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variability in tumor progression rates by age may give insighto
The effect of mammographic screening in reducing mortal- into the varying efficacy of screening in different age groups. <
ity from breast cancer is known to be smaller and more  Syrvival analysis based on the Swedish Two-County Trialg
delayed in women aged 40-49 than in women over 50. In this confirms that breast cancer cases can be classified into threg
study, we investigated how these phenomena relate to his-histologic tumor types according to prognosis: Group | (consist-5
tology-specific breast cancer incidence and mortality. The ing of ductal carcinomén situ [DCIS], grade 1 invasive ductal >
data are from 2,468 women with breast cancer who partici- carcinomas, tubular cancers, and mucinous cancers) has goai
pated in the Swedish Two- -County Trial. The overall relative survival, Group Il (grade 2 invasive ductal, medu”ary, and in- =
breast cancer mortality of invited to noninvited women aged vasive lobular cancers) has intermediate survival, while Grou
40-49 was 0.87, and the relative mortality from poorly dif- 11 (grade 3 invasive ductal Cancers) has poor SUI’Vi\l@(
ferentiated (grade 3) ductal carcinoma was 0.95. These re- |n previous studies, we concluded that the duration of thed
sults were not statistically significant. The corresponding tumors’ preclinical detectable phase (sojourn time), and there_t,
relative risks for invited women aged 50-74 were a statisti- fore the rate of progression from the preclinical to the clinical 8
cally significant 0.65 and 0.61. We conclude that in this trial, phase, varies considerably not only by histologic type but alseg-
with a two-year interscreening interval, the smaller and later by patient ageX1). The practical implication of this is that the
effect of invitation to screening on breast cancer mortality in  impact of screening on mortality from breast cancer, and the
women 40-49 years old is due to the failure of screening to timing of this impact, will depend largely on which histologic
reduce mortality from grade 3 ductal carcinoma in this age types will be diagnosed early in their natural history and whethe
group. [Monogr Natl Cancer Inst 1997;22:43-47] screening will advance the time of diagnosis of the subgrou
with poor prognosis.

The poorly differentiated invasive ductal carcinomas thatm

Two main tumor characteristics seem to play a crucial role make up Group Il have both a rapid progression from the prew
controlling breast cancer: heterogeneity of the disease anddiigical to the clinical phase (a short sojourn time) and a poor@
progressive naturel(2,3,94. Because mammography screeninghort-term survival. Therefore, early detection of these high- rlsl{;
can allow earlier diagnosis and treatment of breast cancer, it @@ses will have a demonstrable beneficial effect within a few
significantly decrease Stage Il and more advanced tumors. Sigears following diagnosis and treatment (short-term effect). Org
an advanced disease stage is strongly associated with death ftwenother hand, the impact of early detection of tumors in Groupg
breast cancer, the relative incidence rate of Stage Il and mérand Group Il on mortality from breast cancer will not be §
advanced cases among women invited to screening comparedamonstrable until many years later (long-term effect), sincey
those not invited is expected to be a sensitive measure of bressmen with similar but undetected tumors in the control groupz
cancer mortality. The close correlation between the cumulatiwéll live much longer than those with poorly differentiated tu-
incidence rates of advanced breast cancers and cumulative maoss.
tality rates has been well documented in different screeningAs we have noted previously, the relative mortality invited to 3
trials (5,6,7,9. noninvited women in the Two-County Study was 0.87 in the

