Radiation Risk From Screening Mammography
of Women Aged 40-49 Years
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fluoroscopies, women from New York Sta#) @nd Sweden (5)
Although direct evidence of carcinogenic risk from mam- treated with radiation therapy for benign breast conditions such
mography is lacking, there is a hypothetical risk from as postpartum mastitis, and women who had been treated in
screening because excess breast cancers have been demogalifornia with radiation therapy for Hodgkin’s disea®.(
strated in women receiving doses of 0.25-20 Gy. These high- Estimating the risk of breast cancer from low-dose radiation is
level exposures to the breast occurred from the 1930s to the complex. However, relatively similar estimates have been made
1950s due to atomic bomb radiation, multiple chest fluoros- by various committees over the past 20 years, most notably by
copies, and radiation therapy treatments for benign disease. the 1977 National Cancer Institute (NCI) Ad Hoc Working
Using a risk estimate provided by the Biological Effects of Group on the risks associated with mammography and mass
lonizing Radiation (BEIR) V Report of the National Acad- screening for the detection of breast canc#y, by the 1980
emy of Sciences and a mean breast glandular dose of 4 mGyCommittee on the Biological Effects of lonizing Radiation
from a two-view per breast bilateral mammogram, one can (BEIR IIl) of the National Academy of Science8)( by the 1985
estimate that annual mammography of 100,000 women for National Institutes of Health Ad Hoc Group to Develop Radiol-
10 consecutive years beginning at age 40 will result in at most epidemiological Tables (9), by the National Academy of Sci-
eight breast cancer deaths during their lifetime. On the other ences’ 1990 National Research Council Committee on the Bio-
hand, researchers have shown a 24% mortality reduction logical Effects of lonizing Radiation (BEIR V)1(Q), and by the
from biennial screening of women in this age group; this will 1994 United Nations Scientific Committee on the Effects of
result in a benefit-to-risk ratio of 48.5 lives saved per life lost Atomic Radiation (11). Each committee has had to base its es-5
and 121.3 years of life saved per year of life lost. An assumedtimate not only on the follow-up data available at that time, but
mortality reduction of 36% from annual screening would also on a selection of other assessment options, such as dos
result in 36.5 lives saved per life lost and 91.3 years of life response models, length of latent period, duration of radiation
saved per year of life lost. Thus, the theoretical radiation risk effect, age-related radiation sensitivity, and absolute versus rela-
from screening mammography is extremely small compared tive risk models.
with the established benefit from this life-saving procedure
and should not unduly distract women under age 50 who are Dose-Response Models

considering screening. [Monogr Natl Cancer Inst 1997;22: o .
119-124] Because radiation-induced and spontaneously occurringeg

breast cancers cannot be distinguished histologicaftyl), the &
presence of radiation-induced tumors can only be establishedS
] statistically if a significant number of excess cancers are ob- g
The risk of radiation-induced breast cancer is a consideratig8yed in an exposed population. This type of inference becomes%
in determining the advisability of mammographic screening foryrqer and harder to establish as lower and lower doses are®
women of any age group and may be espe9|a||y important f96nsidered, since the number of exposed women required to
women aged 40-49 years. Due to the relatively lower breggtmnonstrate an effect is related to the inverse square of dose. FoP
cancer incidence in younger women, it is particularly importa%g(amme' if 1,000 exposed and 1,000 control women are needed

to assess in these women the number of lives saved versus degthfmonstrate an effect at 1 Gy, then two groups of 100,000

caused and the years of life expectancy gained per year of [{§men each are necessary at 0.1 Gy and two groups of
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lost through screening. 10,000,000 women each are necessary at 1 cGy, assuming a
. linear dose-response relationshipty.
Risk Assessment If there is any risk to the breast from doses in the mammo-

graphic range (3—4 mGy per two-view exam) or even from doses
Although no women have ever been shown to have developed

breast cancer as a result of mammography, not even from mul-

tiple examinations received over many years at mean glandular—

doses considerably higher than the current average mammo-

graphic doses of 3—-4 mGy (0.3-0.4 rad), the possibility of suchAffiliations of authors:S. A. Feig, Jefferson Medical College, Philadelphia,
risk exists because excess breast cancers have been obséfe&- E: Hendrick, University of Colorado, Health Sciences Center,

among populations receiving much higher doses—say, 0.25- ver, CO. :
g pop 9 v orrespondence toStephen A. Feig, M.D., Breast Imaging Center, Thomas

