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Abstract

This study reports on the 20-year follow-
up of the women diagnosed with breast
cancer in the Breast Cancer Detection
Demonstration Project (BCDDP)  be-
tween 1973 and 1980, This project provid-
ed 5 years of screening with physical ex-
amination and nwo-view mammography
Jor 280,000 volunieer women across the
United States. Based on a 96% follow- -1p
from 1993 10 1995 of the 4,051 women
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with breast cancer available for analvsis,
2,058 (606%) were alive and 1,393 (34%)
were dead. A high proportion of the can-
cers were detected by naemnmiography
alone, and 28.6% of all the cancers were
smaller than 1.0 ¢ Survival rates were
calculated by life table method with
deaths [rom breast cancer as the outcome.
The adjusted survival rate for the entire
group was 80.5%, and the observed sur-
vival rate was 61.7%. Adjusted and ob-
served survival rates were 97.2% and
78.5%, respectively, for women with non-
invasive cancers and 78.2% and 59.3%,
respectively, for those with invasive can-

cers. Lymph node status and the size of

the cancer at diagnosis were prognostic
indicators of survivai in tie BCDDP.
Women with invasive cancers and nega-
tive lvmph nodes had an 85.5% breast
cancer survival rate and a 65.6% ob-
served survival rate. Adjusted survival
rates for women with invasive breast can-
cers were 90.2% for cancers smaller than
1 em, 80.5% for cancers 1.0 10 1.9 cm,
70.5% for cancers 2.0 to 4.9 c¢m, and
60.6% for cancers larger than 5 cm.
Waomen 40 to 49 vears of age demonstrat-
ed a greater survival with noninvasive or
invasive cancers smaller than 5.0 ¢m
compared with women 50 to 59 and 60 to
09 vears of age at diagnosis. These results

Jrom the BCDDP are discussed in the

context of the recent decline in breast can-
cerincidence and mortality in the United
States.
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Introduction

The present study reports on the 20-
year follow-up of the 4,275 women di-
agnosed with breast cancer between
1973 and 1980 during their participation
in the Breast Cancer  Deteclion
Demonstration Project (BCDDP). The
BCDDP was originally sponsored by
the American Cancer Socicty (ACS)
and the National Cancer Institute
(NCI). The BCDDP enrolled 283,222
volunteer women 35 to 74 years of age
at 29 centers across the United States.
Approximately 93471 women  were
aged 40 1o 49 years, 83,514 were 50 to
59, and 39471 were 60 to 69. The
screening program consisted of five an-
nual screenings using both physical ex-
aminations and two-view mammogra-
phy.!?

The BCDDP was initiated as a
demonstration project after the reports

roradiography in 1971, and screen-film
systems in 1972,

Twenty-two of the 27 BCDDP cen-
ters used xeroradiography exclusively
and four used screen lilm. One center
used both. Because of the xeroradi-
ographic characteristics of broad area
contrast and edge enhancement. the
technique was particularly suited for
examination of the dense breast. The
large size of the xerographic cassettes
also permitied inclusion of the tail of
the breast and axilla, resulting in a pro-

jection similar 1o the mediolateral

oblique view considered mandatory to-
day but not in general use until the mid-
1980s. These improvements in mam-
mography technique? resulted  in
diagnosis of much carlier cancers across
all age groups.>7

The importance of the 14-year lol-
low-up (reported in 19935 and 199497)
and now the 20-year follow-up of the

Breast cancer survival patterns were similar across
‘age groups with respect to prognostic factors; however,
Younger women with in situ and small invasive
cancers had slightly increased survival rates.

in the late 1960s and carly 1970s of a
30% decrease in breast cancer mortali-
ty in the randomized Health Insurance
Program of Greater New York (HIP)
study.” Other than the expansion in age
range from 40 (o 64 in the HIP study to
3510 74 in the BCDDP, the screening
protocol in the BCDDP was identical to
that offered to women who were ran-
domized to screening in the HIP study.
However, there had been substantial
improvement in equipment and record-
ing media since the inception of the
HIP study. Dedicated mammography
machines were introduced in 1969, xc-

women with breast cancer diagnosed in
the BCDDP is in the long-term survival
data available on women with small
breast cancers and in its internal com-
parisons across age groups. This study,
which has a 96% follow-up rate, adds
5.7 years of additional follow-up.

