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This article is the result of work undertaken
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stration Project Data Management Advi
sorv Group (BCDDP DMAG), which con
sists of the following members: Larry H.
Baker, M.D.. Chairman, University of
Kansas Medical Center, Kansas City,
Kansas; Thomas Carlile, M.D., Virginia
Mason Research Center, Seattle, Wash
ington; John R. Milbrath, M.D., Medical
College of Wisconsin, Milwaukee, Wis
consin; Barbara Threatt, M.D., University
of Michigan, Ann Arbor. Michigan; Fred
I. Gilbert. Jr., M.D.. Pacific Health Re
search Institute, Honolulu. Hawaii; Rob

Dr. Baker is Associate Professor in the De
partment of Community Health at the Univer
sity of Kansas Medical Center in Kansas City.
Kansas.
The author and the members of the BCDDP
DMAG wish to acknowledge the project directors
of the BCDDP who were invaluable in making
this project a success, and the more than 280,000
women who participated, without whom the
BCDDP would not have been possible.
The author and DMAG committee members
also wish to thank Ms. Najma Khalid of the
Data Management Center in Philadelphia for
her invaluable assistance accessing the com
puterized data base: and Ms. Judi Silverman of
the Data Management Center in Philadelphia
and Ms. Kay Wagner of the Department of
Community Health, University of Kansas Med
ical Center, for their technical assistance.
Supported by contract No l-CN-65376 from the
National Cancer Institute.

ert N. Hoover, M.D., National Cancer
Institute, National institutes of Health,
Bethesda, Maryland; Philip C. Prorok,
Ph.D., National Cancer Institute, Na
tional institutes of Health, Bethesda,
Maryland; Louise A. Brinton, Ph.D., Na
tional Cancer institute, National institutes
of Health, Bethesda, Man/and; Jan How
ard, Ph.D., National Cancer Institute,
National Institutes of Health, Silver Spring,
Maryland; Benjamin F. Byrd, Jr., M.D.,
Vanderbilt University School of Medicine,
Nashville, Tennessee: Herbert Seidman,
American Cancer Society', New York, New
York; Lawrence Gatfinkel, American Can
cer Society, New York, New York; and
Robert V. P. Hutter, M.D., Saint Bar
nabas Medical Center, Livingston, New
Jersey. Ex-Officio participants include:
Peter Greenwald, M.D., National Cancer
institute, Bethesda, Maryland; Richard D.
Costlow, Ph.D., National Cancer insti
tute, Bethesda, Maryland; Victoria C.
Goforth, National Cancer institute, Be
thesda, Maryland; George T. Foradori.
Ph.D., Data Management Center, Phila
delphia, Pennsylvania; and Robert G.
Burnight, Ph.D., National Cancer insti
tute, Bethesda, Maryland.

The Breast Cancer Detection Demonstra
tion Project (BCDDP) was implemented
to disseminate the techniques of early de
tection of breast cancer to both the public
and the medical profession. The project,
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which was jointly funded by the American
Cancer Society (ACS) and the National
Cancer Institute (NCI). became opera
tional in 1973. By 1975, there were 29
BCDDP centers at 27 widely distributed
locations throughout the United States, and
more than 280,000 women had enrolled
in the program.

Most centers recruited approximately
10,000womenovera two-yearperiodwith
a mandate to screen each woman for five
years and to follow them for an additional
five-year period. Participants were screened
for breast cancer on an annual basis using
a combination of medical history, physical
examination, mammography, and ther
mography' to detect breast cancer in its
earliest stages. Breast self-examination
(BSE) was also taught at the screenings,
and participants were encouraged to prac
tice BSE on a monthly basis.

Since the BCDDP was not originally
designed as a research or investigational
project, no provision was made for the sys
tematic collection of data from the centers.
It became apparent, however, that data
collected on the BCDDP population might
provide valuable information about breast
disease, and a few months after the pro
gram began, a Data Management Center
(DMC) was added. A uniform set of data
collection forms was developed, and the
DMC attempted to acquire and add to the
files all extant data from the operational
centers.

Screening was completed in March
1981 and a Data Management Advisory
Group (DMAG) was appointed by the NCI
to begin a descriptive analysis of the
BCDDP data base. The files will continue
to be edited and updated through June
1983, but it is expected that the basic dis
tribution of the data as it is summarized
below will not change significantly.

The BCDDP Population

Recruitment

At the beginning of the program, there was
some question about the feasibility of re
cruiting 280,000 women to participate in
a large-scale screening program for breast

cancer and motivating them to return for
five annual screenings. ACS volunteers
compiled lists of women to be contacted.
spoke on radio and television, made pre
sentations at meetings, and carried out a
variety of other activities aimed at inform
ing the public about the BCDDP and en
couraging women to participate.