The relationship between advanced breast cancer rates 46d49 age group and 0.65 in the 50—74 group).(Since the
disease-specific mortality rates has also been demonstrateduimor progression rate from preclinical to clinical phase is more
age subgroup$j. The relative incidence of tumors Stage Il and
higher is consistent with the diminished effect of screening en
mortality in women aged 40—49 years, but it does not explain the
reason for the delayed benefit in this age group. Also, it raisegAffiliations of authors:L. Taba, Department of Mammography, Central
the question of why there is less reduction in advanced tumgj3Pital, 79 182 Falun, Sweden; H.-H. Chen, S.W. Duffy, T.C. Smith, MRC
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49 compared to older women. Investigating the heterogeneity OQz,orrespondence toLaszlo Taba, Department of Mammography, Central
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ing on cancers of different histologic types, and analyzing tleeoxford University Press
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rapid in younger than in older womei1,12,13, the smaller Details of the study design have been described fully elsewhere
benefit of mammography screening for women under 50 in ti§@). Note that in this paper, we follow the convention, employed
Two-County Trial might be due to the longer interscreeningghenever reporting results of the Two-County Trial, of referring
interval, which did not allow sufficiently early detection of rap+o the group invited to screening as the Active Study Population
idly growing and frequently fatal tumors, such as poorly diffeltASP) and the uninvited control group as the Passive Study
entiated grade 3 ductal carcinomas. Analysis of the cumulatirepulation (PSP).
incidence rate of Stage Il and worse cancers by histologic type . .
and age will test this hypothesis. gtanstu:al Methods
The purpose of this study, then, is to: Cumulative mortality rates were calculated by dividing deaths
(1) consider whether the effect of invitation to mammograpH{°PM Preast cancer of various histologic types by person-years.
screening on mortality from breast cancer is uniform for aj| C@lculation of relative risk of cumulative incidence of Stage
tumor types, or if the reduction in mortality is more pro_II+ or c_umulatlve .mortallty since time at entry is by Poisson
nounced for some histologic types; regression analysis{).
(2) examine whether the impact of screening on mortality froﬁesults
different histologic tumor types varies with age;
(3) compare the cumulative incidence rate of Stage Il and moreTable 1 shows the cumulative mortality by tumor type for the =
advanced (Stage II+) tumors with the corresponding oSP and PSP. Statistically significant reductions of 37% ands

moq

served mortalit_y in each histologic group; and_ 39%, respectively, can be seen in deaths from grade 2 and grade
(4) make suggestions for mammography screening of womgnnvasive ductal carcinomas in invited women aged 50-74 af
aged 40-49 years, based on (1), (2) and (3). randomization. In the 40-49 group, most of the mortality reduc-Z

tion is confined to Group Il tumors (grade 2 invasive ductalg
Methods cancers, medullary cancers, and invasive lobular carcinomasy
Data Source and a 5% reduction in death from grade 3 invasive ductal carg
cinoma was observed. The absolute risk of dying from breasg

Data used in this study are from 2,468 women diagnosed withncer in Group | (DCIS and grade 1 ductal, tubular, and mu-
breast cancer who participated in the Swedish Two-Countinous carcinomas) is negligible in comparison to deaths from‘é
Trial: 1,053 and 1,415 were from the W and E counties respdareast cancers in Groups Il and lll, although the relative risk is3.
tively. Average follow-up was 14 years through December 3high due to the large number of Group | cancers detected af.
1994. Screening intervals for the invited groups were 24 and 8&reening. g
months, respectively, for women aged 40-49 and those over 50As noted above, detecting tumors of various histologic types2
(Note that although we refer to the younger age group as thiean earlier stage will be expected to have varying effects on the:
“40-49” group, 30% of follow-up screens in this age groughort-term and long-term mortality results. Early detection of 2
actually took place after the women had reached age 50.) Thigh-risk (Group Ill) breast cancer cases will reduce mortality a§
prospectively determined histologic tumor types include ducti@w years after randomization, since poorly differentiated clini- S
carcinomain situ (DCIS), invasive ductal carcinomas not oth<cally diagnosed cancers are often associated with poor shor
erwise specified (NOS) of malignancy grades 1, 2 and 3, atefm survival (within five years). The beneficial effect of early
medullary, invasive lobular, tubular, and mucinous carcinomagetection of intermediate risk (Group Il) cancers will not be

€VIC

Table 1. Cumulative mortality (number of deaths) per 100,000 from breast cancers by histological tumor type and age in women invited to screen (ASP
not invited to screen (PSP), with relative risk (RR) of breast cancer death, Swedish Two-County Trial

zz0z ¥snbny 0z uo 1safb Aq £652562/
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40-49 50-74
Age group PSP ASP RR PSP ASP RR
histology (PY* = 226,526) (PY = 278,703) (95% CI) (PY = 543,939) (PY = 772,979) (95%) ClI
Grade 3 ductal 10.59 10.05 0.95 23.90 14.23 0.61
(Group IlI) (24) (28) (0.55-1.64) (130) (110) (0.47-0.78)
Grade 2 ductal 3.09 2.15 0.70 12.31 7.76 0.63
(Group II) ) (6) (0.23-2.07) (67) (60) (0.44-0.89)
Lobular 1.77 1.43 0.81 4.60 2.85 0.62
(Group 11) (4) (4) (0.20-3.25) (25) (22) (0.35-1.10)
Medullary 1.32 0.36 0.27 0.92 0.52 0.56
(Group 1I) 3) Q) (0.03-2.60) (5) 4) (0.15-2.10)
Grade 1 ductal 0 1.43 — 1.84 1.55 0.84
(Group 1) 4 (10) (12) (0.36-1.95)
Mucinous 0 0 — 0.55 1.29 2.34
(Group I) 3) (20) (0.65-8.52)
Tubular 0 0 — 0 0.39 —
(Group 1) )
DCIS 0 1 0.18 0.26 1.41
(Group 1) 1) 2) (0.13-15.52)

