onbLUMHCTBA pakoB Obln pa3paboTaHsbl
Ha 6a3e AaHHbIX N0 3a60NEBAEMOCTM N3 MOXMIHEHHbIX UC-
cnefoBaHuiA Ha SINOHCKOM KOropTe BbIXKMBLUMX MOC/e aTOM-
HblX 6OMBapAMpPOBOK (Tak HasbiBaeMol LSS-koropte); ons
BCEX PakoB, KPOME NeiKeMUin, pakoB KOXWN 1 KOCTel, Oblin
NPUHATLI KO3PPUUMEHTBI 3DDEKTUBHOCTM L03bl U MOLLHO-
CTV 803bl, paBHble 1,5. JononHeHns 1 moandbukaumm K oT-
yeTy BEIR VII BkOYAIOT OLEHKY prcka gas anb@a-4actul, n
Oonee peTanbHbI aHanNM3 HeonpeaeneHHOCTel, accoumm-
POBaHHbIX C OLLEHKOM paamaLmMoHHOro pucka. JaHHslie moae-
JIN pUCKa MCMOJIb3YIOTCS KaK AJi1s OLEHKM U3ObITOYHOrO pu-
cka 3a6051eBaEMOCTI pakoMm, Tak 1 OJis NPexXaeBPEMEHHON
cMepTyr OT paka. [ns 60nblUMHCTBA Nokanusaumin paka EPA
NpPeanonoxmna, YTo Kak OTHOCUTESNbHbLIN, Tak U abCconioT-
HbIl M3ObLITOYHBLIA PUCK MPOMOPLIMOHANbHLI MOMIOLLEHHOM
[,03€e C HAaKJIOHOM, KOTOPGbI onpeaensieTcs TkaHbo, BO3pac-
TOM Ha MOMEHT 06JIy4eHMsl, BO3PACTOM [LOXUTUS U MOJIOM.
WcknioyeHnem saBnseTcs nekemMust, ons KoTopon puck 3asu-
CUT TakXe OT BPEMEHW, NPOLLIEALLIErO C MOMEHTA 06JTy4eHUS.
B npenbloywmx aHanMaax Mbl MCMOJb30BaN 3HAYEHUS
NOXWU3HEHHOro aTpMOyTUBHOIrO pucka no moaenu EPA - B
Ka4yeCTBe anbTepHaTyBbl 3OdEKTUBHON A03bl — AN KONn4ye-
CTBEHHOW OLEHKMN CneundUyHbIX MO MOy U BO3PacTy PUCKOB
pagnoreHHoro paka afs nauyMeHToB npy NPOBEAEHUM flyye-
BOV ANArHOCTMKM U TEpanuu, NpoLeayp SAePHON MeAVLMHbI.
Taioke ObINo NokasaHbl Pa3NMums Mexay pacHeTaMmm Ha oc-
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and external beam radiation therapies. To properly assess the
risk associated with medical procedures, one must consider
the range of circumstances under which the radiation expo-
sures occurred. CT examinations are administered to many pa-
tients for a wide range of medical indications. The purpose of
the exposures is to provide information on the disease, (e.g., to
exclude or stage disease) as part of treatment planning or as an
aid in executing the treatment. Other exposures are performed
to verify treatment results in connection with the treatment but
also used to follow-up disease — sometimes up to several years
after the actual treatment ends. Thus, medical exposures in-
volve healthy (normal), diseased, and potentially cured persons
(which are assumed to re-enter the cohort of healthy individu-
als), and for these three types of patient groups there are dif-
ferent sets of survival rates. Exposure levels can vary greatly,
depending both on the type of examination and the hospital
where the examination is performed.

For radiation treatments (e.g., therapy with radiopharma-
ceuticals and external beam radiation therapy) concern about
acute radiation effects takes precedence and less interest is
devoted to the mitigation of radiation induced cancer. Before
an external beam radiation therapy treatment is performed the
absorbed dose is planned, using a sophisticated dose plan-
ning calculation, and the dose distribution is optimized in the
planning target volume, with attention to doses in tissues at
risk for acute effects. Outside this volume, absorbed dose and
radiation risk levels are to a less extent assessed and consid-
ered. However, larger volumes of healthy tissues are exposed
to doses of varying magnitude in patients undergoing external
beam radiation therapy [13]. Also, in nuclear medicine thera-
py, the absorbed dose distribution in the patient is not routine-
ly assessed and the dose distribution for the individual patient
is to a less extent optimized. Radiopharmaceuticals include
both alpha and beta emitting radionuclides resulting in high
doses to small volumes of tissues. However, organs outside
targeted tissues can receive a high radiation absorbed dose
resulting in acute radiation effects in some nuclear medicine
procedures.

. :gfﬂTc bone scintigraphy administration
5 X
- Mortality male
6 by Mortality female
AN — — — Morbidity male
5 \? N — — — Morbidity female
vy Adult detriment-ad).

4 —&— nominal cancer risk
~ (ICRP Publ. 103)

Y
LAR (Gy )

0
0 10 20 30 40 50 60 70 80 90 100110
Age of subject [year]

HoBe addekTnBHOM A03bl 1 LAR (puc. 1). Ha pucyHke npeg-
CTaB/IeHbl pe3ynbTaTthl OLEHKM prUcka Ha OCHOBE 3D dEKTUB-
HOW [03bl Ans B3pocsbix (4,1% Ha 3B) 1 Ha ocHoBe LAR gns
cunHTurpadum kocteli ¢ *mTc ana Amana3oHa BO3pacToB Ha
MomeHT o6nydeHnst 0—-110 net. Takxke OblIO MOKA3aHO, YTO
Npv N3BECTHbIX PA3NINYMSAX B PUCKE AN15 Pa3IMYHOro BO3pac-
Ta npu 061y4eHnn 1 nosie BO3MOXHO NMPOBECTU CUMHTUrpa-
VIO KOCTEN C 0OMHAKOBLIM PUCKOM PasBUTUSA CTOXacTuye-
CKknx addEKTOB 4S9 NALMEHTOB Pa3NNYHOro Nnosa u Bo3pacra
3a CYET UBMEHEHUSI BBOAMMOM akTMBHOCTU. OHAKO UCNOnb-
30BannCb 3Ha4veHns LAR gng ctaHgapTHOrO (340p0OBOro) Ha-
ceneHus CLLA.

