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US Mortality, 2000

No. of % of all
Rank Cause of Death deaths deaths

1.  Heart Diseases 710,760 29.6

2. Cancer 553,091 23.0
Cerebrovascular diseases 167,661 7.0
Chronic lower respiratory diseases 122,009 5.1
Accidents (Unintentional injuries) 97,900
Diabetes mellitus 69,301
Influenza and Pneumonia 65,313
Alzheimer's disease 49,558
Nephritis 37,251

Septicemia 31,224

US Mortality Public Use Data Tape 2000, National Ce nter for Health Statistics,
Centers for Disease Control and Prevention, 2002.




2003 Estimated US Cancer Deaths*
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Non-Hodgkin lymphoma
Leukemia

Esophagus

Liver/intrahepatic
bile duct

Urinary bladder
Kidney
All other sites

Men
285,900

ONS=0Other nervous system.

*Excludes basal and squamous cell skin cancers and i

Source: American Cancer Society, 2003.
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2003 Estimated US Cancer Cases*

Prostate

Lung & bronchus
Colon & rectum
Urinary bladder
Melanoma of skin
Non-Hodgkin lymphoma
Kidney

Oral Cavity
Leukemia
Pancreas

All Other Sites

*Excludes basal and squamous cell skin cancers and i

Men
675,300

Source: American Cancer Society, 2003.

Women
658,800

Breast

Lung & bronchus
Colon & rectum
Uterine corpus
Ovary
Non-Hodgkin lymphoma
Melanoma of skin
Thyroid

Pancreas

Urinary bladder
All Other Sites

n situ carcinomas except urinary bladder.




Cancer Death Rates*, for Women, US, 1930 -1999
Rate Per 100,000

Breast

Pancreas

*Age-adjusted to the 2000 US standard population.
Source: US Mortality Public Use Data Tapes 1960-19 99, US Mortality Volumes 1930-1959,
National Center for Health Statistics, Centers for Disease Control and Prevention, 2002.




Analyse van epidemiologische data

Disease

Exposure Yes No

Yes a b

No C d

Frequentie van ziekte onder blootgestelden: R, =a/(a+ b))

Frequentie van ziekte onder niet-blootgestelden: R,=c/(c+d)




Analyse van epidemiologische data

RR relatief risico

mate van effect bi|_blootgestelde personen
mate van effect bij niet blootgestelde personen

ERR excess relative risk
ERR=RR — 1

EAR excess attributive risico
— maat voor aantal effecten , toe te schrijven aan blootstelling

EAR = ERR x baseline




Analyse van epidemiologische data

> R, = frequentie zonder blootstelling
> R, = frequentie met blootstelling (exposure)
> R.— R, = verschil in frequentie

Excess Absolute Risico EAR = R, — R,

Relatieve risico RR=R, /R

Excess relatieve risico = bijdrage aan RR door blootstelling

ERR=RR-1=(R,/Ry)-1=(R,—R,) /R,
ERR=EAR/R, EAR=ERRXR,




Epidemiologische data

National Academies Division on Earth and Life Studies — USA

Radiation Effects Research Foundation (RERF) — JPN / USA
WWW.Ierf.or.[p

Board on Radiation Effects Research (BRER)
www /. nationalacademies.org/brer/index.html

RERF laboratory — Hiroshima, Japan




Epidemiologische data

> RERF - LLS Life Span Study overlevenden Hiroshima
& Nagasaki
o 165D Tentative 1965 Dose
o« DS86 Dosimetry System 1986
o« DSO02 Desimetry review 2002

> medische toepassingen

e X -ray therapie
o radium - injectie
> beroepsmatige blootstelling

o radium painters, uranium  mijnwerkers
o radiologen en rontgentechnici

> nucleaire ongevallen
o Marshall'lslands: - fall out
o Tjernobyl




Epidemiologische data

HEALTH EFFECTS OF

> DS86 1OV IEVELS OF

: [ONIZING
o« Dosimetry System 1986 RADIATION

. BEIR V (1990)