According to a 10 percent sample of
the BCDDP participants. the most effec
tive methods of recruitment were infor
mation about the program from informed
friends and announcements in newspapers
and on television (Table I). These ACS
efforts were highly successful, and more
than 280,000 women joined the program.
As of September 1981, the DMC had at
least one screening document on file for
283,222 women.â€•

Age AtEntry

Although most centers accepted any woman
who wanted to be screened for breast can
cer, 99.4 percent of the participants were
between the ages of 35 and 74 when they
entered the program. The median age of
all BCDDP participants was 49.5 years.

Age at entry of the BCDDP population
at each annual screening is shown in Table
2. At the first annual screening, the pop
ulation is almost evenly divided between
women under 50 and those at or over 50
years of age. At subsequent screenings,
there is a slight decrease in the percent of

â€˜¿�Thermographywas discontinued as a routine
procedure in 1977 on the recommendation of
a special Working Group that was asked to re
view the BCDDP. Journal of the National Can
cer Institute 62:708, 1979.

â€œ¿�EachBCDDP participantwas assigneda
unique accession number, and all forms per
taining to that participantwere coded with this
number. When a woman transferred between
centers, she wasassigneda newaccessionnum
ber. Therefore,somewomenhaveFinalScreen
ing Recommendationsfiled under more than
one accessionnumber. At the time of this anal
ysis, the DMC had 1,074,019 Final Screening
Recommendation Forms from annual exams
and 276,593 Initial Patient History Records on
file.
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Source ofNumber ofPercentofInformationResponses*Respondents**

11,682

7,713

3,108

2,459

43.7

28.8

11.6

92

5.8

5.3

3.5

1.4

0.7

10.6

1,545

1,428

924

372

194

2,825

Friend

Newspaper

Television

Physician

Contact by
American Cancer Society Worker

Meeting

Radio

Church

Poster

Other

â€˜¿�Thesefigures are based on a 10 percent sample of Initial Patient History Records,
where participants may have listed more than one response.

â€œ¿�Percentsare based on the percentage of respondents (N = 26,756) who listed that
responseas a source of information. It totals more than 100.0 percent, since some
women listed more than one response.

women under 50 at entry and a slight in
crease in women at or over 50. By the fifth
annual exam, women under 50 constitute
45.6 percent of the population, and women
at or over 50 years of age, 49.5 percent.'

Analysis of the attendance patterns
also reveals a slight age trend (Table 3).
A higher percentage of women under 50
dropped out of the program after attending
only one or two annual exams, while a
higher percentage of women over 50 at
tended all five annual screenings. It is also
remarkable that regardless of age, more

than half the women who entered the pro
gram attended all five screenings.

Race
The majority of the BCDDP participants
were white (88.3 percent). Only a small
percentage of the population was black

â€˜¿�Thesepercentages do not add up to 100.0 per
cent, because data on age at entry is not avail
able for 4.4 percent to 5.0 percent of the pop
ulation over the five annual screenings.
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Demographic
ProfileAttendance

Patterns
(Number of Annual ScreeningsCompleted)lor2

3or4 5

Percent Percent PercentTotalNumberPercentAge

at Entry

<50

5O26.3

23.5 50.2

22.2 222 55.6134,129

100,0

134,012100,0Race

White, Non-Hispanic

White, Hispanic

Black

Oriental23.9

23.1 53.0

27.8 24.0 48.2

32.6 24.4 43.1

17.6 18.5 63.9240,351

100.0

7,702 100.0

14,864 100.0

8,188100.0Education

<12 Years

l2Years26.5

23.0 50.4

22.5 22.7 54.8157,255

100.0

117,728100.0Household

Income
(1973-1975)

<$15,000

$15,00025.9

23.4 50.7

22.2 22.5 55.2132,348

100.0

129,462100.0Marital

Status
at Entry

Married

Not Married23.4

22.8 53.8

28.5 23.9 47.6219,205

100.0

54,885 100.0

â€˜¿�Dataavailable on attendance patterns differ slightly from data available on annual
screenings. Data-not-available categories are omitted.
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Demographic Number of
Distribution Participants Percent

Household Income (1973-1975)

<$5,000 23,322 8.4

$5,000â€”$10,000 43,845 15.9

$10,000-$15,000 65,360 23.6

$15,000-$30,000 98,791 35.7

$30,000-$100,000 29,967 10.8

$100,000 860 0.3

Uncertain/No Response 14,448 5.2

Total 276,593 100.0

Education

1-8 Years School 15,535 5.6

9-12 Years School 142,755 51.6

1-3 Years College 64,087 23.2

4 Years College 30,616 11.1

5+ Years College 21,998 8.0

Uncertain/No Response 1,602 0.6

Total 276,593 100.0

Marital Status

Married 219,624 79.4

Single 11,617 4.2

Divorced 15,990 5.8

Separated 3,618 1.3

Widowed 23,778 8.6

No Response 1,966 0.7

.Total 276,593 100.0

â€˜¿�Thesefigures are based on Initial Patient History Records.
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Medical History Response Percent