Liens uccnepgoBaHusa — aHanM3 Heo6XoAMMOCTU U3Me-
HEeHUsl NOAX04a K OLLEHKE PaaMaLMOHHbBIX PUCKOB MyTEM Npu-
MeHeHus 3HaveHnn LAR ona ctaHgapTHOro LWBEACKOro Hace-
JIeHVa U ANS OTAENbHBIX KOropT WBEACKUX NaLMEeHTOB.

Ma‘repuanbl n metoabl

ViccnepoBaHHbIe KOropTbl NaUMEHTOB Mpy MeAVNLIMHCKOM
0651y4eHn

B nccnenoBaHum 6611 UCMOJIb30BaHbI PA3J/IMYHbIE KOTOpP-
Tbl MAUMEHTOB: OT NPOXOASALMNX CTAHAAPTHbIE PEHTreHorpa-
duryeckme nccnenoBaHms 1 0CO6EHHO KOMMbIOTEPHYIO TOMO-
rpaduio 00 NPOXOAsLLMX UCCNEeA0BaHMA METOAAMU SAEPHON
MeaMLMHbI 1 Ny4eByto Tepanuto. Ons 40CTOBEPHOWN OLLEHKM
pucka, acCOUMMPOBAHHOIO C MEAULMHCKMM 00/yYeHnemMm,
HeobX0OMMO Y4MTbIBaTb 0OCTOSATENLCTBA, NPY KOTOPbLIX AaH-
Hoe 06nyyeHne npousowso. Hanpumep, KT-uccnenosaHus
NCMONb3YTCA AN Pa3fNYHbIX MALMEHTOB OJ1S LUMPOKOro
avanasoHa KNMHUYECKMX HasHadvyeHnin. Lienblo nccnenosaHms
ABNSETCS NpefocTaBneHne mHpopmaumm o 3aboneBaHun
(nckntounTb 3aboneBaHne 1 NPaBUIbHO ero CTaaupoBaTh) B
Ka4eCTBE 4YacTy NIaHMPOBAHUS IEYEHNS MW NOSAEPXKKM MPU
npoBeneHnn neveHns. ipyrme nccnenoBaHunst UCMosib3ytoTes
009 NOATBEPXAEHMS! Pe3yNbTaToB JIeYeHUsl Uan aas Habnto-
[EeHNs 3a NaLMeHTOB B CTaauM PEMUCCUN — MHOTAA BrIOTb
[0 HECKOJNbKNX JIET MOC/IE OKOHYaHUS Kypca nedveHuns. Taknum
o06pa3om, meamumHckoe obsydyeHne BKoYaeT B cebst 340-
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Fig. 1. Left: Age at exposure and sex dependent cancer morbidity and mortality risks from an intravenously administered **"Tc-phosphonates
for bone scintigraphy using recommended age dependent administrations [12]. Right: Adjusted administered activity to get the same
radiation risk independent of age and gender [12]

[Puc. 1. CneBa: BO3pacT npu 0651y4eHnm 1 puckn 3a601eBaeMOCTU 1 CMEPTHOCTU OT paka C y4ETOM MoJia NaumMeHTa npu BHyTPYBEHHOM
BBeAeHUn ¥ Te-docdoHaTa ons cuMHTUrpadum KOCTel ¢ MCnosib30BaHMEM PEKOMEHA0BAHHbLIX aKTUBHOCTEW AJ1 COOTBETCTBYIOLLINMX
BO3PaCTHbIX kKaTeropuii. Cnpasa: CKOPPEKTUPOBAHHbIE 3HAYEHNS aKTMBHOCTU OAHHOIO Npenapara aAas AOCTUXEHNS OOHOMO 1 TOro Xe pucka
BHE 3aBMCVMMOCTM OT Nnona 1 Bo3pactal
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2.2. Risk estimates using LAR

For cancer patients the lifetime attributable risk of a sec-
ondary primary cancer caused by radiation and the risk of
dying of this cancer is estimated. The term “secondary pri-
mary cancer” describes, in this case, a new primary cancer
that occurs in a person who has had cancer in the past. The
second primary cancers may occur years after the original
(primary) cancer was diagnosed and is independent of the
first cancer. This is important as most radiation treatments for
cancer involve many examinations. For non-cancer patients
the LAR coefficients for estimating the morbidity and mortality
risk for radiation induced primary cancer for 14 specific can-
cers: bone, breast, colon, kidney, leukaemia, liver, lung, ovary,
prostate, skin, stomach, thyroid, urinary bladder, uterus; and
the category ‘residual site’ cancers are available [9]. The re-
sidual site cancers include cancers for which there were in-
sufficient data from the Life Span Study of Japanese Atomic
Bomb Survivors or other epidemiological studies to reliably
quantify radiogenic site-specific risks. The LAR cancer risk
predictions for a specific cancer site are presented in Eq.1,
which basically can be described in three steps. The first step
is to calculate, for each of the 15 different cancer types, age
specific excess rate of cancer diagnosis, M(D, b, a). The
M(D, b, a) is a function of three variables, the absorbed dose
(D) of the specific organ, the age (e) at the exposure and the
attained age (a) of cancer diagnosis. The next step is to mul-
tiply the excess cancer rates by the probability of being alive
at age a, S(a), each year after the exposure, normalized by
the probability of being alive at exposure. Finally, the LAR is
obtained by integrating these adjusted excess cancer rates
though integration over attained age starting post a latent pe-
riod of five years (two for leukemia) after the age of exposure.
Thus,

110 S(a)

M(D,e,a) -

LAR(D, e = —
( )Sex oL S(e +L)

da (1)
where D is the absorbed dose, e is the age (year) at
exposure, L is the latency period (year) after exposure for
which stochastic effects occurs, a is the attained age (year),
S(a) and S(e) is the survival rate at age a and e respectively.

