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time trends from metropolitan registries Stage 3: distant disease--metastases
are often confoundedby majorchanges in beyond axillary lymph nodes.

Rising Incidence of Breast thedemographicmakeupofthepopulation Population Dataover time.

Cancer: Relationshipto Stage Wehave used data from botha popula- Population figurescame from data rou-
and Receptor Status tion-based tumor registr) and individual tinely compiled by KP on its members.

medical records tocharacterize, ingreater Wecalculated incidencerates by applying
Andrew G. Glass,* Robert N. detail, the changing incidence of breast tumor registry figures to the population
Hoover cancerin the relativelyhomogeneouspop- at risk: the relevant subgroup of KP for

ulationof a largeprepaidhealthcare plan. the particular age. sex. and year of in-
terest. We performed age adjustmentx_ith

B'e used the population-based tumor Subjects and Methods the direct method, using 5-year age
groupsand standardizing to the 1970stan-

registry of Kaiser Permanente in the Cases of Breast Cancer dard miltion--a standardized populationUnited States (Portland, OR) to analyze
breast cancer incidence from 1960 to Our population sample comprised all againstwhich incidence ratescan be com-
1985. Overall, incidence rose 45% dur- newly diagnosed primary breast cancers pared(see ref. 1, pp. 21 and 701).

ing this period. The largest increases among members of Kaiser Permanente Hormone Receptors
occurred in women 60 years of age or (KP). Portland. OR. from 1960to 1985.
older (74%) and in those 45-59 (36%). Included were 1,830women with disease From February, 1972 until September
The rate in women aged 20--44 has re- diagnosedand treatedprimarilyat KP and 1974, specimens for hormone receptor
mained essentially unchanged. Local- 10 women with disease diagnosed at KP assav from pnmar2,. breast cancers were
ized and regional disease showed simi- but treated else_here, analyzed at the Worcester Institute
lar increases. Review of medical records Histologicalconfirmationof the cancer _Worcester. MA) by' the sucrose gradient
revealed that only a small portion ofthis was obtained in all but four of the 1.840 method. Subsequently. all specimens
increase _as likely to result from in- cases: three were diagnosed on clinical were analyzed for estrogen receptor ,ERI

by the dextran-coated-charcoal methodat
creased screening activities. From the groundsand one by xray alone.We report
increased availability of receptor assays here onlyon the subsampleof 1,765 inva- the Oregon Health Sciences University
in a large proportion of cases since the sivecancers. , IOHSU; Portland. ORI.
mid-1970s, we observed that incidence All cases of breast cancer were staged Quantitatixe results from these t_o !ab-
of estrogen receptor-negative cancers by the KP tumor registrarsusing conven- oratories are used in this stud,,', For this
rose 22%-27% between the mid.1970s tionsoftheAmericanCoile,.'eofSurgeons paper, we have considered a receptor
and the mid-1980s. In contrast, inci- and the American Joint Commission on
dence of estrogen receptor-positive tu- Cancer (3). Registrarsused material from
mors increased an average of 131% in the inpatient and outpatient medical
the same period, perhaps implicating records, pathology reports, and tumor
hormonalfactors in the rising incidence board discussions to stage each case. Ax- Received August 7. 1989:revisedDecembe:28.
of breast cancer. [J Natl Cancer Inst illary lymph nodes were consideredto be 1989:acceptedJanuary 8. 1990.Supported by Public Health Service contract CP-
82:693-696, 1990] involved only if cancer was present on 41059fromtheNationalCancerInstitute.Nz:ional

pathological examination. The staging Institutesof Health. Department of Health and Hu-

procedure was routinelyauditedby physi- manServices.
The incidenceof breastcancer has been cian supervisorsof the registr)'. A.G. Glass.CenterforHealthResearch.Kaiser

Permanente, Portland. OR.