Number of None 32
Breast Examinations One 3.5
by a Physician Two 3.9

Three or More 85.8
Uncertain/No Response 3.6

Number of None 80.5
Mammograms One 12.4

Two 3.1
Three or More 3.5
Uncertain/No Response 0.6

Breast Mass No 91.4
at Entry Yes 5.6

Uncertain/No Response 3.0

Number of None 82.0
Breast Surgeries One 12.9

Two-or More 4.7
Uncertain/No Response 0.4

Previous History None 98.7
of Breast Cancerâ€• Once 1.1

Twice or More 0.2
Uncertain/No Response 0.01

Previous History None 91.7
of Cancer Onceor More 6.5

Uncertain/No Response 1.7

Number of Relatives with None â€¢¿� 74.2
History of Breast Cancer One 17.6
(Includes Grandmothers, Two 3.8
Mothers, Sisters, Half Sisters, Three or More 2.4
Daughters, or Aunts) Uncertain/No Response 2.1

Breast .No 18.3
SelL-Examination Yes, Few Times 44.6

Yes, Regularly 35.9
Uncertain/No Response 1.3

â€˜¿�Thesefigures are based on a 10 percent sample of Initial Patient History Records.

â€œ¿�Thesefigures a@ebased on the number of breast surgerieswhere a cancer was found.

â€œ¿�Includesbreast cancer.
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(5.3 percent) or Oriental (3.0 percent).'
Race was specified as â€œ¿�otherâ€•for 1.0 per
cent. while for 0.7 percent. race was re
corded as uncertain, and 1.7 percent did
not answer the question. A more detailed
breakdown of participation by race is in
cluded in Table 4. The numbers of women
in many of these groups are very small
compared with the size of the non-Hispanic
white population.

The data on attendance patterns by
race (Table 3) show that a higher percent

Regardless of age, more than
half the women who entered the

program attended all five
screenings.

age of black women dropped out of the
program after only one or two annual
screenings (32.6 percent) than women of
any other racial group. Oriental women
had the largest percentage of attendance
at all five annual exams (63.9 percent).
The attendance patterns of non-Hispanic
white and Hispanic white women were
similar, although a slightly higher per
centage of Hispanic whites dropped out
after only one or two exams. and a greater
percentage of non-Hispanic whites at
tended all five annual screenings.

Income

Data on the household income of BCDDP
participants were collected from 1973 to
1975. when the median household income
in the United States was approximately
$1 1,000.â€•The BCDDP population was
almost evenly distributed between women
with household incomes less than $15,000
per year (47.9 percent) and women with
household incomes $15,000 or more (46.8
percent). and more than one third of the
women (35.7 percent) came from house
holds that earned $15,000 to $30.000 per
year (Table 5).

When attendance patterns are looked
at by household income (Table 3). a
greater percentage of women whose in

comes were less than $15,000 dropped out
after only one or two screenings. while a
greater percentage of women with house
hold incomes above $15,000 attended all
five annual exams.

Education

Data available on the education of partic
ipants are presented in Table 5. More than
40 percent of the women attended college.
and all but 5.6 percent attended high
school. As might be expected. there is a
slight trend toward increased attendance
among women with more education.

Marital Status

The great majority of the BCDDP popu
lation were married at the time of entry
into the program. Divorced, separated. and
widowed women totaled 15.7 percent of
the population. while 4.2 percent said they
were single (Table 5).

Data available for the population based
on attendance patterns showed a slight
trend toward increased attendance by mar
ried women (Table 3).

Medical History Prior to Screening

Although the program was designed to
screen asymptomatic women. the protocol
detailed no strict selection criteria for par
ticipation. Women who were concerned
about breast cancer. or who were at high
risk for breast cancer. were encouraged to
participate.

An indication of the degree of self-se
lection of BCDDP participants can be ob
tained from the Initial Patient History Rec
ords, which contain questions about the

â€˜¿�Informationon race is taken from the Initial
Patient History Records, and percentages are
based on the number of women completing the
first annual screening.

â€œ¿�Thisfigure is based on the 1974 U.S. median
household income from: Money income in 1977
of households in the United States, in Current
Population Reports, series P-60. No 117. US
Dept of Commerce. Bureau of the Census.
1978.
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medical history of participants prior to
joining the program. A 10 percent sample
(26,923) of these records was analyzed,
and a brief summary is given in Table 6.

In 93.2 percent of the sample, BCDDP
participants indicated that they had re
ceived one or more breast examinations by
a physician. Of the women sampled, 80.5
percent reported that they had never re
ceived a mammogram, and only 6.6 per
cent had received a mammogram more
than once. The BCDDP appeared to be an
appropriate population in which to intro
duce and demonstrate annual screening
with mammography.

In terms of pre-existing breast disease,
5.6 percent of the women sampled reported
an awareness of a breast lump at entry, and
17.6 percent indicated previous breast sur
gery. Of the sample, 6.5 percent reported
having some form of cancer prior to entry,
and 1.1 percent of the sample gave a his
tory of previous breast cancer. Family his
tory of breast cancer was reported in 17.6
percent of the sample. Family history was
defined in the Initial Patient History Rec
ord as breast cancer occurring in â€œ¿�grand

â€˜¿�From:A SurveyConcerning: Cigarette Smok
ing, Health Checkups. and Cancer Detection
Tests conducted for the American Cancer So
ciety in January 1977 by the Gallup Organi
zation Inc. Princeton, NJ.