*PY: Person-years
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demonstrable until around eight years after randomization, whely that the aggressive tumors are more amenable to early
those tumors with intermediate survival will result in breastetection when they occur at a later age in the host’s life.
cancer death in the control group. The more rapid progression of grade 3 ductal cancers in
Our results support this varying effect, as shown in Figurgeunger women makes early detection more difficult. This is
1-4. The reduction in mortality from grade 3 ductal carcinoma&flected in steady incidence of Stage I+ grade 3 ductal cancers
begins to appear four to five years after randomization in tle the younger age group. The lesser and later mortality reduc-
50-74 age group (Figure 1b) and is hardly apparent in the 40-h in women aged 40-49 years can be explained by the fact
age group (Figure 1a). The diminished impact of grade 3 ducthht the mortality reduction is limited to the histologic types with
cancers on mortality in the 40—49 age group explains both timermediate survival—that is, to grade 2 ductal, medullary, and
reduced effect of screening on breast cancer death in youngemasive lobular cancers.
women and the lack of short-term benefit. The deaths prevente®ur results may also explain the difference in results observed
in this age group were from the Group Il cancers (grade ietween the two counties. We have published a 27% reduction
invasive ductal, medullary, and invasive lobular), showing ia mortality from breast cancer in the 40—-49 age group in W-
demonstrable benefit only after six to eight years in both ageunty as opposed to a 0% reduction in E-coury {Vhen
groups (Figures 4a and 4b). plotting the cumulative mortality curves by histologic type and o
We also compared the cumulative mortality by histologic typege in W-county, we observed a mortality reduction from grades
and age (as shown in Figures 1 and 2) with the cumulati@eductal cancers both under and over age 50, although there w&s
incidence rates of Stage I+ cancers by histologic type and agelesser reduction in the younger age group (Figure 3). Th@
The reductions in mortality from Group Il cancers were 5% aneduction in E-county was confined to the age group 50-745
39% for 40-49 and 50-74 age groups respectively (Figure (Figure 4). It should be kept in mind, however, that in the invitedi
The corresponding reductions in Group Il cancers of Stage Il group in E-county, age 40—49 at randomization, five breast canE{
worse were 0% and 37%. The mortality reductions from Growger deaths occurred among nonattenders with grade 3 cancgf
Il tumors were 36% in both age groups (Figure 2). The reducti¢h0). m
in Stage I+ tumors were 28% and 35%. These findings suggesSeveral factors have contributed to the decrease in mortahtg
that two-year screening in the 40-49 age group failed to detémim breast cancer in the Two-County Trial. One of the mostS
grade 3 tumors at an early stage, which in turn resulted in similarportant is reducing the tumor size and frequency of axillarys
incidence of Stage Il+ cancers in both the invited and contriyimph node metastases of grade 3 invasive ductal carcinomas.
groups. This indicates that poorly differentiated ductal cancei$so, there is a 15% reduction in the incidence of poorly dif—%
have a more rapid progression during their preclinical phaseferentiated ductal cancers in the ASP compared to the PSP in age
women aged under 50 compared to women 50 years of age gnoup 50-74 years, suggesting that some of the tumors m

older. dedifferentiate during growth and that early detection may stopy
progression of the malignancy grade. This is consistent with ouE
Discussion earlier findings, according to which approximately 50% of grade 2
1 and 2 ductal cancers have the potential to dedifferentiate dur<

Our analysis of mortality and incidence of Stage Il+ breasig growth in women aged 50-69 yeaid). We have not found &

cancer cases according to histologic tumor type has demarneduction in the incidence of grade 3 ductal cancers in womei
strated a considerable reduction in mortality from poorly diffemaged 40-49 years. This suggests that dedifferentiation of grade§
entiated ductal breast carcinomas in women aged 50-74 yeararat 2 cancers occurs rapidly in this age group, during the sho@
randomization, in spite of the long 33-month interscreening ipreclinical phasel2), and can only be prevented by shortening & z
terval, while only a 5% reduction was achieved with the 24he interscreening interval.