Mecethods

The Divisions of Cancer Ltiology and
Cancer Prevention and Control of the
NCT have conducted the follow-up of
specitic proups of women from the
BCDDP to study the risk factors associ-
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ated with cancer incidence and death
rates. The method used in these fotlow-
up studies has been previously report-
ed.® Since ihe previous report an addi-
tional  follow-up  cycle  has  been
completed (1993 1o [995),

I 1993 all breast cancer cases were
matched against the National Death in-
dex. Questionnaires were sent 1o all
women not known to be dead. Nonre-
spondents received repeated mailings
and follow-up by telephone calling as in
previous cycles. Throughout the follow-
up cyele a mijor effort was made to de-
tatus ol every individ-
ual: lod women were untraceable.
Death certificates to determine the
cause of death were requested on all
deaths and were obtained on all but 66,
The 66 deaths without death certilicates
were fairly evenly divided over age and
stage groups. In order not to artificially
report a more favorable breast cancer
survival rate, for survival analyses this
study considered these deaths as deaths
from breast cancer. bringing the num-
ber of deaths from breast cancer to 777.
Adding the deaths without death cer-
tificates 1o the analysis reduced the
breast cancer survival rate by 1.5%.

In this anaiysis, the original group
of 4.275 breast cancer cases was re-
duced by the following exclusions: no
available documentation of breast can-
cer diagnosis for 26 women, 183 women
reported a prior diagnosis of breast can-
cer belore entry into the BCDDP, and
15 women had invalid dates of diagno-
sis or birth, leaving 4,051 women avail-
able for analysis.” These women were
diagnosed as having breast cancer dur-
ing the BCDDP active screening period
of 1973 to 1980, With the most recent
follow-up period being from 1993 (o
1995, the shortest possible follow-up
time was 13 years, the longest was 22
years, and the average was 17.4 years,
The follow-up rate was 96% and 164
women (4"%) were untraceahle.

Mcan time from entry (o diagnosis

Ffortiaow upr o1

e sacnpyp

and from diagnosis to date of last fol-
low-up or death is expressed in years.
Presenting mean time by age at entry
and age at diagnosis provided a method
toillustrate  differences between
younger and older women enfering or
being diagnosed with breast cancer.
The time between entry and diagnosis
is limited by having only § years of ac-
tive screening. In younger women, the
mean time between entry and diagnosis
was hiased by the cessation of routine
mammographic screening after May
1977 in women younger thian SO years
whio were not at high risk. e mean
titme between diagnosis and date of last
contact ar death is influenced by higher
comorbidity in the older age groups.
Dilferent methods for evaluating

“breast cancer survival in the BCDDP

were considered. Use of relative sur-
vival rates in the BCDDP was problem-
atic because it requires determination
ol normal life expectancy. Breast can-
cer suivival raies were caicuiated by
life-table survival methods. Only deaths
caused by breast cancer were consid-
cred events; other individuals were cen-
sored from the analysis at the time of
their death or their last known folow-
up. Using death {rom breast cancer as
the end point, adjusted survival rates®
adjust for deaths from other causes and
allow for comparisons among  age
groups. It appeared (o be the most ap-
propriate measurement of outeome for
this study and is less alfected by age and
comorbidity. (In comparing the differ-
ences between relative and adjusted
survivals, 52,339 breast cancers diag-
nosed from 1973 to 1980 in the Surveil-
lance Epidemiology and End Results
(SEER) program resulted in a 20-year
S3% relative survival rate compared
with 57% using the adjusted method
based on death certificates).

Previous reports on the BCDHDP
started with the sereening dati con-
tained on 17 data tapes, which had as
many as four different versions of a sin-
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Year Entry Diagnaesis Last Alive Dead
1973 306 102 S ““0 T
1974 1,443 538 0 4
1975 1,857 1,025 0 13
1976 445 871 -0 27
1977 609 0 38
1676 552 2 2
1979 270 1 91
1980 84 1 89
1981 0 102
1982 2 95 .
1983 5 93
1984 51 82
1985 33 72
1986 0 66
1987 3 63
1988 52 73
1989 14 65
1990 0 70

1991 0 79

1992 57 65

1993 564 81

1994 1,697 42

1995 176 1

TOTAL 4,051 4,051 2,658 1,393

gle reporting form, all of which had to
be resolved by cach set of authors.
Findings from the carly sereening pro-
gram have been previously described
by Beahrs et al' and Baker ¢t al.? Morri-
son ct al” attempted to measure the

possible mortality benefits, and Seid-
man et al'” reported on the 10-year sur-
vival rates compared with data in the
SEER program of the NC'1.

Recently, Smart et al® and Byrne et
al® reported on the 14-year follow-up,
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... .Study of Lapse Years
By Age Entry to Diagnosis®  Diagnosis to Last Contact'  Diagnosis o Death from BrCat N
No.  Yrs/Case No. Yrs/Case No.  Yrs/Case J

35-39 251 1.75 106 14.42 28 6.00
40-44 456 1.76 408 15.34 60 6.32
45-49 795 1.51 687 15.18 103 6.61
50-54 784 1.47 851 14.63 149 6.20
55-59 695 1.46 726 14.42 142 7.1
60-64 520 1.38 592 13.58 122 7.07
65-69 340 1.45 388 13.91 62 6.61
70-74 152 1.25 235 12.12 33 6.91
TOTAL 3,993 1.50 3,993 14.31 711 6.70

* Age at entry of detected cancers; all other {ables in this article deal onty with age at diagnosis.

