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Epidemiological studies after exposures to ionising
radiation have been performed with large numbers
of individuals. The main studies have been per-
formed with the survivors of the atomic bombing
in Hiroshima and Nagasaki, with persons who re-
ceived radiation exposures from medical indica-
tions (therapy and diagnostics) and with popula-
tions with high exposures from natural sources. The
main studies for the evaluation of risk factors are
coming from Hiroshima and Nagasaki (Pierce D.A.
et al, 1996). There have been published studies on
the incidence as well as on mortality of cancer and
it has been shown that the relative risk of various
cancer entities is very different. The highest relative
risk is observed for leukaemia (relative risk: 5—
6 per Sv), for breast cancer, thyroid cancer (inci-
dence), for lung cancer as well as some cancers of
the gastrointestinal tract.

In these studies it has been found that a significant
increase of cancer occurs after a whole body radia-
tion dose of around 100 mSv and higher (Thomp-
son DE. et al, 1994). At lower doses a significant
increase of cancer mortality can only be observed if
sensitive groups have been studied (young chil-
dren). With a population of all age groups radiation
effects around 100 mSv and lower occur only in
such a low range that the radiation effect is smaller
than the 95% confidence intervals of the spontane-
ous rate of cancer mortality, as the rate of cancer
varies with time, region and other factors. There-
fore the radiation effect cannot be measured in this
low dose range. For these reasons it has frequently
been discussed whether a threshold dose exists for
the radiation induced cancer risk in the low dose
range. The following arguments are brought for-
ward in this connection (Streffer C., 19972):

1. Radiation induced DNA-damage is repaired very
efficiently and therefore the probability for the oc-
currence of radiation induced cancer is reduced.

2. Adaptive processes which have been caused by
small radiation doses increased the cellular resis-
tance and therefore no radiation effects are seen in
the low dose range.

DD DEKTBI BO3AEUCTBUA MOHU3UPYIOIMNX U3JTy4YEHHUI HA
OPraHuU3M U3y4EHBI IPU IPOBEICHUU SIUIEMHUOIOTYEC-
KHX MCCJIEIOBAHNUI HA MHOTOYHCJIEHHBIX KOHTUHI€HTAX
Jnozaet. OCHOBHBIE UCCIIEIOBAHMSA IIPOBEACHBI CPEIM JIULI,
BBDKHBIIINX ITOCJIE ATOMHBIX 60MOAPANPOBOK XUPOCUMBI
n Haracaxu; 0OIy4eHHBIX ITO MEJUITUHCKAM ITOKA3aHHU-
AM (TEPANIEBTUYECKOE WINA JUATHOCTUYECKOE OOJTydEHNE)
1 IPOKUBAIOIINX B 30HAX C OBBIIIEHHBIM PATUAIIMOH-
HBIM (pOHOM. OCHOBHBIE MCCIEJOBAHNA, TTOCBAIIEHHbIE
OLIEHKE (DAKTOPOB PUCKA, IPOBEJCHBI B XUpocume 1 Ha-
racaku (Pierce D.A. et al,, 1996). OryGIMKOBaHbI TAHHBIC
0 9aCTOTE U CMEPTHOCTH OT 3/IOKAYECTBEHHBIX HOBOOO-
pazoBaHui. OTHOCUTEIbHBIE PUCKH PA3BUTHS PA3JIHU-
HBIX 3/I0KaYE€CTBEHHBIX 3100/ICBAHNUH 3HAUNUTEIbHO OTIIH-
4at0TCs. HanbonbIINi OTHOCUTENBHBIN PUCK BO3HUKHO-
BEHIISL JIEMKeMUN (5—06 Ha 3B), paka IPy/H, IUTOBUHOM
JKEJIE3B, JIETKUX U HEKOTOPBIX (POPM paKa MHUILEBAPU-
TEJILHOTO TPAKTA.