month interval in women aged 40—49 years. These findings im-The length of the interscreening interval for women agedg
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(a) 40-49: RR = 0.95 (0.55-1.64) (b) 50-74: RR = 0.61 (0.47-0.78)

220z 1snbny oz uo ¥

200
400

150
300

Fig. 1. Cumulative mortality
from breast cancer for ductal-
grade 3 carcinoma by age,
Swedish Two-County Trial.
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(a) 40-49: RR=0.64 (0.30-1.41) (b) 50-74: RR = 0.64 (0.48-0.86)
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40-49 is likely to be more crucial than for women aged 50 and The good correlation between relative mortality (ASP versus
over (15). Using Markov-chain models based on tumor siz€&2SP) and relative incidence of Stage Il and worse tumors, as
node status, and malignancy grade, we have recently demshewn in Figs. 1 and 2, suggests that the relative incidence of
strated that when changing the screening interval from threenors of Stage Il+ is a good predictor of the subsequent effect

years to one year, the proportion of tumors which are already mortality. This is in accordance with previous findings
advanced in their development (tumors of size 2 cm or mor®,6,7,9. The relative mortality predicted from tumor size, node
node positive, and grade 3) may be reduced from 17% to 5%status, and malignancy grade has also been shown to agree well
women aged 40-49 but only from 9% to 4% and from 6% to 3%ith observed relative mortalityl@).

in women aged 50-59 and 60-69 respectival).( Our results point out the particular value of malignancy grade
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in predicting how soon after initiating screening one can expedc#) Tabar L, Fagerberg G, Day NE, Duffy SW, Kitchin RM. Breast cancer

; : ; ; treatment and natural history: new insights from the results of screening.
to see a mortality benefit. If indeed the screening program re- Lancet 1992:339:412-4.

duces the incidence of grade 3 ductal cancers and/or reduces f§€shapiro S, Venet W, Strax P, et al. Ten- to fourteen-year effect of screening
tumor size and frequency of nodal spread of the poorly differ- on breast cancer mortality. J Natl Cancer Inst 1982;69:349-55.

entiated ductal cancers, one could be confident that breast cané®rTabar L, Fagerberg CJ, Gad A, et al. Reduction in mortality from breast

cancer after mass screening with mammography. Lancet 1985;l:
mortality will be decreased and that an early benefit will be gyg 35 g graphy:

demonstrable. At the other extreme, early detection of DCI&) Andersson I, Aspegren K, Janzon L, et al. Mammographic screening and
cases and tubular, mucinous, and grade 1 ductal cancers will mortality from breast cancer: the Malmeammographic screening trial. Br

Med J 1988;297:943-8.
have little demonstrable effect on morta“ty within 10-15 years(s Frisell J, Eklund G, Hellstrom L, et al. Randomized study of mammogra-

In conclusion, the results here suggest that the smaller and phy screening—preliminary report on mortality in the Stockholm trial.
delayed benefit of two-year breast cancer screening in women Breast Cancer Res Treat 1991;18:49-56.

aged under 50 years is mostly due to a small reduction in mof? Tabar L, Fagerberg G, Chen HH, Duffy SW, Gad A. Screening for breast
cancer in women aged under 50: mode of detection, incidence and histol-

tgliw from grade 3 ductal cancers. Progres'sion of grade 3 car- ogy. J Med Screening 1995;2:94-8.
cinomas seems to be more rapid and dedifferentiation of loge) Tabar L, Fagerberg G, Chen HH, Duffy SW, Smart CR, Gad A, et al.

grade cancers more frequent in younger women. This makes Efficacy of breast cancer screening by age: new results from the SwedlsPQj
Two-County Trial. Cancer 1995;75:2507-17.

early detection more difficult, especially with a two-year SCréeyyy tapar |, Fagerberg G, Chen HH, Duffy SW, Gad A. Tumor development, 5 f
ing interval. Accordingly, a shorter interscreening interval iS = histology and grade of breast cancers: prognosis and progression. Int §
required to detect these rapidly growing cancers at an earl(lle{) gﬁnceﬁagggifgélslv?/i bar L. Day NE. Markov ch dels 1§

en u apbar ay arkov chain models for pro-
stage in their natural history. gression of breast cancer: |. Tumor attributes and the preclinical screen
detectable phase. Submitted to Amer J Epidemiol.
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