1 Age at diagnosis of breast cancer.

! Age at death {rom breast cancer (Br Ca).
Note: of the originai cohort of 4,051, 58 were either younger than 35 or oider than 74.

cach with slightly ditferent numbers de-
rived separately from data tapes. The
latter report used the Information Man-
agement Systems (IMS) group under
contract to the NCI for the preparation
of the data file. Working with the IMS
programmers, the lead investigator of
that study derived several variables: ape
from date of birth to the date of diagno-
sis, type and size of cancers, and lvmph
node involvement. These revisions re-
sulted in slight changes in the age-spe-
cific [requencies and survival rates be-
tween the two reports but did not alter
the fundamental findings or conclu-
sions. > For example. for women aged
40 10 49 vears, additional validation
changed the Bleyear survival among
those witl in situ cancer from 99.4% (o
99.3%. among those with invasive can-
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from 81.8% to 83.4%. and so
(30

This report updates the Byrne file®
with the 1993 to 1995 fotlow-up infor-
mation. Breast cancers were staged ac-
cording to the scheme for breast cancer
in the fourth edition of the Amcerican
Joint Committee on Cancer (AJCC)

Manual for Staging of Caneer®

cer
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Results

In the BCDDP breast cancer cohort of
4,051 women 2,658 (06%) were alive at
last contact and 1.393 (34%) were dead
(Table 1). Death certificates were ob-
tined on 95.3% of all deaths, providing
information on cause of death; 54%
(711) were caused by breast cancer. The
mean times from entry to diagnosis,
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.Age Groug, Typs,
40-49
TOTAL 1,097
TYPE No. %
In situ 136 124
Invasive* 843 76.8
Nodes (-) 477 56.6
Nodes (+) 362 429
Nodes (?) 4 0.5
Unknown 118 10.8
SIZE
10 (in sity) 136 16.6
Tia+b (0.1-0.9) 104 12.7
Tic  (1.0-1.9) 265 323
12 (20-4.9) 251 30.6
3 (>50 65 7.9
Unknown* 276
STAGE
0 136 124
| 2N 21.1
I {a+b) 63 57
I{c) 168 15.3
] 420 383
I {a+b) 163 14.9
it (c+d) 257 234
1} 32 2.9
Unknown 278 253
MODALITY!
PE 56 10.8
MM 227 437
Both 236 455

50-59
1,577
No. "%
183 116
1228 719
734 598
477 388

17 14
166 105
183 152
153 127
426 354
347 288

96 8.0
372
183 116
374 237
100 6.3
274 174
598 379
241 153
357 226

37 2.3
385 244

40 5.2
379 496
345 452

“Table 3
t Cancors Dla
Lymph Nods Status,

gnosed Inlhe BCobp B‘y":

Size, Stage, and Modallty
60-69 Totals
980 3,654
No, "o Ng. %o
160 10.2 419 115
771 787 2842 778
486  63.0 1697 597
276 358 1,115 3292
9 12 36 11
109 119 393 108
100 130 419 150
123 16.0 380 136
295 283 986 353
188 244 786  28.1
64 83 225 80
210 858
100 102 419 115
282 288 887 243
87 89 250 68
195 19.9 637 174
357 364 1375 376
150 153 554 152
207 211 821 225
2 22 9 25
219 223 882 24
24 a7 120 67
2719 547 885 494
207 406 788 439

* Those of unknown size were not included in the percentage calculations of size (23% of the tolal).
P 1he percentage of positive nodes (+) and negative nodes {-) should be 1o the denominator of invasive cancers,

b Only cases detected before May 1977 were included because routine mammography was discentinued in
women younger than 50 years afler this time.

MM = two-view mammography; PE = physical examinalion. Note: Age is age at diagnosis.
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Table 4
20-Year Adjusted Survival Rates (%) for Women

Diagnosed with Breast Cancer in the BCDDP by -
Age Group, Type, Lymph Node Status, Size, Stage, and Modality '