â€œ¿�Sinceinitial BCDDP screening recommen
dation forms did not specify breast side, this
analysis selected the â€œ¿�worstcaseâ€•for disease
detected in both breasts followingthe sameex
amination(i.e., breast cancerwas selectedover
benigndisease). If a womanhadcancerdetected
in both breasts following the same annual exam,
only the more invasive carcinoma was selected.
Synchronous bilateral breast cancer occurred
within the same year in 149 women, or 3.4
percent of all cases. If a cancer was found in
the same womanat two differentannualscreen
ing examinations, the finding was recorded as
two separatecancers. Successivebilateralbreast
cancer occurred following different annual
screenings in 58 women or 1.4 percent of all
women with unilateral disease.

â€œ¿�Earlyrecall was defined as a scheduled fol
low-up mammogram and/or physical exami
nationwithin six monthsof an annualscreening
exam at which an abnormal modality fmding
was noted.

mothers, mothers, sisters, half sisters,
daughters, or aunts;â€•however, the Record
did not always indicate the specific rela
tionship.

The teaching of BSE was an important
part of the BCDDP. The Initial Patient
History Record also documented whether
women had practiced BSE prior to partic
ipation in the program. The results indi
cated that 80.5 percent of the women sam
pled had practiced BSE prior to entry; 35.9
percent of the sample practiced BSE on a

Longer duration prevalent
cancers seemed to be mainly

detected in a screened population
after age 45,

regular basis. This figure is consistent with
the findings of a Gallup poll published in
1977,' in which 35 percent of American
women reported performing BSE on a
monthly basis.

Cancer Detection in the BCDDP

A final total of 4,443â€•breast cancers was
recorded by the DMC as of September
1981. Of these, 3,557 cancers were de
tected by the BCDDP centers following
1,074,019 annual screening observations,
and 886 cancers were detected outside the
project.

Cancers have been classified as â€œ¿�proj
ect-detectedâ€•if they were detected as a
result of compliance with a surgical rec
ommendation made during an annual
screening or early recall exam (3,293 can
cers), or if a cancer was detected when a
woman who had been asked to come in for
an early recall examâ€•due to an abnormal
modality finding chose to see a surgeon be
fore the scheduled exam (264 cancers).

Cancers detected outside the project
have been classified into two groups: those
detected within one year after an annual
screening at which no surgical recommen
dation was made (744 interval cancers);
and those detected during the program
more than a year after a woman's last an
nual exam (142 postscreening cancers).
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All BCDDP cancers have been cate
gorized into four types of lesions: nonin
filtrating: infiltrating, less than one cm:
infiltrating, equal to or greater than one
cm: and size unspecified. To simplify the
presentation of data. lesions that were re
ported as noninfiltrating or infiltrating less
than one cm will be referred to as â€œ¿�mini
malâ€•cancers.

Within the BCDDP. recommendation
for surgery did not always specify a par
ticular surgical procedure. The recommen
dation may have been for a surgical con

The lower proportion of positive
nodes in the BCDDP is due in

part to earlier detection of breast
cancer as a result of periodic

screening with mammography
and physical examination,

sultation. for an aspiration. or for a biopsy.
Thus the surgical recommendation rates
derived from this program are nonspecific
and tend to be higher than the rates for a
given surgical procedure.

The nonspecific surgical recommen
dation rate for all women regardless of race
or age in the first year of screening is al
most twice that for years two through five
(Table 7). This is probably due to the pres
ence of breast disease of long duration or
prevalent breast disease in the population
prior to the first year of screening.

It is interesting that the surgical rec
ommendation rate for women 50 years of
age and older at entry during year one of
the program (60. 1 surgeries recommended
per 1.000 annual screenings) is higher than
that for women younger than 50 at entry
(52.7 surgeries recommended per 1.000
annual screenings). It is possible that this
difference reflects the higher prevalence
of cancer in the older age group.

After the first annual screening, the
surgical recommendation rates for women
50 years of age and older at entry remain
lower than those for women under 50 years
of age at entry. This is most likely due to
the increased prevalence of fibrocystic dis

ease in the younger age group. and the
consequent increase in the number of rec
ommendations for aspiration. The surgical
recommendation rates are not directly
comparable to the biopsy rates and/or can
cer detection rates, since they include rec
ommendations for biopsy. aspiration. or
surgical consultation and do not include
recommendations for early recall.

Figure 1 and Table 8 compare the bi
opsy rates,' cancer detection rates, mini
mal cancer detection rates. and the interval
cancer rates for years one through five of
the program. The cancer detection rates for
year one are much higher than for years
two through five and reflect the difference
between prevalent and incident cancer
rates. The cancer detection rates are rela
tively stable in years two, three, and four.
and drop off slightly in year five. Both the
cancer detection rates and minimal cancer
detection rates closely parallel the biopsy
rates in years one, two, and three, but the
biopsy rates decrease disproportionately in
years four and five.