Gy (25-2,000 rads). These include Japanese A-bomb SUrviv@¥erson University Hospital, 1100 Walnut Street, Philadelphia, PA 19107—
(1), North American tuberculosis sanitoria patients from Mass63.

sachusetts (2) and Canada (3) who underwent multiple chesbxford University Press
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of 100 mGy (10 rad) or less, the magnitude of the risk may heatent Period and Duration

estimated by means of dose-response curves, which describe the

possible relationship between radiation dose and radiogenic canlhe latent period refers to the minimal length of time between
cer incidence (Fig. 1). In the linear dose-response model, ingXposure and earliest demonstration of excess cancers in a popu-
dence is directly proportional to dose: if the dose is diminishéation. Because radiogenic breast cancers do not occur earlier
by a factor of 10, the excess cancer incidence will also be f#8an the spontaneous variety, the latent period may depend on
duced by the same factor. With the quadratic dose-respo§ie at exposure. Most reports have assumed latent periods of at
relationship, the effect is proportional to the dose squared: if @St 10 years and a lifetime persistence of radiation risk in the
dose is reduced by a factor of 10, the number of excess cand@f@0Sed population. The BEIR V Report assumed that there is a
would be reduced by a factor of 100. The linear-quadratic dod@tent period of about 10 years after exposure before the risk of
response relationship predicts a risk between the risks expeddjation-induced breast cancer is non-negligible. The Report
from pure linear and pure quadratic models. also assumed that the period of excess risk may persist for the

Most but not all experiments on a wide variety of radiation[-’atient’s lifetime, since all populations have continued to exhibit

induced tumors in laboratory animals exhibit a quadratic dosgXCeSS breast cancer risk on the longest follow-up studies—

response relationship at doses below 0.5 Gy (50 ratg). ( 110se following subjects 30-45 years after expostrel).
However, a similar relationship may not necessarily hold f
breast cancer in humans.

Most studies on radiation-induced breast cancer in humansy byt one of the studies of radiogenic risk found decreased
contain a pa_ucny qf dat_a on do_ses below 0_.5 Gy (50 rads), amdc with increasing age at exposuré—g,5,6) (Fig. 2). New
not one provides direct information concerning risks from d_os%rk women treated with radiotherapy for postpartum mastitis g
less than 0.1 Gy (10 rads) (15). However, results from a linegfy constitute the only group that has not shown any relationship =
regression analysis over a wide range of doses found data highlyveen risk and age at exposure. Their breasts were, however&
consistent with a linear model; the data also fit a linear-quadrafit 5 prgjiferative state, with elevated hormonal stimulation due

model fairly well when a_strong linear compone_nt is presét ( ¢ parturition and lactation. The BEIR V Report concluded that
Nevertheless, a quadratic dose-response function at doses belpWe is jittle evidence of any increased risk to women exposed
0.05 Gy (5 rads) cannot be excluded at the 95% confidence leygl,, age 40" (10).

(1). Therefore, the linear model is most often used to estimate
risk at low doses. Lower risk estimates would be obtained wildditive and Relative Risk Models
other types of dose-response relationships. Although an appro-
priate upper confidence limit of a linear coefficient represents Additive and relative risk models represent two different ways
the upper limit of risk, a point estimate of the slope of a lineasf estimating excess risk (defined as either excess breast cance
fit provides a reasonable estimate of risk. incidence or mortality) following radiation. Additive (or abso- 3
lute) risk estimates are given as a number of excess cancersg
million women/year/cGy (rad). Relative risk estimates are given %
as the percentage increase in the natural breast cancer incidencey
year/cGy (rad). BEIR V used a time-dependent relative risk ﬁ
Linear, R= kD / model in which relative risk varied over time during the follow- 8
— — — Linear-Quadratic, R=aD+bD’ é/ up, reaching a peak at 15-20 years after exposure and theng
______ Quadratic, R=cD? / declining (10). Recent studies suggest that the complexity of§
7 \«\ BEIR V model may not be necessary to explain these dgta (
/,4' Known BEIR V used the relative risks derived from mortality data from
s/ Effect the Japanese and non-Nova Scotia Canadian populations to pro
/ . . . . )
ya vide an absolute risk estimate for mortality among North Ameri-
; can women according to age at exposure. Although the excess
relative risk for Japanese women was 2 to 3 times that for
i non-Nova Scotia Canadian women, this difference was not sta-
i tistically significant (P= 0.12). Although Japanese background
O breast cancer rates are considerably lower than those in Canada,
s the additive excess risk per unit dose was not significantly less
P than that for non-Nova Scotia women (P>.5) (10).