40-49 50-59 60-69 Totals
TOTAL 81.2 77.6 76.0 78.3
TYPE
In situ 98.2 95.3 93.9 95.8
Invasive 794 75.1 741 75.8
Node negative 85.1 83.0 81.0 82.9
. Node positive 734 65.2 63.2 66.8
Unknown 747 753 72.2 74.3
SIZE (cm)
! T0  (insity) 98.2 95.3 93.9 95.8
} Ta+bh (0.1-0.9) 93.6 865 85.4 88.1
} Tic  (1.0-1.9) 805 765 794 78.4
: 2 (20-49) 719 69.5 60.6 68.3
' 13 (5.0-99 65.2 65.6 53.8 58.0
STAGE
In situ 98.2 95.3 93.9 95.8
Stage | 89.8 85.3 86.7 86.8
Stage lla 745 777 68.1 754
Stage lIb — 73 — 7.7
Stage lic 75.3 68.4 67.6 70.1
Staga Iid 69.0 59.9 494 59.6
Stage It —_ — —_ 40.3
MODALITY
PE 85.3 76.1 — 824
MM 89.1 84.2 83.0 85.1
Both 779 74.0 69.1 741
— = Too few cases for survival calculations; MM = two-view mammography; PE = physical examination.
Note: Age is age at diagnosis.
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Fig. 1. Breast Cancer Detection Demonstration Project 20-year adjusted survival by age

from diagnosis (o last contact, and from
age at diagnosis until death from breast
cancer are shown in Table 2. The mean
time from entry to diagnosis ranged
from 1.8 to LS years for those younger
than S0 years. For those 50 years or old-
er, the lapse time was from 1.3 to 1.5
years. ‘The mean time from entry to di-
agnosis for the total cohort was 1.5
years. The incan time from diagnosis to
fast follow-up showed slightly longer
times for women 40 to 49 years (15.3
years), Among women who died of
breast cancer, the mcan time from diag-
nosis to death was 6.7 years: the time
ranged from 0.0 1o 6.6 years in women
younger than 54 years compared with
6.6 to 7.1 years in women older than 55
years.

Table 3 shows the distribution of
cancers by age group, including type of
cancer, lymph node status, size, AJCC
stage, and mode of detection. Because

1e aroun
age group.

of the small number of women in the
BCDDP younger than 40 years or older
than 69 years (397, 10%). these individ-
uals were not included in the age com-
parisons in Table 3. In the age groups of
40 to 49, 50 to 59, and 60 to 6Y there
were 1097, 1577, and 980 cases, respec-
tively. Among those women aged 40 o
09, 11.5% ol the cancers were in situ,
77.8% were invasive, and 10.8% were
unspecificd. Because women with can-
cers in the unspecificd category had
nearly identical survival compared with
those who had invasive cancer, and be-
cause among those with known type of
cancer 87% were invasive, the majority
in the unspecified catagory were proba-
bly invasive cancers (Table 4). Consid-
cring only the total of 2,812 invasive
cancers in which the lvmph node status
was known, 60.3% had negative lymph
nodes and 39.7% had positive lymph
nodes, Il in situ cancers are also consid-

YOL. 47 NOL 3 MAY/JUNE 1097
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‘ Table 5 . el
20. Year Adjusted and Observed Survival Rates* of Patients -
with 4.051 Breast Cancers Dlagnosad L] the BcDDP :
Adjusted Observed

In situ 97.2 78.5

Invasive 78.2 59.3

Unknown 79.2 61.4

Nodes negative 85.5 65.6

Nodes positive 68.7 52.6

Tta+b (0.1-0.9) 90.2 70.1

Tic  (1.0-1.9) 80.5 60.5

T2 (2.0-4.9) 705 54.4

13 {>5.0) 60.6 46.9

Alf ages and types 80.5 61.7

*Survival rates cover ages 35 1o 74.

cred node negative, 65.4% of women
with breast cancer in which node status
was known or with in situ breast cancer
had negative iymph nodes.

In 23% of the invasive cancers, size
was not recorded; these cancers were
not included in the percentages caleu-
lated in Table 3. Of those with size in-
formation. nearly 50% of the invasive
cancers were less than 2.0 cm, and
13.6% were less than 1.0 em.

Table 3 also shows the distribution
of BCDDP cases by AKCC stage. The
stage is unknown for 24% of cases be-
cause information on tumor size, type
(invasive or noninvasive). or lymph
nade stalus was not available. Sub-
groups are also included in general
stage distributions, The group aged 40
to 49 comprised 33.5% in stages O and 1,
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I8.3% instage Hoand 2.9% in stage 111
T bution of stages at diagnosis

The distrit
\\.l\ similar across all age groups. Stages

a and 1b were grouped together to pro-
vide sullicient numbers for 20-year sur-
vival analyses.