> DS02
L DOSImetry SyStem 2002 FROM EXPOSURE TO

» BEIR VII (2006) et

RADIATION

BEIR VII PHASE 2

HEALTH RISKS




Epidemiologische data

TABLE 6-1 Number of Subjects, Solid Cancer Deaths, and Noncancer Disease Deaths by Radiation Dose

DSEG Weighted Colon Duse (Svi@

Total 0 (<0.005) 0005 0,1 0,102 0.2-0.5 0.5-1.0 1.0-2.0 2.0
MNMumber of subjects 6,572 17458 J1650 5,732 6,332 3,199 1613 485
Solid cancer deaths ( 1950- 1997T) 9335 1K 32n G6HE Th3 438 X714 52

Nomcancer disease deaths ( 19540-1997) 31,881 135852 11633 2163 i413 1161 Sy 163

These categories are defined using the estimated dose w the colom, obtaingd as the sam of the Fray dose w the colon plus 10 tmes the seutron dose 1o e

colom.

SOURCE: Based on data from Preston and others ( 2003,

Risico op kanker: A (C, S, 4, b)[1+ ERR(S, e, a,t, d)]

achtergrond bij geen dosis en is afhankelijk van
stad

geslacht

huidige leeftijd

geboortejaar

leeftijd ten tijde van de blootstelling
tijd sinds blootstelling (t = a-e)




Dosis respons

Excess Relative Risk

10 15 20 25
Colon Dose (Sv)

FIGURE 6-1 Solid cancer mortality dose-response function averaged over sex for attained age 70 after exposure at age 30, The solid straight
line is the lincar slope estimate, the points are dose-category-specific ERR estimates, the dashed curve is a smoothed estimate denved from

the points. Datted curves indicate upper and lower one-standard-ermor botlnds on the smoothed estimate. SOURCE: Reproduced with permis-
sion from Preston and others (2003,

Conclusie BEIR VII;

“... the risk would continue in a linear fashion at lower doses without
a threshold and that the smallest dose has the potential to cause a small risk

To humans. This assumption is termed the linear no-threshold model”. i




Dosis respons

"LOW DOSE RATE" __
SLOPE of E!.‘__..--" —_

— " "\\CURVE D"
LIMITING SLOPE FOR

INDUCED INCIDENCE ——>

ABSORBED DOSE —>

ex and high dose rates (curve

ental” poinis and the origin

the esse; near porl . ses. The dashed curve C, 1 e rate,” slope O, . nepresents

experimental high-dose data oblained at low dose mtes. SOURCE: Reproduced with permission of the National Council on Radiation
Protection and Measuremenis, NCRP Report No. 64 (NCRP 19800,

Low dose response: E = aD + D2

For extrapolating data from acute high-dese-rate experiments to results expected
for lew doses and lew-dese-rate experiments, the dose and dese-rate efiectiveness

factor DDREE is given by:

DDREE = o / @




Dosis respons

DDREF geeft een reductie factor voor kansschattingen bij lage dosis en laag
dosistempo op basis van kansschattingen bij hoge desis en hoog desistempo

1977 UNSCEAR 2,5

1980 BEIR || 2.25
1986 UNSCEAR )

1988 UNSCEAR 2-10
1990 BEIR V 2 of meer
1991 ICRP 60 2

2006 BEIR VI 2

2006 ICRP 99 2




Hormesis?

Hormesis (Grieks: 'prikkeling') is het biologische effect dat een stof die in
hoge dosis schadelijk is, bij lage dosis positieve effecten kan hebben.

Linear model v hormesis

Linear, no-threshold (LNT)
assumption: only zero dose
carries no extra risk

Hormesis: cancer
risk lower than
normal after very

; :
low radiation dose_~~ Threshold’ dose,
S > above which the

cancer risk is
higher than the
background level

—— o mm mm mm mm . mm e e o e = e e e o = e mm m wm mm w— e

Cancer risk

‘Background’ risk from all causes of cancer

Radiation dose

BBC Focus, October 2007




Hormesis?

Inoculation is established medicine, but could it really apply to radiation?