%ge at Exposure
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Using the 1985 NIH relative risk estimate, Feig and Ehrlich
found that a single screen of women at ages 40-44 and 4549
with a dose of 2.5 mGy and 20% reduction in breast cancer

Fig. 1. Models for possible dose-response relationships at low doses. Megbrtality due to screening would result in benefit/risk ratios of
estimates for the hypothetical breast cancer risk from mammography have

ployed a linear dose-response model with the understanding that this projectt and '90 years of life expectancy gamed per year of life lost
represents the upper limits of such risk.=Rrisk per rad. respectively (15).
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Fig. 2. Excess relative risk per 0.1 Sievert (0.1 Gy absorbed dose) for breast cancer incidence according to age at exposure. Frofd Ifeitbripermission.

Using the 1990 BEIR V relative risk estimate, Feig et &6)( about 24% from screening women aged 40-49 years at entry in
calculated that a single mammographic screening of womenirgtervals of generally every two years (range12—28 months)
age 45 with a dose of 2.5 mGy and breast cancer mortal{ti®,20). Specifically, a relative mortality reduction of 0.76 (95%
reductions of 20% and 40% due to screening would avert 30 atwhfidence interval [Cl]: 0.61-0.98) was found by Smart et al.
60 deaths per death caused respectively. Assuming that sqd®), and a reduction of 0.76 (95% CI: 0.62-0.93) was found by 3
radiogenic cancers would be detected by subsequent screertimg,Organizing Committee, Falun Sweden Screening Meeting 2 o
the benefit/risk ratios from the single screen would be 37.5 af@D). For women aged 50 and over invited for biennial screening %
100 respectively at the same levels of benefit. in the Swedish Two-County Trial, a statistically significant 39% 3

Law calculated that a single mammographic film per breastduction in breast cancer mortality has been obser2éy ( §
with a dose of 1 mGy at age 40—-49 would detect 186 times moreBased on relative death hazards found for cancers detected ag
breast cancers than it might induce (17). screening, for interval cancers, for cancers found among study &

Based on the 1994 Radiation Effects Research Foundatgmoup women who refused to be screened, and for those amon
(RERF) relative risk estimate, Mettler et al. developed benefitontrol group women, it has been calculated that if all study n
risk ratio tables comparing fatal cases of breast cancer prevergesip women in the two-county trial had been screened every
by screening mammography to those caused by screening mgear, a breast cancer mortality reduction of 36% could be ex- &
mography (18). Mortality reductions of 15% for screeningected for those aged 4049 years at en2d,41), and a 45%
women age 40-49 and 25% for screening women age 50-7brtality reduction in breast cancer mortality could be expected
were assumed along with a dose of 2.8 mGy per two-view maffor those aged 50-74 years at entry (20).
mographic examination. The authors calculated that if a woman
began annual mammography at age 40, mammographic exa@urrent Radiation Risk Estimates
nation at age 44 would provide 850 times more benefit than the
potential harm from all of her mammographic examinations Recently, it has been suggested that the mean glandular dose
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combined. for a two-view per breast mammographic examination could be
3—4 mGy higher than the previous estimate of 2.5 mGy. This
Current Estimates of Screening Benefit higher estimate is due to a larger estimated compressed breast