In pereentages for the modality of
detection, only those detected belore
May 1977 weve included, Tor compari-
son purposes. In women aged 4t to 49
vears, 43.7% were detected by two-
view maminography alone, 45.5% by
both  two-view  mammography  and
physical examination. and 10.8% by
physical examination  alonc.  Thus.
89.2% involved two-view mammogra-
phy and 56.3% involved physical exam-
ination. In wonien aged 50 to 59 years,
49.0% were detected by (wo-view mam-
mography alone, 45.2% by both two-

CA A CANCER JOURNAL FOR G PINTICIANY

CA (/\N(|R |

Percentage

s e e S S
6 1+ 2 3 4 5 6 7 8 9

CHIN

T —— B
- BCDDP
— SEER
R e e I [ S I
10 11 12 13 14 15 16 17 18 13 20

Years from Diagnosis

1297471084 149

Fig. 2. Twenty-year survival of patients with invasive hreast cancer diagnosed from 1973 to 1980 in
the Breast Cancer Detection Demonstration Project (BCDDP) and the Surveillance, Epidemiology.
and End Results (SEER) program. The SEER program included 52,339 women diagnosed fiom
1973 to 1980 with a relative survival rate of 53%and an adjusted survival tate of 57%.

view mammography and physical cx-
amination, and 5.2% by physical exami-
nation alone. Thus, 94.8% involved
two-view mammography and 50.4% in-
volved physical examination. The pat-
tern in women 60 to 69 years of age was
similar to that of women aged 50 to 59
years.

Table 4 and Fig. | compare the 20-

cers, with survival rates of Y8.2%,
95.3%. and 93.9%. respectively, for
ages 40 1o 49, 50 to 59, and 60 to 69
years. Similarly. for invasive cancers
(including both those with negative and
thosce with positive lymph nodes). the
survival rate decreased with increased
age at diagnosis. If the invasive cancers
were smaller than 5.0 em, women aged

One of the important factors in the BCDDP was the
use of a sensitive screening protocol, annual two-view
mammography and clinical breast examination.

year breast cancer survival rates across
the age groups 40 1o 49, 50 1o 59, and 60
o 09, In general, survival patterns were
similar across age groups with respect
to prognostic Tactors, However, a slight
increase was seen in survival rates for
younger women who had in situ can-

VO 47 By EAAYA LN 1997

40 1o 49 years had the highest survival
rates. However, for those with breast
cancers larger than 5.0 ¢, the survival
rates were similar for women aged 40 to
49 and 50 10 59 years but substantially
lower for women diagnosed at age 6010
09 vears. Among all ages, women with
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favorable tumor characteristics (type.
size, and lymph node status) at diagno-
sis had greater survival rates compared
with women with poorer tumor charac-
teristics.

To appreciate the overall results of
the BCDDP the entire breast cancer
cohort (all ages) of 4,051 cases was ana-
lyzed together with a focus on the prog-
nostic lactors of type, lymph node sta-
tus, and size, by both adjusted and
observed rates. The entire group of
4.051 cases (including noninvasive can-
cers) showed an 80.5% breast cancer
adjusted survival rate and a 61.7% ob.-
served survival rate, as shown at the
bottom of Table 5. Those with noninva-
sive cancers had a Y7.2% adjusted can-

FOoLLow-upr of THE BCDhODOY

'

phy annually for S years resulted in the
detection of 4,275 breast cancers in the
BCDDP. A high proportion of the can-
cers were detected by mammography
alone, and 28.0% of all of the cancers
were either in situ or invasive cancers
smaller than 1.0 em (presumably non-
palpable minimal cancers). This is in
contrast to the 8% minimal cancers
seen in the SEER program over the
same time period.

The demographics of the BCDDP
and the SEER women with cancer var-
icd greatly. First, SEER is a poepulation-
based program that includes all cancer
cases, whereas the BCDDP consisted of
sell-selected volunteers. These volun-
teers were more highly educated, above

To a great extent the BCDDP has accomplished its

purposes: Breast cancer ser cening has become widespread,

the rate of in situ and small invasi ve cancers has
increased dramaticall ¥, the rate of advanced cancers
has decreased, and breast cancer mortality
in the United States has decreased by 6.3%.

cer survival rate and a 78.5% observed
rate, whereas the rates for invasive can-
cers were 78.2% and 59.3%. respective-
ly. Women who had invasive cancers
with negative lymph nodes had an
85.5% adjusted survival rate and a
65.6% observed survival rate. The ad-
justed survival rates for those with inva-
sive cancers varied with the size of the
cancers from 90.2% for cancers smaller
than 1 cm, 80.5% for those 1.0 to 1.9
cm. 70.5% for those 2.0 (o 4.9 cm, and
60.6% for those larger than 5 e,

Discussion

Breast cancer screening with physical
examination and two-view mammogra-

average socioeconomically, and both
healthy and health conscious: in addi-
tion, they were concerned about breast
cancer, symptomatic, or at higher risk.
In the 10-year survival report on the
BCDDP, Seidman found the survival

rate for the screen-detected cases was,

the same as for the interval cases:™ a
the 20-year follow-up our data show the
same. These rates may be evidence of
the health and breast cancer conscious-
ness of the BCDDP population. Sce-
ond, in the SEER population mammo-
graphic screening was at a low fevel,
whereas in the BCDDP compliance was
high, resulting in the detection of a
large number of carly cancers. In gener-
al, demographic factors have not been
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Fig. 3. Breast Cancer Detection Demonstiation Project breast cancer detection rates at first and
second screenings by age group. Data from Beahrs et al.!

strong prognostic indicators of out-
come, whereas type, grade, size, and
lymph node status (categorized as
stage) have been strong indicators.