2.3. Risk Modification of LAR

Our radiogenic cancer risk projections are combinations
of projections based on excess absolute risk (EAR) and ex-
cess relative risk (ERR). A projection based solely on an EAR
model assumes that radiation risks for the “target” population
is the same as for the Life-Span Study, whereas, a projec-
tion based solely on the ERR assumes risks are proportional
to baseline cancer risks. The BEIR VIl Committee concluded
that “mechanistic considerations” suggested that for most
cancer sites more emphasis should be placed on an ERR
model. It can be noted that ICRP used equal weights for ERR
and EAR models. The EPA[9], following the advice of the BEIR
VIl Committee, assigned a weight of 0.7 to the ERR model for
most cancers. e.g. the EPA predicted excess cancer rate for
male stomach cancer is:

M(D, e,a) | mate(se) = 0.7 * (ERR(D’G, @) 1 Mate(st) * /1(11)) +

+0.3 % (EAR(D, €,@) | patest)) (2)

where M(D, e, a) | yaecsr 1Stheexcessincidence cancer
risk, A(a) is the base line cancer risk at age a and the ERR

POBLIX (HOPMasbHbIX), 3a60MEBLUMX U BO3MOXHO BblIEYEH-
HbIX MHAMBUAYYMOB (NPeanonaraeTcs YTo AaHHasa Kateropust
B [aJibHelLleM BOMAET B COCTaB KOrOPTbl 300POBLIX); ANS
BCEX 9TUX KaTeropuii MHAMBUAYYMOB KO3PPUUNEHTbI BbIKMN-
BAEMOCTW CYLLECTBEHHO OT/IMYAKOTCA. Takke CyLeCTBEHHO
OyayT OTIMYaThCs YPOBHM 00/1y4EeHMS NaLMEHTOB, B 3aBUCU-
MOCTM OT TMNa NCCNea0BaHNSA 1 MaTePUaNbHO-TEXHUHECKOTO
OCHAaLLEHNS MegULIMHCKOW OpraHn3aumnu.

Ons nyveBon Tepanun (Kak Ans pagnoHyknngHom, Tak n
OJ191 AUCTaHLMOHHOM Tepanunn) B MEPBYIO 04epeb akTyanbHO
VCKIOYEHNE AETEPMUHMPOBAHHbLIX 3G DEKTOB; OLEHKE pa3s-
BUTUS PALAMOr€HHbIX PAKOB YAENAETCS MEHbLLE BHUMaHus. 1o
NpoBeAEHNS ANCTAHLMOHHON Tepanuu NpoU3BOANTCS OLLEH-
Ka NOrNOLEHHOM J03bl C UCMOb30BAHMEM KOMMIEKCHbIX aj-
rOPUTMOB; MPOBOAMTCS ONTUMM3aLNS PacnpeneneHnin 4os B
nnaHnpyeMomM ob6beMe NleHeHrs C y4eTOM MOMIOLLEHHbIX 0,03
B TKaH$IX, 6/IM3KNX K YPOBHIO PasBUTUS AeTEPMUHUPOBAHHbBIX
acddekToB. 3a nNpegenamMu gaHHoM 06nacTy OLeHKa 1 yyeT
NOMMOLLEHHbIX 4,03 M YPOBHEN prcka NPOBOAATCS KpaliHe pes-
k0. OpHako 6onblure 06beMbl 300POBLIX TKaHe 0byyaloTCst
pas3fMyHbBIMK 4,03aMU NPY NPOBEAEHUN OUCTAHLMOHHON ny-
4eBOW Tepanuu. Takxe B PagVNoHYKNIMOHOM Tepanuun KpanHe
penko NpPoBOAUTCS OLEHKA pacnpeneneHuin NorfoLeHHbIX
003 Y MHOMBUAYanbHbIX NauMeHToB. Pagnodapmnpenaparsb
ONs pagMoHYKNMOHOW Tepanun copepxat anbda- n 6eta-
N3ayyaTenu, YTo NPUBOAMUT K BbICOKUM [03aM B HEGOMbLLMX
ob6bemax TkaHW. TkaHn 3a npegenamm opraHa-MuLLeHN MoryT
noJly4yaTb BbICOKME YPOBHU MOMIOLLEHHOM A03bl, 4TO GyneT
NPUBOOUTb K PA3BUTUIO AETEPMUHMPOBAHHbIX 3D DEKTOB.