thickness (5-5.7 cm vs. 4.2 cml4,22) and increased x-ray
More accurate quantitative information on reduction in breaskposures to attain higher average optical densities (1.4-1.8 vs.
cancer screening mortality through screening has become avaiB) on the mammographic film. Higher optical densities have
able during the past several years through longer-term follow-bpen shown to result in earlier detection of breast carz®. (
of women enrolled in randomized controlled trials (RCTs). Two The BEIR V Report estimated mortality from radiation-
separate meta-analyses of data from seven population-baisediced cancers based on a combined analysis of data from
RCTs have both shown a breast cancer mortality reduction Jefpanese atomic bomb survivors and non-Nova Scotia Canadian
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tuberculosis patients receiving multiple chest fluoroscopies. Ugduction from annual screening(@,21), one can estimate that
ing an age-at-exposure—dependent and time-since-exposw®2 of these breast cancer deaths would be prevented.
dependent relative risk model, a linear dose-response relationTherefore, annual screening of women age 40-49 years could
ship, and a 10-year latent period, the BEIR V Committegave 36.5 (292/8) lives for every life potentially lost due to
estimated that if 100,000 U.S. women aged 40-49 years receivadiation-induced breast cancer, and biennial screening could
a single dose of 10 rem (100 mGy), at worst no more than 2ave 48.5 (194/4) lives for every life potentially lost due to a
excess breast cancer deaths might occur during the lifetimegadiation-induced cancer (Table 1). This is a fairly conservative
those 100,000 women. estimate, since it assumes that no radiation-induced cancers are
Based on this estimate, it can be calculated that if 100,066tected at a curable stage due to screening subsequent to age
women were to receive annual mammography for 10 consed®. Subsequent biennial screening after age 50 could result in an
tive years beginning at age 40 with a dose of 4 mGy per exanmproved benefit/risk ratio, and annual screening after age 50
nation, at most 8 breast cancer deaths might result over theuld result in an even higher benefit/risk ratio for lives saved
lifetimes of these 100,000 women. However, if these womerer life lost due to screening women age 40-49. If annual
continued to be screened after age 50, some radiation-indusetkening after age 50 were to reduce breast cancer deaths by
breast cancers would be detected at a curable stage at a sus¥%, benefit/risk ratios from screening women in their forties
gquent screen. Assuming mortality reductions of 39% for biennialould be nearly twice as high as without screening after age 49.
screening and 45% for annual screening of women age 50 digden the current screening practice in the U.S., it is unlikely
over, one can estimate the number of breast cancer deathsthat a woman who went for annual or biennial screening during
tentially caused by annual screening of 100,000 women in theier forties would suddenly stop being screened after age 50.
forties to be 4.9 deaths and 4.4 deaths respectively (Table 1JTherefore, most realistic benefit/risk ratios for women undergo-
On the other hand, 5 biennial screenings of 100,000 womiag annual screening in their forties would range from 60/1-66/1
beginning at age 40 might at worst result in 4 excess breéises saved per life lost. For women undergoing biennial screen-
cancer deaths. Subsequent biennial or annual screening beigig-in their forties, the range would be from 81/1 to 88/1 lives
ning at age 50 would reduce the number of deaths from breaated per life lost (Table 1).
cancers potentially induced by screening 100,000 women age
40-49 to 2.4 deaths and 2.2 deaths respectively (Table 1). Benefit/Risk Ratio Expressed as Years of Life

o . . Expectancy Saved/Lost
Benefit/Risk Ratio Expressed as Lives Saved per

Life Lost Benefits and risks may also be compared as years of life ¢
gained through screening versus years of life potentially lost due
Deaths averted through screening women in their forties cgiiradiation-induced cancers. This can be better understood b
be calculated among 100,000 women aged 40-49 years; a n@gidans of the following calculations. Since nearly all deaths from
ral breast cancer incidence at 1,620 invasive breast cancers/ygagast cancer will occur within 20 years of diagnosis, the aver-
can be expected over the 10-year period between each womajjgé death from breast cancer, whether naturally occurring org
40th and 50th birthdays based on the National Cancer Instityigjiation induced, will occur around 10 years from diagnosis. €
Surveillance, Epidemiology, and End Results Program (SEER}cording to BEIR V, no radiation-induced breast cancer will €
data (24). Assuming a 20-year relative survival rate of 50% fekcur within 10 years of radiation exposure, and the most likely o
these invasive cancers in the absence of scree@iig ¢ne can time of detection of radiation-induced breast cancers will be 15 g