The benefits of inoculation are known - could
low radiation doses have a similar effect?




Hormesis?

BEIR VII: “The possibility that low doses of radiation may have beneficial
effects (a phenomenon often referred to as “hormesis”) has been the subject
of considerable debate. Evidence for hormetic effects was reviewed, with
emphasis on material published since the 1990 BEIR V study on the health
effects of exposure to low levels of ionizing radiation. Although examples of
apparent stimulatory or protective effects can be found in cellular and animal
biology, the preponderance of available experimental information does not
support the contention that low levels of ionizing radiation have a beneficial
effect. The mechanism of any such possible effect remains obscure. At this
time, the assumption that any stimulatory hormetic effects from low doses of
lonizing radiation will have a significant health benefit to humans that exceeds
potential detrimental effects from radiation exposure at the same dose is
unwarranted.”

Vergelijkbare statements zijn gedaan door:

United States National Research Council

National Council on Radiation Protection and Measurements

United Nations Scientific Committee on the Effects of Atomic Radiation




Atomic bomb survivor studies

il

50 To 90
Aftained Age
(solid black line) and attained-age-con i {dashed lines) forms, for age-at-exposure groups (-9, 10-19, 20-39

40+, ERR estimates for women ane about 25% greate RR estimates for men 25% lower, than the values shown. Right panel: fitted
EAR estimates for the same dose groups. There is no evidence of significant sex differences in the fited EAR. SOURCE: Reproduced with




Atomic bomb survivor studies

All =olid tumors
Oral cavity
Esophagus
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FIGURE 6-4 Excess relative risk at 1.0 Sv (RBE 10) for solid cancer incidence and 95% confidence interval, 1958-1987. SOURCE:
Reproduced with permission from Thompson and others (1994,




Atomic bomb survivor studies

TABLE 12-4 Baseline Lifetime Risk Estimates of Cancer TABLE 12-5A Lifetime Attributable Risk of Solid Cancer Incidence
Incidence and Mortality

Malcs Females

Incidence Momality LAR Based LAR Based Combined and LAR Based LAR Based Combined and
on Relative on Absoluic Adjusted by DDREF®  on Relative on Absoluic Adjusted by DDREF
Cancer site Males Females Males Females Cancer Site Risk Transport®  Risk Transport™  (Subjective 95% C1)  Risk Transport®  Risk Transport®  (Subjective 95% CF)

| Solid cancer? 45500 36900 22000 (11} 17500 {11} ““;:‘1::“]. . A o o 1305, 390)

d 'y L w e i TS Fda i BEY AR gy ‘:uh\n Iﬂ’ rfnf‘_ m’, Iu] % r“ zﬂjl
Colon 4,200 4200 2200 (1) 2000410y Liver 27 (4, 180) 9 85 1201, 130

Liver el 280 490 {13y 260 {12} Lung 140 (50, 380) T4 00 (120, TR
Lung 7700 5400 700 (12} 4600 (14) Breast SI0Notused 460 310 (160, 610)
Breast — 12000 = 3000 (15) Prostate 44 =0, 1860)

Lherus 19 Bl 20 0=, 131)
Prostate 15, 3,500 (B) - Ovary &6 47 40(9, 170)

Uterus — 3000 = 750 (15) Bladder 160 120 98 (29, 334 160 100 04 (30, 200)
Chvary 1 S0M) GBO (14) Onher 470 350 290 (120, 680) 30 290 (120, 680)

Bladder 3400 [NILH T (9) 350 (100 Thyroid 2 Mo mdel e Mo miodel i (||
Oither aold cancer 12, 506) £ 80 G800 (13} 0100 {13 Sum of site-specific estimates 1400 1310F L] 2061F 13100

G0}

Thyroid 230} ] 40 {1 &0 {12 All solid cancer modelf 1550 1250 il 92101) 1880
Leukemia R S TID {12} 230 {13%)

MNOTE: Mumber of cases per | (0L persons of mixed ages exposed o 0.1 Gy.