PacyeT noxusHeHHoro atpubyTMBHOro pucka

ns OHKONOrMYecKMx MauueHTOB OLLEHMBAIOTCS MOXWN3-
HEHHbI aTPMOYTUBHBIA PUCK Pa3BUTUS «BTOPUYHOIO nep-
BMYHOIO paka» OT 0OSy4eHUs U PUCK CMEPTU OT AAHHOrO
paka. TEpMUH «BTOPUYHBIA NEPBUYHBIA Pak» B AAHHOM Chy-
Yyae OTHOCUTCS K HOBOMY MEPBUYHOMY pPaKy, KOTOPbIA BO3HUN-
KaeT y MHAMBUAYYMa, Y KOTOPOro B MPOLLIOM YXe OblN pak.
BTOPWYHBIN NEPBUYHBLIA PaK MOXET BO3HUKHYTb CMYCTH He-
CKOJIbKO JIET MOCHIE TOr0, Kak UCXOAHBIV (MepBUYHbIN) pak Gbin
ONarHoOCTMPOBAH; OH Pa3BMBAETCH HE3ABUCKMMO OT MEPBOrO
paka. 3To SBNSETCs O4YeHb BaXKHbIM, Tak Kak OO0MbLUMHCTBO
CXeM JIy4eBOW Tepanuu paka npegycmarpuBatoT 60sbLioe
KONMYECTBO MCCNeaoBaHUN C NPUMEHEHMEM Ny4eBOI auar-
HOCTMKM. NS HepakoBbIX MAUMEHTOB OOCTYMHbI 3HAYEHUS
LAR onst oueHkn 3a60n1eBaeMoCcTi U CMEPTHOCTU OT NepBUY-
HOrO paguoreHHoro paka 14 nokanusaumii: KOCTHas TKaHb,
MOJIOYHas Xenesa, nNpamMas KuLKa, nenkemusl, nevyeHb, ner-
Koe, SIMMHWKK, NpocTaTa, KOXa, Xenyaok, LUTOBUAHAsS Xe-
nesa, MOYeBO Ny3bipb, MaTka. JONonHUTeNbHAA KaTeropus
«paku MpovMx nokanusauunin» BkI4yaeT B ceba paku, ons
KOTOPbIX Ob1I0 COBPAHO HEAOCTATOYHO AAHHbIX B MOXN3HEH-
HbIX MCCNEeA0BaHMAX Ha ANMOHCKOM KOrOpTe BbIXMBLUMX MNOCe
aTOMHbIX 60MOaPAMPOBOK U MPOYUX BNNAEMUONOTNHECKNX
nccnegoBaHUsX ost JOCTOBEPHOW KOMYECTBEHHOM OLEHKM
paguaumMoHHbIX PUCKOB, CreuuduyHbIX AN nokanmMsauuu.
Pacyet LAR ona cneumduryeckon nokannsaumm paka npons-
Boautcs no ¢opmyne (1). MNpouenypy pacyeta LAR MOXHO
pa3buTb Ha Tpu aTana. MNepBblil 3Tan 3ak/oyaeTcs B pacyete
BO3pacT-cneunduyiHon n3bbITOYHOM Y4acTOThbl AMArHOCTUKM
paka M(D,e,a) opnsa kaxaon n3 15 nokanndaumn. M(D,e,a) aB-
nseTca QyHKUMen Tpex NepemMeHHbIX: NornoweHHOn 003kl B
KOHKPEeTHOM opraHe D, Bo3pacTa Ha MOMEHT 0051y4eHus (e) n
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and EAR are the two different cancer risk estimates of male
stomach cancer for an absorbed stomach dose , at an age of
exposure e and an attained age of a.

To apply the excess cancer risk on populations other than
the U.S., the baseline cancer statistics for the ERR predictions
should be changed. The LAR predictions published by the
EPA [9] were recalculated for a Swedish population, based
on survival rates from the Swedish National Board of Health
and Welfare [14] and cancer statistics from NORDCAN [15].
It should also be noted that cancer risk projections shown
in Fig 2. for environmental exposures are based on survival
functions for normal populations. For specific populations of
patients, e.g., patients suspected to have a life-shorteningill-
ness, the survival fraction S(a) in eq.1 often needs to be modi-
fied. For example, in the data analyzed by Critz et al. [16],
the 10, 15, 20, and 25-year disease-free survival for prostate
cancer treated with brachytherapy and external beam radio-
therapy is 75%, 73%, 73%, 73%, respectively. As the data in-
dicates, no further recurrence was detected between 15 and
25 years, which indicates that no further follow up for this type
of cancer is needed after 15 years to fully evaluate any pros-
tate cancer treatment and that after 15 years patients can be
treated as normal. These assumptions were used to estimate
excess cancer risk for these patients, which will not follow the
same survival rate as a normal population. The survival rates
in the LAR equations has been modified with the longest time
duration age and sex dependent cancer statistics data for the
creation of population specific patient survival rates, as shown
in Fig. 3. The EPA ERR and EAR models with Swedish survival
rates in Fig. 3 were modified to account for the shorter ex-
pected survival for subpopulations of cancer patients as com-
pared to survival rates for standard (relatively healthy) popula-
tions. This shows the effect modification of survival rates for
different groups of cancer patients has on the predicted LAR.
For calculating LAR, the EPA risk models were applied to sur-
vival rates and female incidence cancer data for three groups

05

LAR Male I (USA pop.)
LAR Male [ {Swe. pop.)

0.4

LAR

1ns
@) 03

0.1

0 L L . " .
0 20 40 6l s 100

Age of subject [year]
Fig. 2. LAR incidence as function of the age at exposure for
a Swedish male population based on the last 30 years of Swedish
cancer statistic [15] and a US male population both based on the
risk prediction given by US EPA [9]. All organs are given the same
absorbed dose.

[Puc. 2. 3aBNCUMOCTb NOXN3HEHHOIO aTPUOYTUBHOIO pUcka
0T BO3pacTa npu 06ay4eHnn Ans LWBEACKUX MYXHMH N0 AaHHBIM
LLBEACKOW OHKOCTATUCTUKM 3a nocnegHue 30 net [15] n
aHaNOrMyHblE JAHHBIE J1S aMEPUKAHCKMX MYXYUH, OCHOBAHHbIE
Ha OLLeHKe PUCKOB MO AaHHbIM AreHTCTBA Mo 3aLMTe OKpY>XKaloLLeit
cpenbl [9]. Bce opraHbl noay4mnm oguHakoByO MNOMMOLLEHHYO 003Y]