expect at least 810 breast cancer deaths due to these brgagis after exposure. Since the average age at death occurs 1
cancers. At the same time, biennial screening—shown to pigears after detection, the average age at death from radiation-g
duce a 24% mortality reduction (19,20)—could prevent 194 @iduced breast cancers due to screening women ages 40-4g,
these breast cancer deaths. Likewise, assuming a 36% mortalé¥rs will be around age 70. Since the normal life span is 80 %
years, a woman who dies from breast cancer induced by screen-

ing during her forties will have lost an average of 10 years of life

Table 1. Benefit/risk ratio expressed as lives saved due to mammographiexpectancy. On the other hand, the average age of death from

screening of women aged 40-49 years* versus lives lost due to possible rigkeast cancer occurring between age 40-49 years would be age
from radiationt . .
55 or perhaps slightly older. Therefore, the average life saved
Screening after age 50 through screening women aged 40-49 will add around 25 years
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Screening . . .

interval None Biennial Annual of life expectancy. The ratio of the number.of years of life .
expectancy saved versus lost through screening women in their

Annual 36.5 (292/8) 59.6 (292/4.9) 66.4 (292/4.4) ~ rti i ; ; ;

Biennial 28.5 (194/4) 80.8 (194/2.4) 88 2 (194/2.2;fort|es will be 2.5 (25/10) times the ratio of lives saved versus

lost from screening women in this age group (Table 2).
*Benefit estimate based on an average annual breast cancer incidence, Assuming no further screening after age 49 and a 36% mor-

20-year survival rate from SEER dat24), a 36% mortality reduction expected tallty reduction from annual Screenlng women age 40-49 will
from annual screening20,21), and a 24% mortality reduction observed from '

generally biennial screening in population-based randomized tdalg@). Bi- 9N 91'3 years of life expectancy for every year pOS§Ib|y lost
ennial and annual screening after age 50 is assumed to reduce deaths fi@m radiation-induced cancers. For biennial screening, there

radiation-induced breast cancer by 39% and 45%, respectively (based on ¢gfft he 121.3 years of life expectancy gained per year potentially
from reference0).

TRisk estimate based on BEIR V Repdt0f and a mean glandular dose of 4|05t' As prewogsly discussed, it is realistic to assume that
mGy per two-view/breast bilateral mammogram. women will continue to be screened every year or two after age
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Table 2. Benefit/risk ratio expressed as years of life saved due to Table 4. Net lives saved due to biennial mammographic screening of
mammographic screening of women aged 40-49 years versus years of life 100,000 women beginning at age 40 until age 49*
lost due to possible risk from radiation*

Subsequent screening after age 50

Screening after age 50

None Biennial Annual
Screening interval None Biennial Annual
Lives saved due to screening 194 194 194
Annual 91.3 149.7 166.0 Lives lost due to radiation 4 2.4 2.2
Biennial 121.3 198.9 220.5 Net lives saved 190 191.6 191.8

*For mammographic screening of women aged 40-49, years of life expec*Calculated using data and assumptions of Table 1.
tancy gained/lost are 2.5 x lives saved/lost (see text for calculation). Lives
saved/lost as per Table 1.

probably due to diet and other environmental factors, absolute

50, so that some radiation-induced cancers will be detected &'§ast cancer risk from radiation is similar when both popula-
curable stage. In that case, there would be 150-166 years gaiki9@f areé compared, but relative risk factors are markedly dif-

lost from annual screening and 199-221 years gained/lost frépRent (25)-

biennial screening between age 40-49 (Table 2). There are also possible genetic risk factors. One report

claimed a fivefold or sixfold excess risk of breast cancer among
Net Benefit From Annual Versus blood relatives of patients with ataxia-telangiectasia who had
Biennial Screening received single or multiple diagnostic x-rays with an extremely