rising steadily in the United States for at For the purposes of this stud), we R.N. Hoo_er.EnvironmentalEpidemiology
least 50 )'ears (I). and few explanations groupedcases into three stages: Branch.NationalCancerInqitute.Bethesda.MD.
account for the increase. Stage 1: localized disease--confined WethankBeverly Batta,zliaandherstaff._:the

Data from large, population-based reg- to the breast: KaiserPermanenteTumorRegistry and Brenda
istries (2), whileencyclopedic, are limited Stage 2: regional disease--involving Rush.JulieTruby. and DrudySeifuddinattheCenter

for Health Research for their careful preparation of
by the absence of detailed information, axillary lymph nodes and/or data.

which is available only from individual direct extension beyond the *Correspondence to."Andrew G. Glass.MD.,
patients' medical records. In addition, breast: and MI4 N. Kaiser Center Dr.. Portland. OR97227.
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Table !. Breast cancer incidence by age and period of diagnosis*

Age-adjusted ratel I00,000 population ± SD for age groups
Period of diagnosis

20-44 yr 45-59 yr _>60 yr All ages

1960-1964 36.1 4- 8.5 (18) 164.2 4- 25.0 ¢43) 214.8 4- 5.5 (34) 69.2 + 7.4 (95)
1965-1969 36.8_+6.7 (30) 166_1 =40.4 (73) 303.4+ 9.2 (88) 81.6±6.2(191)
1970-1974 36.7 +5.4 (48) 169.0+45.9(108) 284.2 + 11.0¢127) 79.3 ±4.8¢283)
1975-1979 40.4 ± 4.8 (75) 217.5 ::t:51.8 (156) 287.7 -1--11.8 (164) 89.2 4- 4.5 (395)
1980-1985 34.4 ± 3.3 (I 18) 221.5 + 72.8 (236) 374.6 + 12.4 (447) 100.3 4- 3.6 (801)

*Values in parentheses = No. of cases.

value as negative (ER-) at levelsless than 1960-1964 and 1965-1969, the propor- 1965, which is the period of more stable
I0 fmol'mgofcytosol protein and positive tion of cases diagnosed in a localized proportions of disease at various stages,
(ER+) :.tvalues of 10fmol/mgand above, diseasestage increased from 50% to 58c_. we can better appreciate the changes in

The dividing point of 10 fmol/mg be- This increase was coupled with a comple- breastcancer incidence by stage at diagno-
tween negative and positive .receptor mentary decrease in the diagnosis of re- sis (fig. 1).For invasive cancer, localized
values should have been unaffected by gional disease from 42% to 32%. Since diseaserose 25% bet',veen 1965-1969 and
modifications introduced to improve thattime, localized breast cancer has rep- 1980-1985. During this same period, re-
quantification of specimens particularly resented 54%-58%, and regional disease gional cancers increased 21%. Incidences
rich in receptors (Keenan EF: personal 31%-34%, of all newly diagnosed cases, of distant disease represented a small frac-
communication). The OHSU laboratory Cases diagnosed as distant disease re- tion of the cases, but its incidence briefly
participated inquality-controlprogramsof mained a minor fraction !5%-7%) of all rose in theyears 1970-1979. then returned
climcal cooperative groups and was re- newcases, to the 1960-1964 level during the most
peatedly tested and certified. By concentrating on the time since recent period ofobse_'ation.

Results
1 O0 I

The overall age-adjusted annual rate of [
invasive breast cancer rose 45%. from I69.2 to 100.3/100.000 population, in the ---
period bet_een 1960-1964 and 1980- ,.-__
1985qtable1).This ratevaried byage: the _ [
greatest rise occurred in women 60 years ,.l-

of age or older (74%), andan intermediate --.._ .... s
increase ;_as obse_ed in women 45-59

I
(36%). There was no consistent rise in
incidence among women aged20-44 dur- o
ing this period. 6