The 20-year BCDDP breast cancer
adjusted survival rate for invasive can-
cers was 78.2% and the total (observed)
survival vate was 59.3% (‘Tabic 5). in
the United States during the same peri-
od of time from the population-based
SEER program. 52,339 white women
had a 20-year relative survival rate of
53%, an adjusted survival rate of 57%
(Fig. 2)."" and an observed survival rate
of 33%.

One of the important factors in the
BCDDP was the use of a sensitive
sereening protocol, annual two-vicw
mammography plus a clinical breast ex-
amination. In the coitroversy over the
results of randomized breast cancer
screening trials in women 40 to 49 years
of age, a delay of § 1o 10 years has usu-
ally existed before breast cancer deaths
begin to decline in the sereened com-
pared with the control groups. Soine
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contended that many women who be-
gan screening in their 40s had cancers
detected when they were in their 50s
and that nearly as much benefit
in decreasing mortality could be de-
rived by waiting until age 50 to begin
routine mamimographic screening. In
the BCDDP analyses of the 20-year fol-
low-up of women diagnosed with breast
cancers at ages 40 to 49, 50 to 59, and 60
10 609 by modes of detection and type,
size, lymph node status, and AJCC
stage of cancer, the benefits were simi-
lar across age groups.

All women in the BCDDP had the
opportunity to have two annual screens
before May 1977, when mammographic
screening. was cuttailed  in women
younger than SO years, 'The mean time
from entry (o diagnosis was slightly
tonger in younger women. The mean
tme from dingnosis to outcome was
also longer in younger women, partly as
a result of slightly higher survival and
lower competing comorbidity. Howev-
er, in the women who died of breast
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cancer, the mean time hetween diagno-
sis and death was slightly shorter for
younger women compared with older
wonien, reflecting the slightly greater
proportion of cascs in women diag-
nosed between ages 40 (0 49 ag stage
2c/d and stage 3 (26.3%. 24.9%. 23.3%
for ages 40 to 49, 50 10 59, and 60 10 69,
respectively, as seen in Table 3). De-
spite this slight difference for cach level
of the prognostic indicators (type, size,
and stage) in the women who died of
breast cancer, overall survival was
slightly greater for younger women,

In the BCDDP the women 40 (o 49
years of age had a higher survival rate

e

'
caused by detecting cancers at an carli-
cr date without affecting true survival,
Although the potential for a lead time
bias was an important consideration in
the early evaluation of (he study, it is
unlikely to be an important factor in ex-
plaining the magnitude of the survival
differences at 20 years. Early analyses
of BCDDP data attempted to adjust for
lead time in the absence of a compara-
ble comparison group by (1) shifting
survival times by a constant value of |
year or (2) by comparing breast cancer
mortality rates in BCDDP participants
with expected mortality among women
not diagnosed with breast cancer over

Follow-up of cancers detected in the BCDDP shows
that women diagnosed with noninvasive cancers have

a low breast cancer mortality rate;

survival rates for

women with invasive cancers relate 1o the size and

lymph node status at the time of diagnosis.

when their cancers were noninvasive or
invasive and less than 5.0 cm comparced
with women 50 (o 59 and 60 (0 69, This
difference was not present when larger
cancers were compared.

The BCDDP was not designed as a
trial to evaluate the impact of mammo-
graphic screening on survival or mortal-
ity and therefore there was no “‘un-
screened™  comparison group.  In
previous analyses, as well as in this
longer  follow-up, survival in the
BCDDP has been compared with the
survival experience of white women in
the SEER program diagnosed  with
breast cancer during the same time pe-
riod. "

These inherent limitations have led
Lo attempts to determine if the higher
survival in the BCDDP is attributable
to the unique characteristics of the
study population or to fead time bias

406

the same duration.”™ In each analysis,
BCDDP participants showed a grealer
survival consistent with both the gain in
lead time and carly treatment for breast
cancer.,

The results of the BCDDP are con-
sistent with the results of randomized
clinical trials that showed mortality dif-
ferences by prognostic  factors  in
women diagnosed by mammographic
screening  compared  with control
groups. The BCDDP results also show
a similar pattern in survival in pre-
menopausal and postmenopausal
women based on tumor size, nodal in-
volvement, and histologic type. Recent-
ly. a report of a population-based
sereening program in Uppsala County,
Sweden, showed similar results after 7
years of follow-up.'? In 56,881 women
aged 39 to 71 invited to screcning, simi-
lar stage distribution and survival rates
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in women younger and older than age
S0 at diagnosis were observed . In fact,
similar to what has been observed in
the BCDDP, survival was slightly more
favorable among younger women than
among older women,