MOTE: Mumber of estimated cancer cases or deaths in population of “Lincar L‘il:ln'lﬂll: based on ERR models shown '!n 'll'.nhlc 12-2 m:lh no DDREF adjustment.
00,0 (Mo, of years of Like lost per death), "T.m.uar l:llmﬂl,.' hased on T.:.AH models shown in |:|I_‘|||: I.z-z with no nlnRF.I'- adjustment, ) . .

“Estimates obtained as a weighted average (om a logarithmic scale ) of extimates based on relatdve and absolute risk iranspon. For sites other than lung, breast,
a%aolid cancer incudence catimates. exclode :h}-m.d and ponmelanoma skin and thyroid, relative nisk tmnsport was given a weight of 0.7 and absolute risk tmaspon was given a weight of (L3, These weights were reversed for lung cancer,
Models for breast and thyroid cancer wene based on data that included Caucasian subjects. The resulting estimates were reduced by a DDREF of 1.5,

'rlm_'ludiuﬂ unu,'rl;u'nl,' frown snmpllmﬁ \':lriill\’;li.[}', 1r.mspnrl_ and DORER, SHIIIFIIDH IlLl:l":lilll:,: in 11w ]mmlln;lq:n. Illa[t]unnlify l|'m Jluldil'!.'ing n;"culs. aof age
at exposure and attained age is not incleded except for the all solid cancer model.

“Includes thyroid cancer estimate based on ERR model.

fincludes breast cancer estimate based on EAR model.

FEstimates based on model developed by analyzing LSS incidence data on all solid cancers excluding thyroid cancer and ponmelanoma skin cancer as a
single category. See Table 12-1.

CAMCCTS.




Atomic bomb survivor studies

Gelijkmatige totale lichaamsblootstelling met 100 mSy effective dose
Incidentie van kanker / morbiditeit

Solide tumoren

Leukemie

mannen

\/rouwen

mannen

Viouwen

Aantal nieuwe gevallen van kanker
zonder blootstelling per 100.000

Z15%510]0)

37.000

830

590

Risico op kanker zonder blootstelling

455/1000

370/1000

8/1000

6/1000

Extra aantal bij blootstelling 100 mSyv

610/0)

1300

100

70

95% betrouwbaarheidsinterval

400-1600

700-2500

30-300

20-250

Toegevoegd absoluut risico bij
blootstelling aan 100 mSv

8/1000

13/1000

1/1000

0,7/1000

Toegevoegd relatief risico bij
blootstelling aan 100 mSv

2%

3,9%

12%

95% betrouwbaarheidsinterval

1-4%

2-7%

4-40%

Verdubbelingsdoesis — Doubling Dose
mSy

5.000

3.000

850

95% betrouwbaarheidsinterval

2.000-11.000

2451 0525510)0) 23




Atomic bomb survivor studies

Gelijkmatige totale lichaamsblootstelling met 100 mSy effective dose
kankersterfte / mortaliteit

Solide tumoren

Leukemie

mannen

\/rouwen

mannen

Viouwen

Aantal nieuwe gevallen van kanker
zonder blootstelling per 100.000

22.100

(10]0]

710

530

Risico op kanker zonder blootstelling

221/1000

175/1000

7/1000

5/1000

Extra aantal bij blootstelling 100 mSyv

410

610

70

10)

95% betrouwbaarheidsinterval

200-830

300-1200

20-220

10-190

Toegevoegd absoluut risico bij
blootstelling aan 100 mSv

4/1000

6/1000

0,7/1000

0,5/1000

Toegevoegd relatief risico b
blootstelling aan 100 mSv

2%

3,5%

10%

95% betrouwbaarheidsinterval

1-4%

2-1%

3-35%

Verdubbelingsdosis — Doubling Dose
mSy

5.000

3.000

1.000

95% betrouwbaarheidsinterval

2.000-11.000

300-3.000




Atomic bomb survivor studies
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FIGURE PS-4 In a lifetime, approximately 42 (solid circles) of
1M people will be diagnosed with cancer (calculated from
Tahle 12-4 of this reporth. Caleulations in this report siiggest that
approximately one cancer (star) per 100 people could result from a
single exposure to (.1 Sv of low-LET radiation above background,




Borstkanker

Radiation Effects on Breast Cancer Risk: A Pooled Analysis
of Eight Cohorts

Dale L. Preston,”! Anders Mattsson,” Erik Holmberg,© Roy Shore,” Nancy G. Hildrethe and John D. Boice, Jr.”