Increases in incidence for women a_oed

45-59 a ere sharp between 1970-1974 and
1975-1979 and much smallerduringother
intervals. Similarly, for women 60 or
older, the increasecame in two sharp rises .................................
between the first and second periods of ................... ".........
observation (1960-1964 and 1965-1969)
and between the periods 1975-1979 and
!980-1985. # o¢ causes

While suchvariation couldbe causedby LOC. 4e 114 ;55 226 ,e6
small numbers of cases in some age cate- REO. ,,1 eZ 9g _3,* 2_e
gories, these data could also indicate dif- D_s. • 10 2_ 2a a7
feting risks .or different birth cohorts as
they pass through the breast cancer age _ _ _ ' J '
range over the period of observation. _960-64 1965-69 1970-74 1975-79 1980-85

Over the 26 years of observation, the YEAR OI_ DIAGNOSIS
stage at diagnosis of newcases of breast Figure 1. Age-adjusted breast cancer incidence b_ calendar perils and stage at diagnosis. LOC = localized
cancer has changed only slightly. Between disease ( ). REG = regional disease 1----), DIS = distant disease (.... ).



There have been indications that much Table 2. Sur_zvalrate by pent_l of diagnosisandcancerstage

of the increasein breastcancerincidence c,_survivalforperiod
may simply result from increased detec- Stage

tion due to mammographic screening ac- t965-1969 1070- [974 1975- 1979 1980-1985

tivities. Because mammographic screen- Localized disease 82 86 _4 80
ing was used little before the 1970s. Regional disease 63 65 70 72
screening activities are unlikely to explain Allstages 72 74 75 73
any increase during that period. Thus, we
focused our attention on three intervals

from 1972 through 1985. In the period
1972-1976_theage-adjustedrateforinva- breast cancer and multimodality therapy from 25.4 in 1974-1977 to 31.0 in
sive breast cancer was 87.0/100,000 pop- for metastatic disease. In contrast, until 1978-1981, and then to 32.3 b_
ulation; it rose to 91.6 in the period recently, only a minority of women with 1982-1985. The increase in ER+ tumors
1977-1981 andthento 100.3 in the period localized disease (stage 1) were treated during these same periods was 131%.
1982-1985. resulting in an overall in- withhormonaltherapy or chemotherapy, from 24.9 to 39.9 to 57.5/100.000. This
crease of 15.3%. In the period 1974-1977, ER assays rising incidence involved both localized

We reviewed the medical records of were performed on 58% of the newly and regional disease to a similar degree.
women with disease diagnosed in 1972. diagnosedbreast cancers. Since 1978, ER The rise in ER-- cancers with distant
1979. or 1985, paying particular attention determinations have been performed in disease was larger still, but the number of
to events surrounding the time ofdiagno- 87% of new cases, and most recently cases _as small and the rates were un-
sis. No woman with disease diagnosed in (1984-1986). in 95% of ne_ly diagnosed stable.
1972or 1979and onlv 16of 178(9%)with cancers. We anal\zeal 1.226 records of The sharp rise inER -_cancersoccurreJ
diaenosis in 1985 had breast cancer first invasive breast cancer from the period on!vin women older than45 years of aoe
detected by a screening mammogram. 1974-1985. Of these cases. 981 had ER and particularly in those 60 or older _table

Screening activities primarily inflate determinationsand 245 did not: 26 addi- 3). The incidence rose 59% for women 60
rates through the dramatic increaseassoci- tionalcases had ER analysis, but the stage or older and 32% for women aged 45-59.
ated with the first screening, the "preva- was unknown. The rates tor ER- cancers fell 27% in
lence'" examination. In this examination. When these values were ad usted for women45-59 androse o7/c in those 60 or