This follow-up of the cancers de-
tected in the BCDDP shows that
women  diagnosed  with noninvasive
cancers have o low breast cancer mor-
tality rate and that the survival rates
for women with invasive cancers relate
to the size and lvmph node status of the
cancer at the time of diagnosis. In 1987,
Scidman et al'" compared the BCDDP
and the SEER 10-year survival rates by
prognostic factors (including noninva-
sive and invasive discase by tumor size
and lymph node status) and observed
similar results if a t-vear lead time was
subtracted from the BCDDP data.
Now with additional follow-up. lcad
time should no longer be a inajor facior
and the differences in the overall
breast cancer survival rates between
the BCDDP and SEER are more rea-
sonably attributed to the shifts in ex-
tent of discase at the time of diagnosis.

Because the BCDDP was not a
randomized trial. it henefited from
high rates of compliance among partici-
pants (Y9°% for the first screening and
R0% for the sceond sereening): esti-
mates of the benehit of sereening were
notinfluenced by the fower compliance
rates generatly seen in randomized tri-
als for the group invited to sereening or
from possible contamination in the
control group. In the HIP study, anly
67% of the study group were actually
screened  with mammography;  al-
though 33% refused, it was necessary
toinclude their death rates from breast
cancer with those of wamen who were
screened o avoid bias, Likewise, in
most of the breast cancer screening tri-
als since the time of the HIP study.
noncomphiance has also occurred. and
a considerable nuniber of women in the
controf arm have had mammograms of
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their own accord. The problems of
complianee in the study proup and con-
tamination of the control group both
are major factors in decreasing the
ability to measure reductions in breast
cancer deaths and greatly ditute the
measurable benefits. Such dilution is
not present to the same extent in the
BCDDP, in which volunteer compli-
ance was high.

Lower breast cancer incidence in
the group aged 40 1o 49 years and the
higher expense of detecting a single
case have heen cited as reasons why
women in this age group should not be
sereened. M In the BCDDP 40%, of all
the cancers diagnosed were deteeted in
the firstsereening round. This was true
for all age groups: the rate of cancer de-
tection was greatest on the initial
sereening with mammography. The rate
per 1000 examinations increased with
age. reflecting the accumulation of
prevalent cases.'? Although the rate of
incident breast vancers (diagnosed after
fitst screen) also increased slightly with
age. the difference between age-specific
rates for incident cases was less than the
diffcrence between age-specific rates
for the prevalent cases (Fig, 2). The
BCDDP shows the  increased
screening vield by increasing age is re-
lated more to the prevalence (initial)
screen than 1o subsequent screenings,
The age-related difference in preva-
lence cases supgesis than many of these
cancers accumulated with time, with
many more accumulating in older than
in vounger women because they have
lived longer with a cancer detectable by
screening. Oncee these prevadent can-
cers were sereened from the popula-
tion. however, the detection rate was
greatly reduced and was quite similar
for all women older than 48 verrs {2 to
3 per 1000 examinations). Therefore,
on the basis of these data, alter o preva-
lence sereening, the cost-cliectiveness

that

ol subscquent screcnings is similar for

women aged 45 10 49 years compared

- -
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with women older than 50 years.

Conclusions

Aflter the successful HIP study, the
BCDDP was designed as a demonstra-
tion project to introduce breast cancer
screening into the United States for the
purpose of reducing bireast cancer mor-
tality. To a great extent this project ac-
complished its purposes; breast eancer
sereening has become widespread, (he
rate of in situ and small invasive can-
cers has increascd dramatically, and
the rate of advanced cancers has de-
creased.”™ In November 1996, the ACS,
the NCI, and the Centers for Disease
Control and Prevention announced a
decline in breast cancer mortality rates
in the United States." The decrease in
mortality for breast cancer in white
women was 3% for ages 30 to 39
ycars, 9% [or ages 40 10 49 years, 9%
for ages 50 to 59 years, and 6% for ages

60 to 69 years.!® The decrease was at-
tributed to hoth carlier detection and
improved treatment. The decrease was
considerably less for black womei,
who historically have had less access to
screcning  programs and improved
treatment,

The BCDDP as well as some ran-
domized trials have shown that prog-
nostic factors are reliable predictors of
outcome. ™72 The indirect evidence
based on prognostic factors and 20-year
breast cancer adjusted survival data
suggest  equal  benefit in annually
screening women with mammography
and clinical breast examinations start-
ing at age 40,

Obscervations from the BCDDP in-
dicate that future evaluation of new
procedures for (he detection of breast
cancer could reasonably consider
changes in the distribution rates of the
prognostic factors in place of mortality
as the end point of the study.