The decline in the minimal cancer de
tection rates appears slightly greater than
the decline in the overall cancer detection
rates. This decline in the minimal rates is
due to a substantial decrease in the rates
for the under 50 age group (see age-spe
cific rates in Table 12). This is the age
group that had restricted access to mam
mography during the last 2Â½ years of
screening.

The interval cancer rates in Figure 1
and Table 8 are depicted at midyear. since
these cancers occurred between annual
screenings. A fifth-year rate was not de
termined for interval cancers, since there
was no mandate to continue collecting data
on interval cancers after the fifth year of
the screening program. An initial sample
of 20,000 â€œ¿�normalâ€•BCDDP screenees

â€˜¿�Includesbiopsies that were performed follow
ing a surgical recommendation made at an an
nual or early recall screening, and those that
were performed when a woman saw a surgeon
prior to a scheduled early recall screening to
follow up an abnormal modality finding.

â€œ¿�Normalâ€•participants refers to women who
did not have a recommendation for a biopsy.
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I @NRsco

1

2

3

4

56,944

3,898

3,118

2,875

2,66152.7

34.9

32.7

34.2

34.07,907

3,419

2,513

2,184

1,85960.1

29.8

24.9

24.1

21.9â€˜These

rates are not directly comparable to the cancer detection rates and biopsy
rates, since they include recommendations for biopsy, aspiration, or surgical
consultation, and they do not include recommendations for early recall examination.

â€˜¿�â€˜Ratesare per 1,000 annual screenings.

AgeatEntry<50 AgeatEntry,50

Vw Numbar Rate Numbr Rate

Age-and Race-SpecificCancer
Detection Rates

Tables 9 through 13 and Figure 2 are re
stricted to data for women aged 35 to 74
at entry. Table 9 shows the age-specific
cancer detection rates of this cohort for
years one through five and for all years
combined. There is a marked increase in
the prevalent, or first-year, cancers de
tected by the BCDDP with increasing age,
ranging from 1.0 cancers detected per
1,000 annual screenings in women aged
35 to 39, to a rate of 12.9 cancers detected
per 1,000 annual screenings in women
aged 70 to 74. There is a less dramatic rate
increase with age among the incident can
cers in years two through five, and within

matched to biopsied participants that were
surveyed after the completion of the pro
gram turned up no unknown cases of in
terval or postscreening cancers that oc
curred during the screening program prior
to year five. Thus, despite the absence of
an intensive follow-up of participants who
missed an annual screening during the pro
gram. data collected for the â€œ¿�Long-term
Follow-up of BCDDP Participantsâ€• indi
cate that the BCDDP centers were in
formed about the vast majority of the can
cers detected outside the project. and that
these data are included in the BCDDP data
base. It is notable that the interval cancers
occurred at approximately the same rate
throughout the program. This is a finding
that deserves further analysis.
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RatesYear1 1.5 2 2.5 3.54.5Biopsy

Performance
Rates

Cancer
Detection
Rates

Minimal
Cancer
Detection
Ratesâ€•

Interval
Cancer
Ratesâ€•358.1

187.6 173.4 145.9 117.8

55.8 26.5 25.2 25.4 23.6

18.4 8.5 8.6 8.0 7.0

8.0 7.7 8.07.5â€˜Rates

are per 10,000 annual screenings.

â€˜¿�â€˜Minimalcancers are defined as noninhiltrating cancers, or infiltrating cancers, less
than one cm in diameter.

â€œ¿� Includes those cancers detected outside the Project within one year after an

annual screening.

each age group the rates remain remark
ably constant over this time period.

Although there is an increase in first
year cancer detection rates with increasing
age, there is very little difference between
the prevalent and incident cancer detection
rates among women in the 35-to-44 age
group at entry. This implies that longer du
ration prevalent cancers are mainly detected
in a screened population after age 45.

Table 10 presents age-adjustedcancer
detection rates by race for women aged 35
to 74. Since the majority of the BCDDP
participants were non-Hispanic whites,
and the number of cancers detected in
women of other ethnic categories was rel
atively small, information about cancer
detection in these groups may be difficult
to interpret. Although the numbers are rel
atively small, the cancer detection rates in
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Fig. 1. Comparison of crude cancer detection rates, biopsy performance rates, minimal cancer
detection rates, and interval cancer rates for years one to five.
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Age
atEntryNonmalignant

to Malignant
BiopsyRatio35-3916.440-449.545-496.550-545.255-593.860-643,465-693.2

70-74 2.7Total

5.4

â€˜¿�Includesbiopsies performed for which a surgical recommendation was made at an
annualor earlyrecallscreening,and thoseperformedwhen a woman saw a surgeon
prior to a scheduled early recall screening to follow up an abnormal modality
finding.