substantial numbers of lesions present for age. there was no major difference in the older. Because of the high degree of cor-
some time are identified simultaneously, rateof performancefor ERdeterminations relation between ageand ER status, resid-
As a result, initial rates for breast cancer for localized (80%)or regional i84%) dis- ual confoundingcould bea concern. Hox_-
are about twice the incidence seenprior to ease. Among distant disease cases. 47c/ ever. for each 5-year age group from
and following the examination. It we as- had no ERdetemfination, but the number 30-34 to 80-84. the rise in rate ot ER-
sume that all cases identified through of casesaccounted for onl_ 32 women in tumors from 1974-1977 to 1982-1985
:,creening (9_) resulted from prevalence the entire sample. After adjusting for rangedfrom 31"_to 79c,_.
examinations, then this percentage would sta_,e,. the rate for performance of ER
have been twice the number expected in determinations was comparabie 177%-

the absence of screening. Thus. 4.5% of 83%_ across all age groups. Therefore, Discussion
the rate in the final period might result failure to perform ER determinations.
from screening alone and would account whichoccurredin 17%-23%of the cases, The rate of invasive breast cancer ha,
for less than one third of the overall 15.3% ,,,,'asnotconcentratedinany.a,,e_,group, but increased45% in the 26 ,,ears of obser'_a-
increase, the rate was higher for cases of disease tion between 196(3and 1985. Despite thi_

Survival patterns were ago investigated alreadymetastatic at diagnosis, rather remarkablerise and other repots of
Itable 2). Over the years of observation. Using population figures for the years similar findings ll.4.5), littleattention has
from 1965-1969 to 1980-1985. there was 1974-1985. we calculated incidence been paid to this phenomenon. The rise
no change in survival for women with rates, adjusted to the 1970 standard rail- has been consistent and insidious at
localized disease. The rate fluctuated be- lion. for breast cancers by ER status and l%-2%year, and it has persisted over
t_een 80% and 86% at 5 years, For re- stage at diagnosis. O,'eralt. incidence of severaldecades. Becauseefthe frequenc:
gional disease, survival seems to have ER- breast cancer had risen 27%. Per andmortality of breastcancer, tl_ereasons
improved from 63% to 72% during this 100.000 population, incidence increased for this increase need to be identified and
period. The small numberof deathsresult-
ing from distant disease limited calcula-
tion to two periods, 1960-1974 and Table 3. Breast cancer incidence by age and perkKIof diagnosis for ER* cancers

1975-1985, and the 5-year survival rate
Age-adjusted rates,' 100,000 population for age groups

increased from 28% to41%. Periodofdiagnosis
The improvements lbr regional and dis- 20-44 yr 45-59 yr .>_60yr

tant disease date from 1974-1975, when
1978-1981 12.7 83.9 157.3

KPbegan its activeparticipation inclinical 1982-1985 12.g 111.0 249.3
trials of adjuvant treatment of stage 2
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examined from the public health stand- (6.7). while changes in fertility have flue- morelikely to be ER+. Such cancerscarry,
point, tuated widely over the lastcentury, a generally better prognosis, since they

The greatest increases have occurred in The increase inbreast cancer is unlikely tend togrow more slowly and are sensitive
women 60 years of age or older, while to be due to an artifact of cancer registra- to hormonal manipulation. With such ma-
there has beenno increase for women aged tion. Because of the nature of their insur- jor changes occurring in the incidence of
20-44. Aftervalues were adjusted forage, ance coverage, KP members may occa- breast cancer, one must be cautious when
the incidence of cancers rich in estrogen sionally receive medical care from commenting on improving mortality sta-
receptors rose much faster than that of community physicians. However, care of tistics t4,8). The data do not show non-
cancers that were receptor poor. For the chronic disease, particularly cancer, oc- treatment-related improvements in sur-
most part. the incidences of localized and curs almostexclusively in KP facilities. In vival, butover the last few years, therehas
regional breastcancers have increasedat a addition, comparisons of KP data with been a marked trend toward a type of
similar rate. In addition, there have been those of the Connecticut Tumor Registry breastcancer with better prognosis. Thus,
no major changes in the stage at diagnosis reveal a close correspondence in rates for we may see future improvements in mor-
of breastcancer during the last 20 years, thoseyears (1960-1979) for which figures tality rates just from inclusion of a greater