OOGHAPYKEHO, YTO BCJICACTBUE OOYUYCHUS BCEI'O TENA B
J103€ OKOJIO 100 M3B 1 60J1€€ 3HAUUTEJIbHO ITOBBIIIACTCS
yacrora pazsutuA paka (Thompson D.E.etal,, 1994). 3na-
YUTEIBHOE MOBBIIIEHUE CMEPTHOCTU BCJIE/ICTBUE PAKA,
OOYCIIOBIIEHHOI'O OOJIYYEHHUEM B MEHBIIHX JI03aX, MOX-
HO OTMEYATh TOJIBKO IIPH HCCIIEJOBAHUN YYBCTBUTEIIb-
HBIX I'DYII (A€TH MJIAALIErO BO3PACTa). B momyisnummy,
BKJIIOYAIOMIEN BCE BO3PACTHBIE T'PYIIIILL, (P(MEKTHI OOIY-
4eHus B 032X 100 M3B 1 MEHEE PA3BHUBAIOTCA TAK PEJIKO,
YTO OHU HE IIPEBBIIAIOT 95% UHTEPBAJIA JOCTOBEPHOCTHU
YACTOTBI CMEPTH OT CITOHTAHHOI'O PAKA, TAK KAK 4ACTOTA
paka 3aBUCHUT OT BPEMEHHU U PETMOHA UCCIEOBAHUS, 4
TAKKE JIPYTUX (PAKTOPOB. TAKUM 06pa30M, PATUAITMOH-
HbIE 3(PPEKTHI HE MOI'YT ObITH OIICHEHBI IIPH MAJIBIX J10-
3ax. [T0O9TOMy 4aCTO BO3HUKAIOT JUCKYCCHU O HATUYUU
IOPOTa PA3BUTHS PAKa IIPU OOJIyYEHUH B MAJIBIX J1034X. B
HamieM uccneaosanuu (Streffer C, 1997a) 060CHOBaHBI
CJIEYIOIIME TOJIOKEHUS:

1. PagyaniuOHHO-UHAYLIMPOBAHHDIEC TOBpexaeHusa JHK
3(PPEKTUBHO BOCCTAHABINUBAIOTCS U BEPOATHOCTD PA3BU-
TUS PAAUALITMOHHO-UHAYIIUPOBAHHOI'O PAKA CHUKACTCSL.

2. AmanTUBHBIN IIPOLIECC, BBI3BAHHBIN MAJIBIMU JO3AMU
OO6JIy4EHUA NOBBIIIACT KICTOYHYIO PE3UCTECHTHOCTD U I10-
ITOMY BO3AECHUCTBUE MAJIbIX J]O3 HE IIPUBOJUT K PA3BUTUIO
PaganOHHBIX 3(PPEKTOB.
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3. Apoptotic processes remove damaged cells from
the irradiated tissues and therefore the probability
for cancer risk decreases.

4. For the development of cancer several mutational
steps are necessary. These phenomena lead to a reduc-
tion of the probability for radiation induced cancer rates.

On the other hand many cellular and molecular bio-
logical studies have demonstrated that alinear dose—
effect curve without a threshold dose holds true for
the induction of chromosomal aberrations and radi-
ation damage to the DNA. Although DNA damage is
apparently involved in this initiation of cancer induc-
tion an increased DNA-repair will only decrease the
slope of the dose-effect-curve but will not lead to a
threshold. For adaptive response it has been shown
thatvery distinct and defined experimental conditions
have tobe used in order that an adaptive response can
be observed. Further the genetic predisposition is very
important in this connection. Therefore adaptive re-
sponse is not a general principle for radiation effects.
Forapoptosis there exists no evidence thatit really can
avoid cancer with a strong efficiency. Under these cit-
cumstances a linear dose—effect curve without a
threshold remains as the best description or cancer
risk in the low dose range although this risk cannot
be measured by epidemiological studies as pointed out
above. From such a dose—effect curve risk factors can
be evaluated. Mainly on the basis of the studies in
Hiroshima and Nagasaki a risk factor of 107! Sv!
has been estimated for acute radiation exposure
(UNSCEAR, 1988) and of 5¢10-2 Sv~! for chronic ex-
posures (ICRP Publication 60).