Orientals. a characteristically low-risk
population. are similar to the rates for non
Hispanic whites. This may reflect a unique
group of Oriental screenees self-selected
into the screening program.

Biopsies Performed

Age is an important factor in examining
biopsy rates, since younger women have
a higher incidence of benign breast dis
ease, while older women have an increas
ingly higher incidence of breast cancer.
This trend is clearly demonstrated in Fig

ure 2. The nonmalignant biopsy rates are
higher in younger women, tending to level
with increasing age. These higher biopsy
rates in younger women, especially those
in the 40-to-49 age groups. probably re
flect the high incidence of fibrocystic dis
ease in women of this age.

Since cancer detection rates increase
with age, there is greater disparity in the
nonmalignant to malignant biopsy ratio in
younger women than in older women (Ta
ble 11). In the 35-to-39 age group. the ratio
of nonmalignant to malignant biopsy re
sults is 16.4 to I. The ratio falls to 2.7 to
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1 in the 70-to-74 age group. reflecting the
increasing incidence of cancer in older
women.

Detection of Minimal Cancers

Minimal cancers, which have been defined
as noninfiltrating and infiltrating (less than
one cm). constitute 32.4 percent of all can
cers detected in the BCDDP. Table 12
shows the age-specific minimal cancer de
tection rates for years one through five and
for all years combined. There is a definite
increase in the rate of minimal cancers
detected with increasing age for prevalent.
or year-one cancers. similar to that of the

Of the 4,443 cancers recorded in
the BCDDP population,more

than 80 percentwere detectedby
the 29 centers.

overall cancer detection rates shown in
Table 9. The minimal cancer detection
rates over the next four years also increase
with age. More striking is the decrease in
the minimal cancer detection rates in
younger women during years four and five.
This may be a result of the change in mam
mography guidelines, instituted in the
BCDDP in 1977. that excluded many
women who had not yet reached 50 years
of age from routine screening with mam
mography.

Interval Cancers

The interval cancer data include only those
cancers diagnosed outside the project within
one year after screening. As can be seen
in Table 8. the crude interval cancer rates
remain relatively stable over the four-year
period analyzed. from midpoint in the first
year of screening through midpoint in the
fourth year of screening (8.0. 7.7. 8.0. and
7.5 interval cancers detected per 10.000
annual screenings).

The age-specific interval cancer rates
shown in Table 13 also tend to be relatively
stable over the four years. In contrast to

the cancer detection rates (Table 9). the
interval cancer rates do not increase mark
edly with age. Although there is an initial
increase from ages 35 to 45. the rates
among postmenopausal age groups remain
remarkably flat.

How Cancer Was
Detected in the BCDDP

The Screening Modalities

At the outset of the program, the combined
modalities of medical history, physical ex
amination, mammography. and thermog
raphy were used to screen participants.
Two policy changes in the BCDDP oc
curred in 1977 that affected the data from
the third to the fifth annual screening.
Thermography was dropped as a screening
modality, and restrictions were placed on
the utilization of mammography for women
younger than 50 years of age at the time
of examination. While all women 50 years
and older were still candidates for routine
screening with mammography, only women
under 50 years of age who were at high
risk of breast cancer were eligible.'

The absence of these two screening
modalities made the program less attrac
tive to women under 50 years of age. since
now only BSE training and physical ex
amination were routinely available to them.
Concern about radiation exposure further
decreased the number of eligible women
electing mammography for screening.
Since, after the guidelines changed. most
mammography in women under 50 years
of age was performed on the basis of an
abnormal physical exam, the dependence
between modalities increased, and oppor
tunity for diagnosis by mammography
alone was reduced.

â€˜¿�High-riskwomen, less than 50 years of age at
the time of examination, were defined as fol
lows: 1) Women aged 35 to 39 were considered
to be at high risk if they had a personal history
of breast cancer or an abnormalphysicalexam:
2) Women aged 40 to 49 were considered to be
at high risk if they had an abnormal physical
finding, had a personal history of breast cancer.
or had a mother or sister who had a history of
breast cancer.
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The distribution of suspicious modal
ity findings for the BCDDP is presented
in Table 14 and is compared with the re
sults of the Health Insurance Plan (HIP)
of Greater New York Screening Program.
a clinical trial conducted in the l960s. The
purpose of the HIP study was to determine
whether periodic screening played a sig
nificant role in reducing mortality from
breast cancer. As demonstration projects.
the 29 BCDDP centers were not designed
to address research issues on the effec
tiveness of screening to reduce mortality.
However, the program did stimulate con
siderable interest about the contribution of
mammography in the detection of early
stage breast cancer.

A high proportion of
cancers detected within the
BCDDP are localized, and

according to tumor registry data,
these patients should have an

excellent prognosis.