@ Department of Statisti adiati fects Research Foundation, Hiroshima, Japan; * Institute of Oncology-Pathology, Karolinska Hospital,
171-76 Stockholm, 2den,; < Onc +, Sahlgrenska Hospital, 413-45 Gothenburg, Sweden; ! Department of Environmental Medicine,
School of Medicine, New York University, 650 First Avenue, Room 534, New Yor » York 10016-3240; < Department of Community and
Preventive Medicine, University of School of Medicine, 601 Elmwood Avenue, Roche. , New York 14642; and / International Epidemiology
Institute, 1455 Research Boulevard, Suite 550, Rockville, Maryland 20850 and Department of Medicine,

Vanderbilt Medical Center, Nashville, Tennessee 37232

protracted exposures. There is also a suggestion that women
Preston, D. L., Mattsson, A., Holmberg, E., Shore, R., Hil- with some benign breast conditions may be at elevated risk of
dreth, N. G. and Boice, J. D., Jr. Radiation Effects on Breast radiation-associated breast cancer. © 2002 by Radiation Research Socicty
Cancer Risk: A Pooled Analysis of Eight Cohorts. Radiat. Res.
3 00




Borstkanker

Population Size, Breast Cancer Cases, Woman-Years, and Radiation Dose by Cohort

Exposed Woman- Mean dose
Cohort Abbreviation Country Women® breasts? Cases” years? (Gy)- (range) Type of exposure

Life span study (LSS) Japan 47,726 38,010 707 1,182,306 0.3 Atomic bomb radiation; vy rays with
(0.02-5) a small neutron component; single
high-dose-rate exposure
Massachusetts original (TBO) UsS 1494 1608 44,616 1.0 Repeated chest fluoroscopies (X
(0.02-6) rays); many low-dose fractions at
high dose rates
Massachusetts extension (TBX) UsS 45410 0.7 Repeated chest fluoroscopies (X
(0.02-5) rays); many low-dose fractions at
high dose rates
New York mastitis (APM) UsS 35,585 38 175-250 kVp therapeutic X rays;
(0.6—-14) small number of high-dose-rate
fractions
Rochester thymus (THY) UsS 59,222 0.7 80-250 kVp therapeutic X rays;
(0.02-7.5) small number of high-dose-rate
fractions
Benign breast disease (BBD) Sweden 3034 63,417 5.8 170-175 kVp therapeutic X rays;
(0.02-50) small number of high-dose-rate
fractions
Gothenburg hemangioma (HMG) Sweden 7469 11,115 169,635 0.17 External y radiation from 2°Ra ap-
(0.02-22) plicators; mainly protracted low-
dose-rate exposures
Stockholm hemangioma (HMS) Sweden 9613 12,059 246,242 0.52 External y radiation from **°Ra ap-
(0.02-35) plicators; mainly protracted low-
dose-rate exposures

Total 77527 69,921 1,846,433

@ Total for exposed and unexposed women in the cohort.
> Total number of breasts exposed to at least 0.02 Gy.
¢ Values are for breasts that received a total dose in the range 0.02 to 10 Gy.




Borstkanker
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FIG. 3. Cohort-specific ERR models. The left panel presents the ERR estimates for the age-at-exposure models
described in Table 7. These models assume a constant ERR (given age at exposure) for any attained age. Risks for
the THY, HMG and HMS cohorts are shown as points since all of the exposures occurred in infancy. The right
panel presents ERR estimates for the attained-age models. These fitted risks do not depend on age at exposure.