Inanumber of studies it has been clearly shown that
especially for mammary carcinomas as well as for
thyroid cancers a strong age dependence exists.
Children and young persons are more radiosensi-
tive with respect to cancer induction than older
persons. This has been shown for survivors in Hi-
roshima and Nagasaki, for a number of patient
groups and also for the children with thyroid can-
cers after the reactor accident in Chernobyl. The
dose—effect relationship in these very radiosensi-
tive groups clearly support the linear dose concept
without a threshold (UNSCEAR, 1994).

Further it has been shown during the last two de-
cades that a number of persons have a high radio-
sensitivity which is coupled to genetic predisposi-
tion (Streffer C., 1997b). A number of genetic syn-
dromes have been described. In these patients a
repair deficiency and changes in cell cycle regula-
tions can be observed which support the develop-
ment of a cancer induction. In these patients the
cancer risk can be increased by a factor of 5 to 10.
However these studies have not been performed
with low radiation doses up to now. Most informa-
tion originates from studies of secondary cancers
after radiotherapy for primary childhood cancer
(retinoblastoma, Wilms-tumour, Morbus-Hogkin).

3. Beiencrsue anomnTosa yaaaaioTCa HOBPEXAEHHDIE
KJIETKU M3 OOJYUYEHHBIX TKAHEH U, CJIEJOBATEIBHO, CHU-
JKAETCSI PUCK PA3BUTHS PAKA.

4. 17151 pa3BUTUS pAKa HEOOXOANMO HECKOJIBKO MYTAIIHH.
3a cyer AJaHHOro PEHOMEHA CHUKAETCS BO3MOXKHOCTD
Pa3BUTUS PAAUALTOHHO-UHAYIIHPOBAHHOI'O PAKA.

C Apyror CrOPOHBL, PE3Y/IBIaThl MHOI'MX UCCIEJOBAHULM,
OPOBEJEHHBIX HA KIETOYHOM U MOJIEKYJIPDHOM YPOB-
HSX, CBUZIETENIbCTBYIOT, YTO /I MHAYKIIUH XPOMOCOM-
HBIX a6€ppaLi U PAIUAIUOHHOrO noBpexaenus JHK
CYIIECTBYET O€CIOPOTOBAA JTMHEHNHASA 3aBUCUMOCTD
no3a—addekr. Xord nospexaenue JTHK, BEposATHO, BO-
BJIEKAETCA B MTHULIMAIIUIO UHIYKIIUU PAK4, [IOBBIIIEHUE
penapanuu JHK IpruBOAUT K YMEHBIIEHUIO YITIA HAKIIO-
H4 JIMHUU 3aBUCUMOCTHU /1032—3(P(PEKT, HO HE K BO3HHK-
HOBEHHIO nopora. g pasBUTUA aalITHBHOIO OTBETA
HEOOXOIMMBI OCOOBIE YCJIOBUS. B 9TOM CBA3U BAXKHBIM
(PaKTOPOM SABJIAETCSA U TEHETUYCCKAS IPE/IPACIIONOKEH-
HOCTB. CJIE/IOBATENIBHO, 4/TAaIITUBHBIN OTBET HE OTHOCHUT-
Csl K OOIIMM MEXAaHH3MaM PA3BUTHS PAAUAITMOHHBIX
a(ppekToB. Taxke HE JOKA3AHO, YTO ANOIITO3 NPEJOT-
BPAIIAET PA3BUTHE PaKa. B CBA3U C 3TUM GECIOPOrOBast
JIMHENHAA 3aBUCUMOCTD 1032—3(P(OEKT HANITYyUIIUM
06pPA30M XAPAKTEPUSYET PUCK PA3ZBUTHS PAKA IIPU Ma-
JIBIX 103X, XOTS 3TOT PUCK M HE MOXET OBITh U3MEPEH
PU AMHUJIEMHOJIOIMYECKUX UCCIEA0BAHUAX. [10 JaHHBIM
3aBUCUMOCTH JJO3a—3(PPEKT MOKHO OLEHUTD (DAKTOPHI
pucka. ITo pesynsraraM MCCIeA0OBAHN, ITPOBEAEHHDBIX
IJIABHBIM OOpa3oM B XupocuMme 1 Haracaxku, O1ieHEHbI
(akropsl pucka: 107! 387! — 11 OCTPOro O6IyIEHUS
(UNSCEAR, 1988) 11 51072 3B~! — 11 XpOHUYECKOTI'O
(ICRP Publication 60).