The HIP study maintained strict in
dependence of observations between mam
mography and physical examination.' In
the BCDDP. the degree of independence
of observations at both the examination
and reporting stages varied between the 29
centers. Independence of modalities was
decreased when a mammogram was per
formed solely on the basis of an abnormal
physical finding in women under 50. or
when a screenee was recalled to a center
for follow-up of an abnormal finding on
the physical exam or mammogram. As a
result of this dependence between modal
ities in the BCDDP. the percentage of can
cers detected by mammography alone, or
physical exam alone, tends to be reduced.
while the percentage detected by both mo
dalities is inflated. Despite this fact, mam
mography alone was responsible for the
biopsy recommendation in 41.6 percent
(1,481 of 3,557) of the cancers detected
in the BCDDP. compared with 33.3 per
cent in the HIP study.

The HIP study demonstrated signifi
cantly reduced mortality from breast can
cer in screened women aged 50 to
59. â€œ¿�wheremammography alone was re
sponsible for the biopsy recommendation
in 41 .5 percent of the cancers detected.

Among this age group in the BCDDP. 42.1
percent of the cancers were detected by
mammography alone (Table 14). In the
HIP study. mammography was positive
(whether or not physical examination was
positive) in 60.0 percent of all cancers de
tected in the 50-to-59 age group. In con
trast. mammography was positive in 91.8
percent of the BCDDP cancers detected in
the same age group. Physical exam alone
was responsible for the biopsy recommen
dation in 40.0 percent of the HIP cancers
and in only 6.7 percent of the BCDDP
cancers for women in the 50-to-59 age
group.

Among the 40-to-49 age group. the
HIP study detected low numbers of can
cers. and mammography alone was re
sponsible for the biopsy recommendation
in only 19.4 percent (6 of 31). In the
BCDDP, larger numbers of cancers were
detected in this age group. and mammog
raphy alone was responsible for 35.4 per
cent (270 of 762) of cancers detected.
Mammography was positive (whether or
not physical examination was positive) in
only 38.8 percent of the cancers detected
in women aged 40 to 49 in the HIP study;
the same was true for 85.4 percent of the
cancers detected among this age group in
the BCDDP. Physical exam alone ac
counted for the biopsy recommendation in
61.3 percentof the HlPcancers and in 13.1
percent of the BCDDP cancers in women
aged 40 to 49.

It is apparent from these data that
mammography played a significantly greater
role in the diagnosis of breast cancer in the
BCDDP than in the HIP study among both

â€˜¿�ShapiroS. Strax P. Venet L: Periodic breast
cancer screening, in Presymptomatic Detection
and Early Diagnosis. London. Pitman Medical
Publishing Co Limited, 1968, pp 203â€”236.

â€œ¿�ShapiroS: Evidence on screening for breast
cancer from a randomized trial. Cancer 39
(suppl):2772â€”2782, 1977.
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Fig. 2. Age-specific nonmalignant and malignant biopsy rates for years one to five.
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Suspicious
ModalityBCDDP**HIP***Ages

40-49
at Surgery

Number PercentAges

50-59
at Surgery

Number PercentAges

40-49
at Surgery

Number PercentAges

50-59
at Surgery

NumberPercentMammography

Only

Mammography
& Physical
Examination

Physical
Examination
Only

Unknown

Total270

35.4

381 50.0

100 13.1

11 1.4

100.0540

42.1

638 49.7

86 6.7

19 1.5

l,283@ 100.06

19.4

6 19.4

19 61.3

0 0.0

31 100.027

41.5

12 18.5

26 40.0

0 0.0

65 100.0

â€˜¿�Includesmodalities that have findings with one or more features interpreted as sus
picious of malignant or benign breast disease.

* â€˜¿�BCDDP cancers shown in this table include only those cancers detected following a

surgical recommendation'made at an annual or early recall screening.

â€˜¿�â€˜â€˜From:Shapiro S: Evidence on screening for breast cancer from a randomized trial.
Cancer 39 (suppl): 2772-2782, 1977.

tlncludes 30 breast cancer cases in which a mammogram was not performed for any
reason, such as exam refused, exam not recommended for a woman under 50 years of
age, or exam technically not satisfactory. Exclusion of these cases changes the distribu
tion of suspicious modalities to: Mammography Only, 36.9 percent; Mammography and
Physical Exam, 52.0 percent; Physical Exam Only, 9.6 percent; and Unknown, 1.5 per
cent.

ttlncludes 17 breast cancer cases in which a mammogram was not performed for any
reason, such as exam refused or exam technically not satisfactory. Exclusion of these
cases changes the distribution of suspicious modalities to: Mammography Only, 42.7
percent; Mammography and Physical Exam, 50.4 percent; Physical Exam Only, 5.5 per
cent; and Unknown, 1.5 percent.
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age groups. This is most likely due to tech
nological changes in the quality of mam
mography between the HIP study of the
l960s and the BCDDP of the l970s.