[OCTUIHYTOro BO3pacTa Ha MOMEHT AMarHOCTMPOBaHMSA paka
(a). CnenytoLLmm 3TANoOM SIBNSETCH YMHOXEHME N30ObITOYHOM
4acTOTbl paka Ha BEPOSTHOCTb AOXWUTUS OT POXAEHUS 00
BO3pacTa a, S(a), HopmMann3oBaHHY0 Ha BEPOSTHOCTb ObITb B
XMBbIX HQ MOMEHT 0051y4eHust. M HakoHeL, Ha TpeTbeM aTarne
NOXM3HEHHbI aTpuOyTUBHLIA puck LAR(D,e),, onpeaenseT-
CS1 NyTeM UHTEerpUpOoBaHNS CKOPPEKTMPOBaHHbIX N30bITOYHbBIX
4acTOT paka No A4OCTUrHYTOMY BO3pacTy B Npeaenax oT BO3-
pacTta Ha MOMEHT 00Jly4eHUs1 C yH4eTOM JTaTEHTHOrO Nepuoaa
B 5 net (2 ropa ansa neikemun) oo 110 net. Taknum o6pasom,
110 S(a)

M(D,e,a) -

LAR(D, €) g0y = Y
Sex = )L S(e+1L)

da (1)

roe D — nornoweHHas 003a; € — BO3pacT Ha MOMEHT 061y~
YyeHus (neT); L — naTeHTHbI nepuog nocne 006ayyeHuns (neT),
nocne KOTOPOro Ha4YHyT NMPOSIBASTLCS CTOXacTUyeckne ad-
dexTbl; @ — [OCTUIHYTLIN Bo3pacT (neT); S(a) n S(e) — Bepo-
SATHOCTWN AOXUTMSA A0 BO3PACTOB & U € COOTBETCTBEHHO.

Mopgucghmkaums Mogenev gns pacyeTa rnoxXu3HeHHOro
aTpubyTUBHOro prcka

Hawwn mopenn pucka paguvoreHHOro paka siBAsioTcs
KoMOMHauunen moaenei, OCHOBaHHbIX Ha N30bITOYHOM abCco-
moTHoM pucke (EAR) 1 n36bITOYHOM OTHOCUTENIbHOM PUCKE
(ERR). Mogenb, ocHoBaHHas uckoumtensHo Ha EAR, noa-
pasyMeBaeT, YTO PafMaLMOHHbIA PUCK OJ1S BbIOPAHHOW rpyn-
Nnbl HaceneHus MAeHTUYeH TakoBoMy ansa LSS-koropTel. B
CBOIO 04epeab, MOAenb, OCHoBaHHas Ha ERR, npegnonaraer,
YTO PaAMaLMOHHBIN PUCK NponopLmoHaneH GOHOBOMY YPOB-
HIO prcKa paka JaHHOM fokanuaaumn B nonynaumm. Komuret
BEIR VII 3akntounn, 4to ana 60/bIMHCTBA I0KanmM3aumin paka
uenecoobpasHo ncnonb3osatb moaens ERR. Cnenyet oTme-
TnTh, 410 MKP3 ncnons3osana mogenu ERR 1 EAR ¢ ognHa-
KOBbIMM B3BeLUMBaKOWMMN KoadduumeHtamm. EPA, B cooT-
BeTCTBUK C pekoMeHgaumsamm Komuteta BEIR VII, npucsonna
B3BELUMBAKOLWNIA KOIPPUUMEHT, paBHein 0,7 mogenn ERR
Ona pakoB GonblUMHCTBA Nlokanuaauuii. Hanpumep, npea-
ckasaHHas N30bIToYHAs YacToTa Pas3BUTMS paka Xxenyaka ans
MY>XX4YMH COCTaBWUT:

M(D, e,a) pate(sey = 0.7 * (ERR(D, €,@) 1 ate(sy * A(a)) +

+ 0.3 % (EAR (D,e,a) I,Male(St)) 2)

rne M(D, e, a) | yae(sry — 30bITOMHAs yacToTa 3a6onesa-
€MOCTW PaKOM XeNyaKa Cpeam MyX4uH; A(a) — GOHOBbIN ypO-
BEHb 3a001EBAEMOCTI PAkoM Xesyaka B Bo3pacTte a; ERR un
EAR - nBa pasnunyHbIX nokasaTens M30bITOYHOro pucka pas-
BUTUS paka Xenyaka oas MyXx4vH npu nornoweHHon Jo3e B
xenyake D B BO3pacTe Ha MOMEHT 06Ny4eHnst €, pacCHUTaH-
Hble OJ19 AOCTUMHYTOro Bo3pacTa a.

Ons npyvMeHeHus1 n30bITOYHOrO pucka PasBUTUS paka
Ona opyrux (He amMepukaHCcKuX) nonynsauuini HeobxoamMmo
MCMonb30BaTh APYrue ypoBHU (GOHOBOKN 3ab0neBaeMocTu
pakoM B MOZeNN N36bITOYHOr0 OTHOCUTENBHOMO pucka ERR.
Pesynbratbl pacyeToB MOXW3HEHHOrO aTpUOYTUBHOrO pu-
cka, onybnukoBaHHble EPA, 6binn nepecymTaHbl Ans LWBeA-
CKOr0 HacesieHus, OCHOBbIBAsICb Ha BEPOSATHOCTSX LOXM-
Tns, nyénukyembix LLIBEACKMM HaLMOHaNbHLIM COBETOM MO
3[10pOBbI0 1 GNArononyynto, U OHKOIOrMYECKON CTaTUCTUKE
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of patients (i.e., healthy, breast, colon and liver). Here the sur-
vival rate for female breast cancer is high while the survival
rate for liver cancer is low.