B psaze nccnenoBanni BBIABIEHA JKECTKASA 3ABUCHMOCTD
Pa3BUTHA PAKA I'PYAN U IIUTOBUTHOM JKEJIE3BI OT BO3PAC-
Ta. J€TH 1 NOAPOCTKU ABIAIOTCA OOJEE PAJIUOIYBCTBH-
TEJIbHBIMH B OTHOIIIEHUY PA3BHUTUA PAKA, YEM JIULIA CTAP-
HIErO BO3PACTA. DTH JIAHHBIE ITOJIyYE€HbI IPU UCCIIET0BA-
HUU JKEPTB ATOMHBIX OOMOAPAHUPOBOK B XHPOCUME U
Haracaxwy, rpymiIl IarueHTOB, 4 TAKKE JETEH, OOIbHBIX
PAKOM U TOBU/IHOM KEJIE3bI, PA3BHUBIIEMCs ITOCIIE Yep-
HOOBLIBCKOM aBapuH. CBA3b MEXY 1030 U 3(PPEKTOM B
BBICOKOPAIMOYYBCTBUTENILHBIX T'PYIIAX MOATBEPKIACT
OECTIOPOTOBYIO JTUHEHHYIO KOHIIEOIIUIO 3dBUCUMOCTH
no3a—apdexrr (UNSCEAR, 1994).

ITo paHHBIM, OITyOJIMKOBAHHBIM 34 1ocieanue 20 JeT, B
psie CJIydaeB BBIABISIIOT TEHETUYECKYIO MTPEAPACIIONO-
JKEHHOCTDb K BBICOKOM PaJUOYyBCTBUTEIBHOCTU (Stre-
ffer C,, 1997b). OnucaH psiji TEHETUYECKUX CUHPOMOB.
V TaKUX DAITUEHTOB HAOIIOAAIOT CHIYKCHHUE PEITAPATHUB-
HBIX BO3MOKHOCTCH X U3BMEHEHUSI PETYIISIITAUN KIICTOYHO-
IO UKJIA, YTO CIIOCOOCTBYET UHAYKIIUH paKa. PUCK pa3-
BUTHUA PAKA MOKET NOBBIMIATHCA B 5—10 pa3. OpHaKO no-
JIOOHBIE UCCIJIEJOBAHUS HE TIPOBOAMIIN IPU OOJIyYEHUH B
MAJIBIX JI032X. BOJIBITMHCTBO JJAHHBIX ITOJIyYEHbBI IPU 00-
CJIEIOBAHUN OOJIBHBIX BTOPUYHBIM PAKOM, BOZHUKIIIUM
II0CJIE PAHEE IPOBEJACHHON PAJUOTEPAIIMU T10 ITOBOAY
PAa3BUBIINXCS B IETCTBE PETUHOOGIACTOMBI, OITYXOJIHN
Bunbmca, 601e3HM XO/KKUHA.
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The described mechanisms are supported by cellu-
lar and molecular studies on cells from those patients
with a genetic predisposition 2 vitro. Experimental
studies have also demonstrated that genetic instabili-
ty can be induced after irradiation. In most cases these
studies have been performed with chromosomal
aberration. It has been found that such chromosomal
aberration are formed many cell generation later
than the radiation exposure had occurred. The
mechanism of the induction of genomic instability
isunclear up to now. However, it could be very pow-
erful mechanism for the induction of cancer.