ERR(e) = Ad exdé(e-25)]

ERR(a) = Ad 5_ao




Borstkanker

ERR per Gy—breast—studies with average dose of 1 Gy or less

¢
E
:

Average dose (Gy)

FIGURE 7-2 Dastributions of study-specific estimates of ERR and EAR for breast cancer according to level of average dose (o the breast,




Borstkanker

Breast cancer ERR by age at exposure
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FIGURE 7-3 Dismribution of study-specific estimates of ERR/Gy for breast cancer according to average age at exposune.




Borstkanker

BEIRVI: ERR/Sv=/(a/60)”

B =0.51 (0.28,0.83)

BEIR V: ”eﬁ1+,32|n(t 120)+ B5In? (t /20) e<15
ERR/Sv=a,

eﬂzln(t 120)+ S5 In* (t /20)+ 3, (e-15) e>15

.




Excess risk
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Borstkanker
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Borstkanker

Probability density function p(E,T)
Breast cancer age specific mortality BEIR VII

Excess risk




Borstkanker

Histogram of mean glandular dose per film

Examinati | MGD
on type [MGy]

One-view | 2,59+0,10

9
8
7
6
E 5
5 4
£ 3
2
1
0

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 Two-view | 4,70+0,52
Dose per film [mGy]

Histogram of total mean glandular dose per woman
for one-view examinations

Young KC. Radiation dosesin the UK trial of
breast screening in women aged 40-48 year s.
The British Journal of Radiology 2002;
75:362-370.

% of women

8 10 13 15 18 20 23 25

Mean glandular dose per woman [mGy]




Borstkanker

> Beschikbaar:
o Dosis respons curve voor tumor inductie

» Gemiddelde dosis bij mammografie onderzoek

> Probleemstelling:
> Vrouwen met een verhoogd genetisch risico op borstkanker op

jonge leetftijd

o Screening?

o Welke modaliteiten?
Mammografie
MRI

o Vanaf welke leeftijd?

o Totwelke leeftijd?

o Welk interval?

> Aanpak: medelverming
o \alidatie
o Analyse




Model BRCA mammascreening

TABLE 3-4 Examples of Autosomal Dominant Disorders of Tumor Suppressor Genes, Proto-oncogenes, and DNA

Damage Response or Repair Genes

Disorder

Genes
or Locus

Detect Proposed

Camcer

Approximate Prevalence
(per hve binhs)

Tumor-Suppressor Disovders

Famihal sdenomatous [ml)'pnms

Von Hippel-Lindau disease
r}.:u:,.'a Drash s:.'ndn'!mq:

Newrofibromatosis type |
Neurofibromatosis type 2

Nevoid basal cell carcingma sy mdrome

Tuberous sclerosis

Retinoblasioma

Proto-oncagene Disorders
Multiple endocrine neoplasia (2A and 2B)
and familial medullary thyrmoid cancer
DNA Damiage Response or Repalr Disorders

Hereditary nonpolyposis colon cancer

Li-Fraumeni syndrome

Heritable breast or ovarian cancer

MIHI, MSH2,
FPMS1, PMS2

TP51 (othersT)

BRCA-1
BRCA-2

']'m||sar.'r|]1l||1|1r|.| n..'gn!.'llu:-u

Trnscriptional regulation
'i'mum‘ri]ﬂmnn] I'I.."l{ll!ﬂli.i:lll

GTPase regulation
Cytoskeletal linkage

Cellular signaling

Cellular signaling
Cellular signaling

Transcriptional regulation

Cellular signaling

DM A mismeatch repair,
apoposis

DN A damage recognition

Transcriptional regulation,

DM A repair

Caolorecial cancer
(mubiiple polyps)
Remnl cancer

Nu]:-h'rnhLﬂsl!nmn i+

BRCA Genes

Tumar Suppressor Genes

Meurofibroma Scin
Meningioma Meurc

Basal cell skin cand
Medulloblastoma

Bemign lesions of s
tissue, heart, and ki

Retinal tumors, bor
hssue sarcoma, by
and mclanoma

Thymid or parathy
r|-|.:|.||1lau||.1

Colon cancer, endc
cancer

Chromosome 13 Chromosome 17

Various

Breast or ovarian camcer
Breast cancer (also male)

I im 50,0060
Iim 10NN}




Model BRCA mammascreening

The probability density function p(a,,.,d) of breast cancer at age (a,,.) and
genetic predisposition (g) (where g is equal to brea,, brca,, brac, or the
population) is modeled by a normal distribution given by

2
_1[ a‘bc_lug ]

Where the mean breast cancer age Is given by y, the standard deviation Is
given by o, and the integral is given by f,.