The survival rates in the LAR equations has been modified
with the longest time duration age and sex dependent cancer
statistics data for the creation of population specific patient
survival rates. The probability of survival rate for age a is cal-
culated as the number of persons alive at year a divided by
the initial persons alive at age 0. The patient specific survival
rates, S(@)pat.spec for e.g. liver are modified for the first five
years after exposure as from:

N(a)* N(a) * ASPs(liver)
S(a)Pat.Spec = N(0) = N(0)

where N(a) and N(0) are the total number of health sex
specific person alive at age a and 0. N(a)* is the total number
of patients live at age a generated by multiplying N(a) with the
annual 5-year survival probability of liver cancer patients. The
results of three different cancer patients are shown in in Fig.
3. The EPA ERR and EAR models with Swedish survival rates
in Fig. 3 were modified to account for the shorter expected
survival for subpopulations of cancer patients as compared
to survival rates for standard (relatively healthy) populations.
This shows the effect modification of survival rates for differ-
ent groups of cancer patients has on the predicted LAR. For
calculating LAR, the EPA risk models were applied to survival
rates and female incidence cancer data for three groups of
patients (i.e., healthy, breast, colon and liver). Here the sur-
vival rate for female breast cancer is high while the survival
rate for liver cancer is low.

3

0.7

——— LAR Female Swe (Colon cancer SR:5 yr)
—— LAR Female Swe (Breast cancer SR:10 yr)
0.6 ——— LAR Female Swe (No cancer)

——— LAR Female Swe (Liver cancer SR:5 yr)
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04\ \
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02r \
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Fig. 3. LAR incidence as function of the age at exposure for a normal
Swedish female population and for three different groups of Swedish
female cancer patients (diagnosed with any stage of, and treated
against colon cancer, breast cancer and liver cancer, respectively).
SR means years of included survival rate. All organs were given the
same absorbed dose.

[Puc. 3. 3aBMCMMOCTb NOXM3HEHHOr0 aTPMOYTUBHOIO prcKa
0T BO3pacTa npu 067y4eHnn 4Jisi HopManbHOro (340P0BOMO)
LLIBEJICKOrO HACeNeHns U AN TPeX pasfnyHbIX Fpynn LWBEACKUX
OHKOBOJIbHBIX XXEHCKOr0 Nosa (C yCTaHOBAEHHbIM AMArHo30M Un
NPOXOAALLUMX NEeYeHNE NPU pake NPSIMON KMLLIKW, MOJIOYHOW Xenesbl
1 neyvexun). SR - roapl y4TEHHOrO Nepunoaa AoxmTus. Bce opraxbl
Noy4nIN OAMHAKOBYIO MOMOLWEHHYIO A03Y]

NORDCAN. CnenyeT OTMETUTb, YTO 3HA4YeHWUsI nokasaTtens
pucka BO3HMKHOBEHMS paka, NPeACTaB/IEHHbIE HA PUCYHKe 2
ons GoHOBOro 0651y4eHns1, OCHOBaHbI HA PYHKLUSX BbIXMBA-
HWS1 N1 HOPMasbHOr O Hacenexus. Ana cneunduyecknx Bbl-
60pPOK NaUMEHTOB (HanNpuUMep, NauneHToB ¢ 3aboneBaHneM,
KOTOPOE CYLLECTBEHHO COKPATUT CPOK XN3HN), BEPOATHOCTb
0oXnTns S(a) B BbipaxkeHun (1) 3a4acTtyio gosixHa ObiTb MO-
onodunumposaHa. Hanpumep, B AaHHbIX, NPOaHaIN3NPOBaH-
Hbix Critz et al., 10-, 15-, 20- 1 25-neTHAA BbIXXMBAEMOCTb
0e3 3aboneBaHNs oNns paka NpocTaTthbl NOCie NPOBEAEHHOro
Kypca ie4eHus C MoOMOLLbIO BpaxmTepanim 1 AMCTaHLUMOHHOM
nyyeBon Tepanum coctasuna 75%, 73%, 73%, 73%, cooT-
BETCTBEHHO. Kak nokasblBaloT AaHHbIE, HUKaKUX PELMONBOB
He OblIno BbiIsBNEHO Mexay 15 1 25 rogamu; Taknum o6pasom,
nocne 15 net HabnoOOEHUS NALMEHTOB MOXHO OTHOCUTb K
rpynne 340poBbiX. [JaHHble NpeanonoxexHms Obiin NCnonb-
30BaHbl O OLEHKM M3ObITOYHOrO pUCKa paka Ans Takux
naumeHToB, BEPOSATHOCTN AOXUTUS KOTOPbIX OTANYAOTCS OT
HOPMaJIbHOrO HaceneHns. BepoaTHOCTN SOXMTUS B Bbipaxe-
HUW 0N1s pacyeTa NoXM3HEeHHOro aTpMOYTUBHOIO pucka 6biin
3aMeHeHbl Ha cneumduyHble AN NonynsumMmM BepPOSATHOCTU
LOXUTUS Ans nauneHToB (puc. 3). [ns atoro 6bina ucnonb-
30BaHa CTaTUCTKNKA MO OHKO3ab01IeBaEMOCTI Cpeau pasnmy-
HbIX NMOJSIOBO3PACTHbLIX FPYynM, OXBaTblBalOLWAs MakCUMasibHO
npoaoXUTENbHBLIN Nepuoa, Bpemenn. Mogenn ERR n EAR,
paspaboTaHHble EPA, ¢ y4eTOM BEpPOSATHOCTEN A0XUTUS ANs
LIBEACKOro HaceneHus Obinnm MoaMPUUMPOBAHbLI C LESbIO
ydyeTa MEHbLUEN OXWUOAEMON BEPOSTHOCTU OOXUTUS ONs
rpynn OHKOMaUMEHTOB MO CPABHEHMIO C BEPOSTHOCTLIO A0-
XUTUS AN CTaHAAPTHBIX (MPakTUYECKM 340POBbIX) NOMyns-
umiA. 3TO NO3BONSET NokasaTb aPPeKT, KOTOPbIN OKa3blBAET
Moandukaums BEPOATHOCTU OOXUTUS ANS Pa3NNYHbIX Fpynn
OHKOMAUMEHTOB Ha MOXW3HEHHBIA aTPUOYTUBHbLIN pUCK. [ng
pacyeTa LAR mopenu pucka EPA 6b1iv NPYMEHEHbI K BEPOSIT-
HOCTSIM 0XWUTUS 1 AaHHBIM N0 3a601eBaEMOCTI PakoM cpe-
OM XEHLMH (340POBbIE, PpaK MOMOYHOW Xenesbl, pak NpsiMon
KULLKW, pak neyeHun). BepoaTHOCTU JOXUTUS B Cryyae paka
MOJIOYHOV Xene3bl BbICOKM MO CPaBHEHWUIO C BEPOSTHOCTAMM
DOXNTUS B CNy4ae paka nevyeHu.