Analysis of suspicious modality find
ings by breast cancer lesion size (Table 15)
highlights the importance of mammogra
phy in detecting noninfiltrating and infil
trating cancers (<1 cm). Mammography
alone was responsible for recommending
a biopsy in 59.0 percent (461 of 782) of
the noninfiltrating cancers. and it was re
sponsible for the biopsy recommendation

In the 40-to-49 age group, the
HIP study detected low numbers
of cancers, and mammography

alone was responsible for
the biopsy recommendation in

only 19.4 percent; in the BCDDP,
larger numbers of cancers

were detected, and
mammography alone was

responsible for 35.4 percent.

in 52.6 percent (195 of 371) of the infil
trating cancers (<1 cm). Due to the greater
role of physical exam in diagnosing larger
cancers. mamn,ography alone was positive
in 33.7 percent of the infiltrating cancers
(@1 cm).

Breast cancers detected by the BCDDP
are stratified by lesion size and nodal status
at surgery in Table 16. As expected. non
infiltrating breast cancers either did not
have findings warranting nodal dissection.
or had nodes that were negative on histo
logic examination. Only 14.3 percent of
infiltrating cancers (<1 cm). and 29.2 per
cent of infiltrating cancers (I cm) had
positive nodes.

Overall, less than 20 percent of all
cancers detected within the BCDDP had
positive nodes at surgery. This is consid
erably less than reports from outside
screening programs where 53 percent of
all breast cancer cases have positive nodes.@

Table 17 presents the distribution by
lesion size and nodal status at surgery for

the interval cancers diagnosed outside the
BCDDP. A comparison between this table
and Table 16 shows that a higher propor
tion of interval cancers have positive nodes
(24.2 percent). but that this is also sub
stantially lower than might be expected
from tumor registry data or other reports
outside screening programs. It is interest
ing that the greatest difference in nodal
status is among infiltrating cancers (<I
cm), where 21.6 percent of smaller inva
sive interval cancers had positive nodes.
compared with 14.3 percent of all such
cancers detected by the projects. Since in
terval cancers were diagnosed outside the
program within one year of screening. it
is suggestive that they are more aggressive
tumors. rapidly metastasizing to nodes. A
lower percentage of the interval cancers
were noninfiltrating. but the distribution
of infiltrating cancers by lesion size is sim
ilar to cancers detected within the projects.

The lower proportion of positive nodes
in the BCDDP is due in part to earlier
detection of breast cancer as a result of
periodic screening with mammography
and physical examination. The nodal status
of cancers detected according to suspicious
modality findings and lesion size is shown
in Table 18. The lowest percentage of pos
itive nodes for all lesion sizes is found in
cancers detected by mammography alone.
Interestingly. both the physical examina
tion only and mammography only cate
gories have a lower percentage of positive
nodes than the cancers detected when
mammogram and physical exam are both
positive, a finding that deserves further
analysis.

Summary

It is apparent that the BCDDP data base
is unique because of the amount of infor
mation available about screening large
numbers of women and about the nature
of breast disease detected under screening
conditions. Large numbers of women were

â€˜¿�AxtellLM. AsireAJ, MyersMH(eds):Cancer
Patient Survival: Report Number 5. DHEW
Publication No (NIH) 77â€”992.Bethesda, Md,
National Cancer Institute, 1976.
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successfully recruited into the screening
program through the ACS volunteer net
work. and these women enthusiastically
returned to the program for periodic
screening and education over the five-year
period. A majority of the participants came
to all five annual screenings (51.7 per
cent). This high compliance to screening
signified the importance with which women
viewed the program.

Of the 4,443 cancers recorded in the
BCDDP population. more than 80 percent
were detected by the 29 centers. Approx
imately one third (32.4 percent) of the
3.557 cancers detected by the centers were
smaller cancers, either noninfiltrating or
infiltrating cancers (<1 cm). More than 80
percent of all cancers detected showed no
evidence of nodal involvement. Although
there is no preselected comparison group.
it is clear that a high proportion of cancers
detected within the BCDDP are localized.
and according to tumor registry data, these
patients should have an excellent prog
nosis.'

â€˜¿�AxtellLM, Asire AJ. Myers MH (eds): Cancer
Patient Survival: Report Number 5. DHEW
Publication No (NIH) 77â€”992.Bethesda, Md,
National Cancer Institute, 1976.

Physical examination and mammog
raphy both contributed cases not detected
by the other, but the contribution of mam
mography was substantially greater. The
relative contribution of mammography
alone (in the absence of positive physical
findings) was 41.6 percent compared with
8.7 percent for physical examinations (in
the absence of positive mammogram find
ings). This relative contribution of mam
mography was impressively high in the
detection of smaller cancersâ€”59 percent
for noninfiltrating cancers and 52.6 per
cent for infiltrating cancers (<1 cm).

The relative contribution of mammog
raphy was also impressively higher than
had been shown in previous reports (the
HIP study) for breast cancer detection in
younger women. When mammography
was removed as a routine screening mo
dality for women under 50 years of age.
the minimal cancer detection rates in this
age group decreased.

The information in this article repre
sents only a part of the BCDDP data base.
It is hoped that researchers from a multi
plicity of disciplines will be able to use the
data base to provide new insights into the
detection of breast cancer and the natural
history of this disease.
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