low estimated dose to the breast glandular tissue of 1-9 mGy o
Benefit/risk ratios for biennial screening are approximatel26). A number of experts have expressed skepticism about thesé
1.3 times higher than those for annual screening of women agesults, however, due to small sample size, inadequate assessi?
40-49 because radiation risks from annual screening are twinent of radiation exposure, inconsistencies in results, presence®
that of biennial screening, whereas mortality reduction is onbf other confounding differences between the study and control g
1.5 times (36/24) higher. Of course, this observation does ngbups, and incompatibility of this study with much larger stud-
necessarily imply that biennial screening is preferable. Net bess showing no increase in breast cancer among women expose&
efit, expressed as differences between lives saved and lives tostadiation after age 40 (27—-30). Moreover, women who are
or as differences between years of life expectancy gained amsterozygous for the ataxia-telangiectasia gene represent les
years of life lost through screening, may be useful for comparimigan 1% of the U.S. female population (31).
different screening regimens. Values for net benefit from annualinherited mutations in the BRCA 1 and BRCA 2 genes may be
screening shown in Table 3 are always approximately 1.5 timi@golved in 14% of breast cancers among women ages 40-49 an
higher than the corresponding values for net benefit from bieprogressively lower percentages of breast cancers among olde
nial screening shown in Table 4. women (31). Meaningful studies of radiation sensitivity in
Although subsequent annual or biennial screening after age@®men with inherited BRCA 1 and BRCA 2 mutations have not
appears to have a substantial effect on benefit/risk ratios f@t been performed and might not be feasible due to their very €
screening women age 40-49 (Tables 1 and 2), such subseqiggh baseline breast cancer incidence and the fact that they repg
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screening has relatively little effect on net benefit from screenimgsent a relatively small proportion of the general population. g
women in their forties (Tables 3 and 4). Other factors, such as patient confidentiality and continued g
L . ) medical insurability, might also affect the ability to identify §
Radiation Risk and Other Risk Factors women with inherited gene mutations for these studies. R
Risk factors associated with radiation are incompletely knov@onCIUSIOn %

and, for some risk factors, may be extremely difficult to evalu-

ate. For example, older age is a major risk factor for breastror the general population of women ages 40-49, the theo-

cancer, yet there is an inverse relationship between radiati@fical radiation risk from screening mammography is extremely

sensitivity and age at exposurgl). Environmental factors are small compared with the established benefit from this life-saving

also hard to assess. For instance, although American womgBcedure. Subgroup analysis of radiation sensitivity in high-risk

have a higher breast cancer incidence than Japanese Womgjimen should not become a distraction from this overriding
conclusion.

Table 3. Net lives saved due to annual mammographic screening of 100,0R eferences
women beginning at age 40 until age 49*

(1) Tokunaga M, Land CE, Tokuoka S, Nishimori |, Soda M, Akiba S. Inci-

Subsequent screening after age 50 ; ?
dence of female breast cancer among atomic bomb survivors, 1950-1985.

None Biennial Annual Radiation Research 1994;138:209-23.
(2) Hrubec Z, Boice JD, Monson RR, Rosenstein R. Breast cancer after mul-
Lives saved due to screening 292 292 292 tiple chest fluoroscopies: second follow-up of Massachusetts women with
Lives lost due to radiation-induced 8 4.9 4.4 tuberculosis. Cancer Res 1989;49:229-34.
breast cancers (3) Miller AB, Howe GR, Sherman GJ, Lindsay JP, Yaffe MJ, Dinner PJ, et al.
Net lives saved 284 287.1 287.6 Mortality from breast cancer after irradiation during fluoroscopic exami-
nations in patients being treated for tuberculosis. N Engl J Med 1989;321.:
*Calculated using data and assumptions of Table 1. 1285-89.
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(4) Shore RE, Hildreth N, Woodard ED, Dvoretsky P, Hempelmann L, Pas- nual Meeting of the National Council on Radiation Protection and Mea-
ternack B. Breast cancer among women given x-ray therapy for acute surements, Proceedings No. 14. Bethesda (MD): National Council on Ra-
postpartum mastitis. J Natl Cancer Inst 1986;77:689-96. diation Protection and Measurements, 1993:240-53.