BeposiTHOCTb JOXMTUSA OO BO3pacTa a paccuHnTbiBanacb
KaK OTHOLUEHME 4YMCNa XMBbIX UHONMBMOYYMOB BO3pacTa a K
MCXOOHOMY YMCATY HA MOMEHT poXAaeHus. BeposiTHocTn Ao-
XUTNS, cneumduyHble a0 nauneHToB (Hanpumep, ¢ pakom
neyveHn), S(a)pqrspec s MOAMPULMPOBAHBI AMS1 MEPBbIX NATH
net nocne 06/ly4eHUs B COOTBETCTBUM C BblpaXXEHNEM:

N(a)* N(a) = ASPs(liver)
N(0) ~ N(0)

roe N(a) n N(0) — obuiee KoM4ecTBO 300POBbIX XMBbIX
WHOMBUAYYMOB C Y4ETOM MX MON1a B BO3PACTE @ U HA MOMEHT
pOX[eHWs COOTBETCTBEHHO. N(a)™ — 0bLuee KONM4ecTBO Xu-
BbIX NALMEHTOB B BO3PACTE &, Noly4eHHOEe YMHOXeHneM N(a)
Ha eXerofHyio NATUIETHIO BEPOATHOCTb BbIXXMBAHUS Nauu-
€HTOB C PakOM MeYeHMN.

Peaynbrathl An5 NAUMEHTOB C TPEMS PA3fINYHBIMU Paka-
MU NpeacTaBfeHbl HA PUCYHKE 3.

3)

S(a)Pat.Spec =
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3. Results and discussion

3.1. Changing the cancer base line and survival fractions of
the LAR estimations

A comparison between the LAR (Gy') incidence for a
Swedish male population, based on survival rates from the
Swedish National Board of Health and Welfare [14] and the
last 30 years of Swedish cancer statistic from NORDCAN [15]
and for a US population is shown in Fig 2. Both estimates are
based on risk predictions given by EPA [9]. All tissues received
the same absorbed dose. For newborn, children and adoles-
cents of the Swedish male population, the LAR is lower than
for similar US groups. This is probably due to differences in
cancer statistics. For adult and senior (60+ year) males, there
is no significant difference between the countries. The impact
of any differences in cancer statistics will be less for the el-
derly due to shorter survival.

3.2. Changing LAR estimations from a healthy Swedish
population to a cohort of Swedish patients

In Fig 3 LAR (Gy') predictions are shown for a normal
Swedish female population and for three different groups of
Swedish female cancer patients. The LAR risks are the risk
of receiving a cancer, incidence, for a cohort of breast, co-
lon and liver cancer subjects. All tissues received the same
absorbed dose. The result can be interpreted in two ways.
For colon cancer, patients who have a low probability of sur-
vival, additional diagnostic imaging would have a low impact.
In some cases, examinations are performed on both normal
(healthy) populations and a cohort of a specific (potentially
diseased) patient groups with an average risk somewhere in
between the risk for these two subgroups. Optimization tools
would include as input the fractions associated with each of
these groups.

4. Conclusions

In radiological diagnostics and therapy, it is important that
practitioners and referrers (i.e., radiologists, radiation oncolo-
gists and other health-care professionals) understand the
radiation doses and the associated risk for patients undergo-
ing various procedures. The risk for radiation induced cancer
should be known and considered for all types of medical ex-
posures and patient cohorts, but unfortunately the knowledge
among health care professionals is limited. There is a need to
include both more valid assessments of absorbed dose, and
reasonable estimates of induced number of radiation cancer
cases that would occur later in life for specific patient cohorts.

The most commonly used quantity to estimate the sto-
chastic effects (mainly cancer) in medical radiology is the ef-
fective dose (E). However, LAR estimates offer a more suitable
and direct approach for assessing cancer risk from the expo-
sure to ionizing radiation associated with medical procedures.
For cohorts of Swedish patients, LAR values should be based
on Swedish statistics on survival rates with adjustments to ac-
count for the patient’s health status. Assuming the same ab-
sorbed dose for all organs, LAR coefficients (Gy') for Swedish
males were 0.11,0.068, and 0.038 for ages at exposure 20, 40
and 70 years, respectively; this is lower than the correspond-
ing figures for US males, 0.13, 0.077, and 0.040. For Swedish
females exposed at 40 years of age with a diagnosis of breast,
colon or liver cancer, the LAR coefficients were 0.064, 0.034,

Pesynbratbl n 06cyxpaeHne

ViameHeHve choHoBov 3a6oneBaemMocTy pakom
Y BEPOSITHOCTEN JOXUTYS MPY OLIEHKE MOXU3HEHHOIO
aTpubyTUBHOI0 prcKa