Itis generally accepted today that the development
of cancer is a multistep mutational event. Therefore
it appears very plausible that the induction of ge-
nomic instability increases the mutation frequency
in damaged cells and therefore can promote the
further steps for cancer development. The evalua-
tion of these mechanisms are certainly very desira-
ble in order to solve the open questions for the in-
duction of cancer. The most urgent problem cer-
tainly is the question of a threshold, as all risk
estimates in the low dose range are based on this
concept. Risk estimates could be further facilitated
by specific mutation patterns after radiation expo-
sures and their recognition. Studies with thyroid
cancer (RET-rearrangements) and bronchial carci-
nomas (p53 mutations) give some indications.
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DTU MEXAHU3MBI TIOTBEPKAAIOTCS JTAHHBIMU HCCIICIO-
BAHUI HA KJICTOYHOM 1 MOJIEKYJISIPHOM YPOBHSIX 72 Vil1r0
Y HAIIMEHTOB C TCHETUYECKOH ITPEPACIIONIONKEHHOCTBIO.
B aKcepuMeHTE YCTAHOBJICHO, YTO I€HETUYECKAST He-
CTA0WIBHOCTb MOKET UHYIIMPOBATHCS TTOC/IE OOyUe-
HUA. B OOJIBIIMHCTBE CJIYYA€B HAOMIOAAIN XPOMOCOM-
HBIE a6€PPALTUU. DTU XPOMOCOMHBIE a6epparuu pop-
MUPYIOTCSI MHOTUMHU KJIETOYHBIMU I€HEPALUSIMU B
OTAAJIEHHBINA IIEPUOJ, TTOCJIE OOTydYeHMSA. MEXAHU3M UH-
JYKIIMU HECTAOMJIBHOCTU I'€HOMA /IO CHUX IOP HEACEH.
OJIHAKO OH MOXKET OKA34ThCA BECbMA 3HAYUTEILHBIM IS
WHJYKIIUY PAKA.

IIpu3HAHO, YTO PA3BUTHE PAKA ABJIACTCA MHOI'OCTYIICH-
YATBIM IPOLECCOM MyTaIUI. TaKM 0Opa30M, OYEHB Be-
POSITHO, YTO MHAYKIIAA HECTAOWIBHOCTU F€HOMA ITOBbI-
LIA€T BO3HUKHOBEHUE YACTOTHI MyTALIMU B IIOBPEKICH-
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MaJIBIX JJO34X OCHOBBIBAIOTCS HA JAHHOM KOHILICIILIVH.
O6J1erYnThb OLIEHKY PUCKA B JAJIbHEUIIIEM MOYKHO 34 CUET
BBISBJICHUS CIIELM(PUUECKOTO XaPAKTEPA MyTAIHH, BO3-
HUKIINUX [OCIE O6IydeHHUs. Pe3yIbTaThl UCCIIEJOBAHUS
PaKa NUTOBUIHOM KeJ1e3bl (RET-IEPECTPOUKN) U PAKa
OPOHXOB (MyTALUMs I'€HA P53) AAIOT 1A 9TOTO HEKOTO-
PblE€ OCHOBAHMUA.

H.G. Menzel (Eds.). Microdosimetry. An Interdisciplinary
Approach. The Royal Society for Chemistry, 1997a,
pp. 217-224.

Streffer C. Genetische pradisposition und strahlen-
empfindlichkeit bei normalen geweben. Strahlenther.
Onkol., 1997b, 173, 462—-468.

Thompson D.E, MabuchiK, Ron E, Soda M, Tokunaga M,
Ocbhikubo S, Sugimoto S, Ikeda T, Terasaki M, [zumi S, Pres-
ton D.L.Cancer incidence in atomic bomb survivors. Part II:
Solid tumours, 1958—1987. Radiat. Res., 1994, 137, 17—
67.

UNSCEAR: Sources, Effects of Ionizing Radiation. Unit-
ed Nations, New York, 1988.

UNSCEAR: Sources, Effects and Risks of Ionizing Radia-
tion. United Nations, New York, 1994.