(5) Mattson A, Bengt-Inge R, Hall P, Wilking N, Rutqvist LE. Radiation-(17) Law J. Risk and benefit associated with radiation dose in breast screening
induced breast cancer: Long-term follow-up of radiation therapy for benign  programmes—an update. Br J Radiol 1995;68:870-6.

breast disease. J Natl Cancer Inst 1993;85:1679-85. (18) Mettler FA, Upton AC, Kelsey CA, Ashby RN, Rosenberg RD, Linver
(6) Hancock SL, Tucker MA, Hoppe RT. Breast cancer after treatment of MN. Benefits versus risks from mammography: a critical reassessment.
Hodgkin's disease. J Natl Cancer Inst 1993;85:25-31. Cancer 1996;77:903-9.

(7) Upton AC, Beebe GW, Brown JM, Quimby EH, Shellabarger C. Report ¢19) Smart CR, Hendrick RE, Rutledge JH IIl, Smith RA. Benefit of mammog-
the NCI Ad Hoc Working Group on risks associated with mammography in  raphy screening on women ages 40 to 49 years. Current evidence from
the mass screening for the detection of breast cancer. J Natl Cancer Inst randomized controlled trials [published erratum appears in Cancer 1995;
1977;59:481-93. 75:2788]. Cancer 1995;75:1619-26.

(8) BEIR Il Committee on the Biological Effects of lonizing Radiation. The(20) Committee and Collaborators, Falun meeting. Report of the meeting on
effects on populations of exposure to low levels of ionizing radiation. = mammographic screening for breast cancer in women aged 40-49, Falun,
Washington (DC): National Academy of Sciences, 1980. Sweden, March 1996. Int J Cancer 1996;68:693-9.

(9) National Institutes of Health Ad Hoc Working Group to Develop Radiof21) Feig SA. Estimation of currently attainable benefit from mammography
epidemiological Tables. Report of the National Institutes of Health Ad Hoc  screening of women aged 40-49 years. Cancer 1995;75:2412-9.
Working Group to Develop Radioepidemiological Tables. NIH Publicatiof22) Geise RA, Palchevsky A. Composition of mammographic phantom mate-
No. 85-2748. Bethesda (MD): National Institutes of Health, National Can-  rials. Radiology 1996;198:347-50.
cer Institute, 1985. (23) Young KC, Wallis MG, Ramsdale ML. Mammographic film density and

(10) BEIR V Committee on the Biological Effects of lonizing Radiation. Health  detection of small breast cancers. Clin Radiol 1994;49:461-5.
effects of exposure to low levels of ionizing radiation. Washington (DC)24) Gloeckler-Ries LA, Miller BA, Hankey BF, Kosary CL, Harras A, Ed-
National Academy Press, 1990. wards BK, editors. SEER Cancer Statistics Review, 1973—-1991: Tables and

(11) United Nations Scientific Committee on the Effects of Atomic Radiation.  Graphs, National Cancer Institute, NIH Pub. No. 94-2789. Bethesda MD,
Sources and Effects of lonizing Radiation, UNSCEAR 1994 Report to the  1994; Section IV: Breast: 116-35.

General Assembly with Scientific Annexes. New York: United Nationg(25) Land CE. Studies of cancer and radiation dose among atomic bomb sur-
1994. vivors: the example of breast cancer. JAMA 1995;274:402-7.

(12) Dvoretsky PM, Woodard E, Bonfiglio TA, Hempelmann LH, Morse IP(26) Swift M, Morrell D, Massey RB, Chase CL. Incidence of cancer in 161
The pathology of breast cancer in women irradiated for acute postpartum families affected by ataxia-telangiectasia. N Engl J Med 1991;325:1831-6.
mastitis. Cancer 1980;46:2257—62. (27) Boice JD Jr, Miller RW. Risk of breast cancer in ataxia-telangiectasia

(13) Tokuoka S, Asano M, Tsutomu Y, Tokunaga M, Sakamoto G, Hartmann [letter; comment]. N Engl J Med 1992;326:1357-1358; discussion 1360-1.
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