CpaBHeHuve Mexay 3HadeHmsamn LAR (Mp') onsa weencko-
ro0 MYXCKOrO HaceneHusl, OCHOBAHHbIMW Ha BEPOSITHOCTSX
DOXUTUS, Ny6nmnkyembix LLIBeACKMM HauMOHaNbHLIM COBETOM
no 300pO0BbI0 U GNAromnonyynto, 1 OHKONOMMYECKON cTaTu-
ctnke NORDCAN, 1 ans amepukaHCKOro HaceneHus npea-
CTaBNIEHO Ha pucyHke 2. O6e OLEHKN NOyYeHbl MO MOAENN
pucka, paspaboTtaHHoit EPA. Bce TkaHW Nony4nnm ogmMHako-
BYIO MOIMMOLLEHHYIO [03Yy. [Ans WBeaCckUX HOBOPOXAEHHbIX,
heTten n NnoApPOCTKOB MYXCKOro nona 3HadeHus LAR Huxe no
CPaBHEHMIO C aHANOMMYHBIMW aMEPUKAHCKMMK KOrOPTaMU.
OTO MOXET ObITb 0OBSACHEHO PA3NNYNSMU B OHKOJIOMMYECKO
cratucTvke. [Ang B3pOCAOro 1 NOXuaoro HaceneHns 4ocTo-
BEPHbIX Pasnnynii Mexay cTpaHaMun yCTaHOBMIEHO He Oblno.
BnuvsiHne nobbiX pasnnymnii B OHKOIOTMYECKOM CTaTUCTUKE
0719 NOXMNbIX 6yAeT MUHMMANbLHO B CBA3K C 601€€ KOPOTKMM
neproaoM OOXUTUS.

N3meHeHMEe MOXU3HEHHOrO aTpubYTMBHOMO pucka npwu
nepexone OT 340POBOro LWBEACKOr0 HaCeneHus K Koroptam
LIBEACKNX NaLUNEHTOB

Ha pucyHke 3 npeacrtaBneHbl pedynstatel pacyeta LAR
(Mp") AN HOPMasbHOO LUBEACKOr0 XEHCKOro HaceneHns un
OJ19 TPEX PasnnyHbIX rPynn WBeACKUX OHKONOrMYECKMX na-
LIMEHTOB XEHCKOro nona. Bce TkaHM nonyy4mnu OAMHAKOBYIO
NOMMOLLEHHYI0O [03y. Pe3ynbtat MOXHO MHTEPNPEeTUpPOBaThb
OBOSIKO. [Jns paka npsiMOn KULLKM AONONHUTESbHbIE AMarHocC-
TUYECKMEe UCCNenoBaHUsl C NPUMEHEHNEM MOHU3NPYIOLLErO
n3nyyeHns Oyayt cnabo BAUATb HA pPagMaLMOHHbIE PUCKM
B CBSI3W C TEM, YTO Y NALMNEHTOB HU3KME LLIAHCHI BbKMBAHUS.
B HekoTOpbIX Cnyyasx uccnenoBaHus OyayT NpoBOAMTLCS
Kak Ha HOpMasbHOM (300POBOM) HACeNEeHN, Tak N Ha CreL-
nduryeckon koropTe (NoTeHUManbHO OO0JbHbIX) NMALMEHTOB,
CO CPefHUM PUCKOM, Nexalium B AManas3oHe PUCKOB AN
YKa3aHHbIX KOrOpT.

3akno4eHue

B ny4eBo AMarHoCTuKe 1 Tepanuu KpamHe BaXHO, YTO-
Obl MEOMUMHCKUIA MepcoHan (Bpauyu-peHTreHosoru, neva-
LMe Bpayu, paauvaumoHHble OHKONOMM 1 Np.) UMenu npeg-
CTaBfieHME O TOM, Kakyto [03y 06/1y4eHNs NOayymn naumeHT
OT Pa3nNnyHbIX PEHTreHOPaANONIOrMYEeCKUX UccnenoBaHuin
M C KaKMM PUCKOM A5 300POBbsl 3Ta A03a CBsidaHa. Pucku
pPa3BUTUS PAOMOreHHbIX PAKOB LO/MKHbI OblTb M3BECTHbI U Y4-
TEHbI 4J151 BCEX BUAOB JIy4eBOM ANArHOCTUKN 1 Tepanuuv 1 ans
BCEX rpynn naumeHToB. K coxaneHuio, 3HaHNs MeanLIMHCKO-
ro nepcoHasna B AaHHoli o6sacTu orpaHuyeHsl. Heobxoonumo
npoBoAuTL 6onee AOCTOBEPHbIE OLLEHKM MOMOLEHHbIX 003
M OLEHKY BO3MOXHOI0 KONMMYECTBa C/ly4aeB pagmoreHHoro
paka, KOTopble NPOSBATCA B AaNbHENLIEM Y PA3NNYHbIX KO-
rOpT NALMEHTOB.

Hanbonee pacnpocTpaHeHHbIM CNOCOOBOM OLEHKM CTO-
xacTnyecknx ap@ekToB (rnaBHbIM 06pa3om, paka) B Iy4eBoi
JvarHoctuke sensetcs addekTnHas fosa. OgHako MeTos
pacyeTa NoXM3HEHHOro aTpubyTMBHOIO pucka npenfiaraet
6onee NoOXoOsaLWMA U NPSAMON NOAXOA K OLleHKe paamaum-
OHHOMO pucka npuv MeauuUHCKOM 06ayyeHun. Ona koropT
LLIBEACKUX NaUMEHTOB 3HAYEHWSI NMOXU3HEHHOrO aTpnbyTmB-
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and 0.0038, respectively, which is much lower than the LAR
coefficient (0.073) for a 40-year-old female without known
cancer. Appropriate LAR predictions can help improved radia-
tion risk estimates for normal (healthy) populations as well as
for various groups of patients, and simplify the justification
process for referring physicians as well as professionals in
diagnostic radiology, nuclear medicine and radiation therapy.
The information to patients will also be improved.
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