Model BRCA mammascreening

Cumulative distribution function

— rest
— prcal
e DrCA2

brcau

X
R
.
()
=
=
<
=]
£
3
@)

Jonker MA, Jacobi CE, Hoogendoorn WE, Nagelkerke NJ, de Bock GH, van Houwelingen JC.
Modeling familial clustered breast cancer using publ ished data.
Cancer Epidemiol Biomarkers Prev. 2003 Dec;12(12):14 79-85.




Model BRCA mammascreening

Probability density function

/N

0 10 20 30 40 50 60 70 80 90 100

Age

Jonker MA, Jacobi CE, Hoogendoorn WE, Nagelkerke NJ, de Bock GH, van Houwelingen JC.
Modeling familial clustered breast cancer using publ ished data.
Cancer Epidemiol Biomarkers Prev. 2003 Dec;12(12):14 79-85.




Model BRCA mammascreening

Population

0.08

0.60

0.52

0.49

66.30

45.00

52.00

56.30

14.90

5.00

11.50

17.20

A preclinical age Is calculated using a log-normal distribution.

The probability distribution of this function is given by a normally distributed

logarithm of the preclinical breast cancer period X.,.:

1

e

X p—
P(X,e) ‘o o

Where p,, and o, are the mean and standard deviation ofithe legarithm of the

E
2

|

2
In Xpc "Hpc
g

pc

preclinical breast cancer period x,..

40
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Probability density function pdf
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5

Time [years]

Peer PG, Verbeek AL, Straatman H, Hendriks JH, Holland  R.
Age-specific sensitivities of mammographic screening for breast cancer.

Breast Cancer Res Treat. 1996;38(2):153-60.




Model BRCA mammascreening

screening leeftijden
preklinische borstkanker leeftijd
klinische borstkanker leeftijd

aantal tumor voor start screening

aantal door screening gedetecteerde tumoren

aantal in screening| gemiste tumoren (interval tumoren)
aantal tumeren na einde screening

aantal viouwen zonder borstkanker
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Incidentele kans op tumorinductie tgv dosis d op leeftijd ai:

CumERR(d,a,) = |I_l (1+ ERR(a;) I]j)—l

Totale indicentele kans op tumor tgv genetische aanleg g en tumorinductie

op leeftijd ai met dosis d:
TotERR(d,a,, ) = p(a,, g)(1+ CumERR(d,a))

Totale cumulatieve kans op tumor tgv genetische aanleg g en tumorinductie
op leeftijd a met dosis d:

p(d,a, g) = f TotERR(d, a', g)da’

a'=0

Kansberekening mbv Monte Carlo. Los op tumorleeftijd a,, met R = [0,1]

R=p(d,a,,Q)
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Absolute kans op tumor tgv mammascreening

brcal —— total risk
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50
Leeftijd

Jaarlijkse screening 30 — 50 jaar
Dosis 3 mSv
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Cumulatieve kans op tumor tgv mammascreening

brcal total risk bijdrage dosis
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Leeftijd

Jaarlijkse screening 30 — 50 jaar
Dosis 3 mSv
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VOLUME 23 - NUMBER 33 - NOVEMBER 20 2005

Mammography, Breast Ultrasound, and Magnetic
Resonance Imaging for Surveillance of Women at High

Familial Risk for Breast Cancer

Christiane K. Kuhl, Simone Schrading, Claudia C. Leutner, Nuschin Morakkabati-Spitz,
Eva Wardelmann, Rolf Fimmers, Walther Kuhn, and Hans H. Schild

No of mutation carriers: 43
Mammography detected: 2
No of interval cancers: 6
Sensitivity: 25%
Age: 27-55
Screening: 4x1
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Validation screening model