References

1. Beahrs OH. Shapiro S, Smart CR: Report of
the working group 10 review the National Cancer
Institute-American Cancer Society Breast Cancer
Detection Demonstration Projects. J Natl Cancer
Inst 1979:62:641-709.

2. Baker LH: Breast Cancer Detection Demon-
stration Projeci: Five year summary report, CA
Cancer J Clin 1982:32:196-229.

3. Shapiro S, Venet W, Strax P, ef af: Periodic
Screening for Breast Cancer: The Health Insurance
Plan  Project and Iis Sequelae,  1963-1986.
Baltimore, The Johns Hopkins University Press,
1988.

4. Sickles EA: Mammographic features of malig-
nancy found during screening. Recent Results
Cancer Res 1990;119:88.93,

5. Smart CR. Hartmann WH, Beahrs OH, et al:
Insights into breast cancer screening of younger
women: Evidence from the 14-year follow-up of
the Breast Cancer Defection Demonstration
Project. Cancer 1993:72(Suppl 4):1449-1456.

6. Byrne C, Smart CR, Chu KC, ¢f al: Survival
advantage differences by age. Evaluation of the
extended follow-up of the Breast Cancer Dectection
Demonstration  Project. Cancer 1994,74(Suppl
1):301-310,

7. Smart CR: Highlights of the evidence of bene-

fit for women 40-49 years from the 14-year follow-
up of the Breast Cancer Detection Demonstration
Project. Cancer 1994;74(Suppl 1):296-300.

8. Beahrs OH, Henson DE, Hutter RV, et al:
Manual for Staging of Cancer, ed 4. Philadelphia,
IB Lippincott, 1992, pp 16-17.

9. Morrison AS, Brisson J, Khalid N: Breast cancer
incidence and mortality in the Breast Cancer
Detection Demonsiration Project. J Natl Cancer
Inst 19RB:80:1540-1547.

10. Seidman 1, Gelb SK, Silverberg E, et al:
Survival expericnce in the Breast Cancer
Petection Demonstration Project. CA Cancer J
Clin 1987;37:258-2910),

H. SEER Program: SEER public use data
1973-1993. Bethesda, MD: NCI Cancer Statistics
Branch, 1996,

12. Thurfjell EL, Lindgren JA: Breast cancer sur-
vival rates with mammographic screemng: Similar
favorable survival rates for women younger and
those older than 50 years. Radiology 1996;201:421.-
426.

13. Eddy DM: Screening for breast cancer. Ann
Intern Med 1989;111:389-399,

14. Eddy DM, Hasselblad V, McGiviey W, et al:
The value of mammography screening in women
under age 50 years, JAMA [988:259:1512-1519.

IS. Miller BA, Fever EJ, Hankey BF: Recent inci-

148

CA—A CANCER JOURNAL FOR CLINICIANS

CA CANCER

J CLIN 1997:47:134-14n

dence trends for breast cancer in women and the
relevance of carly detection: An update. CA
Cancer J Clin 1993:43:27.41, :

16, NCI reponts improvements in breast cancer
death rate. Cancer Facts SEER Home Page,
Internet 1996. Weh page address as follows:
hllp://wwwicic.m‘i.hih.gnv/ncifncl/FS(v_25.hlm
17 Tabar L, Fagerberg G, Chen HILL ¢t al:
Tumour development, histology and grade of
breast cancers: Prognosis and progression. Int J
Cancer 1996:66:413.419.

I8 Duffy SW, Chen THIL Tabar [, et ak
Estimation of mean sojourn time in breast cancer
screening wsing o Markov chain model of both
entry 1o and exit from the preclinical delectable
phase. Stat Med 1995;14:1531-1543.

19. Tabar 1., Fagerberg G, Day NE. et al: The

Swedish Awo-county  trial  of mammographic
scrcening for breast ¢ Recent results or-

tality and tumor characteristios, Pathol Biol (Paris)
1992.39:846

20. Tabar L. Fagerberg G, Day NE, et al: Breast
cancer treatment and natural history: New insights
from results of screening. Lancet 1992;3139:412-414.
21, Tabar L. Duffy $W, Krusemo U13: Detection
method, tumour size and node metastases in hreast
cancers diagnosed during a trial of breast cancer
screening. Fur J Cancer Clin Oncol 1987:23:959.
062,

22 Tabar 1, Gad A tiolmberg 1 et al: Significant
reduction in advanced breast eancer: Results of the
first seven years of mammography screening in
Kopparberg, Sweden. Dingnostic In ng i

Clinical Medicine 1985:54:158-164,

VOIL 47 NO. 3 MAY/JUNE 1997

[P

AMWRELL. Dd SETWE. €.CT 0w,

R