Speculation that much of the increased from both registries are available. The KP number of women with less virulent dis-
incidence of breast cancer could be attrib- age-adjustedrates per 100,000 population ease.
uted to detection by mammographic during this period were 69.2, 81.6.79.3.
screeningor to greater useof routine phys- and 89,2. The comparable Connecticut
ical examinations is not supported by our figures (1) were 72.8. 80.4, 88.1, and References
data. Cases detected by mammography 91.2. The KP rate for 1980-1985 t100,3
screenine were a factor only in the most 100.000) extends this rise to the mo_t ,,'_HLsroNJF.KELL',JB.MEIGSJW.ET_k.LDS:

Forty-five year., of cancer incidence in Connect-
recent period. Even under some extreme recent calendarperiod. _c,,t: 1935-79.Nail Cancer In_,tMonogr
assumptions, these cases could have only Perhaps the most provocative aspect of 70:1-706.19s6
accounted for less than one third of the this investigation is the evidence Calthat _2_Yoc,_C,JLJR.PERc'tCL.AstREAJ.EDs:Sur_eil-

lance, epidemiolog), and end results: Incidence
increase seen from the mid-1970s to the the rise in breast cancer incidence is most andmortality data:1973-77.NatlCaf.cerInst
mid-1980s.Further. thetreatment-related, marked for women with ER+ cancers. Monogr57:l-1082. 1981
modest improvements in survival for especiallythose60vearsofaeeorolderat _3}BEAHRSOH.HExsOr,DE.HLrrERRVP.ET:,',_." _ EDS: American Joint Committee on Cancer.

wornen with regional and distant disease, diagnosis and _b) that this accounts for a ManualforStaging ofCancer.2nded.Phihdel-
along with the stability of survival for large fractionof the total increase in inci- phia: Lippincott. 1983

: localized disease and all sta_es tozether, denceobserved. IfER- and ER- cancers _4_SO\DtKEJ.Yot'_C,JLJI<HokMJW._T:,L:!986
_ Annual cancer statistics revie_v. Bethesda. biD:

indicate that cancers diagnosed more re- havedifferent etiologic factors, hormonal NationalCancerInstitute.1987
centlv were as significant as those seen in influences could be responsible for the {5_B_LL.+,P,D-B+,gB_,St_R.GR_FFI\MR.\VO__>t.E.
earlier years, differentialrise in ER- breast cancer over _:T-_L:Brea_,tcancerin residentsof Roclae,'er.

Mmnesota: Incidence and ,ur_ival. 1935 to

A possible explanation of increases in time. 1982.Ma)oClinicProc62:192-198.19g-

incidence over time might be changing Our findings are interesting from an _mC';LERSJ. DEXES-_SS. B._,RCL.'_THC:The

breast cancer risk profiles, particularly etiolo_,icpoinl of vie_. but the,, ma_ al_o magnitude of the brea>t cancer problem. Recem. a " Results Cancer Re> 57: I-9. 1_76

those relatedto fertility of successivebirth have major implications for planning of _7_GL_:,sAG.H,,o',>.RR.N:Changing inc_.2¢r.ce,,f
cohorts. R._sesin breast cancer incidence, future therapeutic trials. The nature of breastcancer.JNatlCancerIn,,t80.106-i_"-.
however, b.axe occurred ix1each succes- breastcancer may be changing ina funda- I9ss

_,',_ gLO'f WJ. D.'-',ES_,SS. FR;,t x_i-.xlJF J_: Declm-

sire birthcohort inthe KPTumor Registry mental wa',', The incidence in older lngbreastcancer m,,nality anaong)oungAmer-
and in the Connecticut Tumor Registry' women is increasing, and their cancers are i,:anwomen.JNCI78:451-454.198_
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