Age group

Yield: 1,2 2 (95%CI:0-5)
Interval: 4,6 6 (95%CI:2-10)
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Effectiveness of Breast Cancer Surveillance in BRCA1/2
Gene Mutation Carriers and Women With High
Familial Risk

By C.T.M. Brekelmans, C. Seynaeve, C.C.M. Bartels, M.M.A. Tilanus-Linthorst, E.J. Meijers-Heijboer, C.M.G. Crepin,
AN. van Geel, M. Menke, L.C. Verhoog, A. van den Ouweland, .M. Obdeijn, and J.G.M. Klijn
for the Rotterdam Committee for Medical and Genetic Counseling

Journal of Clinical Oncology, Vol 19, No 4 (February 15), 2001: pp 924-930

No of mutation carriers: 128
Mammography detected: 5
No of interval cancers: 4
Sensitivity:

Age:

Screening:




Percentage
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Validation screening model

@ presc
W yield
O interval

O endsc
B notumor

AL ol R JL JL iod L o i mT-Jln;f-Jl

21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63

age group

Yield: 3,8 5(1,9 95% confidence intervals
Interval: 3,2 4 (0,8)
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> Model validatie aan epidemiologische data
o Kuhl en Brekelmans

> Variatie van:
e DOSIS
Sensitiviteit

Start leeftijd
Eind leeftijd
Interval
Modaliteit

> Sensitiviteltsanalyse
> Ultkomstmaat?
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Comparison of benefit / risk ratio

2 0= 0

BRR(d) =1+

PILE

_,_ 2.9
R(d) =1 S

d no. breast cancer deaths in
screened population

d . no. breast cancer deaths in
non-screened population

d,, radiation induced breast cancer
deaths

Screening age range,
screening interval

BRR(d)
[1]

BRR(d)
[2]

50-69, 2 yr

242

206

40-69, 2 yr

7

111

40-69, 1 yr

73

12

[1] Beemsterboer PMM, Warmerdam PG, Boer R, Koning HJ de. Radiation risk of mammography related
to benefit in screening programmes: a favourable balance?. Journal of Medical Screening 1998; 5:81-87.

[2] Beckett JR, Kotre CJ, Michaelson JS. Analysis of benefit:risk ratio and mortality reduction for the UK
Breast Screening Programme. The British Jour nal of Radiology 2003; 76:309-320.
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Benefit/risk ratio in terms of breast
cancer mortality BRR(d) versus age
at first screen with final screen at
ages 64, 66, 68 and 70 years (3-
year screen interval).

42 44 46 48
Age at first screen [years)

Reduction in breast cancer
mortality R(d) versus age at
first screen with final screen at
ages 64, 66, 68 and 70 years
(3-year screen interval).

42 44 46 48

Age at first screen (years)

Beckett JR, Kotre CJ, Michaelson JS. Analysis of benefit:risk ratio and mortality reduction for
the UK Breast Screening Programme. The British Journal of Radiology 2003; 76:309-320.
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0

50-64
2 4 6 8

Screening interval [years)

2 4 6

Screening interval (years)

Benefit/risk ratio in terms of breast
cancer mortality BRR(d) versus
Interval between successive screen
for age ranges 50-64 and 50-70.

Reduction in breast cancer
mortality versus interval between
successive screen for age ranges
50-64 and 50-70.




Conclusie

Risico mammaonderzoek
o Ongeveer 1% bij blooetstelling op 20 jaar met 3 mSv
o Neemt kwadratisch af met de leeftijd

Risico borstkanker BRCA
o« 60-85% op 70 jarige leeftijd
Jaarlijkse screening
o Bijdrage 3.5% bhij screening 30-50 jaar
Model reproduceert epidemiologische data
Ontwikkeling:

o Benefit / risk ratio

o Reduction of breast cancer mortality
o Beantwoording screeningsvragen

o Sensitiviteitsanalyse




Fernando Urena Rib, Duo Turbantes

European Guidelines for Quality Assurance in Breast Cancer Screening and Diagnosis
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