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Purpose: To retrospectively determine the long-term risk of false-
positive mammographic assessments and to evaluate the
effect of screening regularity on the risk of false-positive
events.

Materials and
Methods:

Institutional review board approval was obtained, and in-
formed consent was waived. Retrospective analysis was
performed for the occurrence of false-positive assess-
ments among 83 511 women who underwent 314 185
mammographic examinations from January 1, 1985, to
February 19, 2002. Data were collected from a database
that had been assembled prospectively. Two categories of
false-positive events were examined: biopsies that did not
reveal cancer and false-positive mammographic assess-
ments. Rates of false-positive events were compared by
using a �2 analysis, and 95% confidence limits were calcu-
lated. Because comparisons of multiple pairs were consid-
ered, all P values that demonstrated statistical significance
exceeded the requirement of the Bonferroni correction.

Results: While the overall rates of biopsies that did not reveal
cancer and of false-positive mammographic assessments
were similar to those found in other studies, most of the
burden of false-positive events was borne by women who
underwent intermittent screening. Long-term rates of
false-positive events were lower among women who un-
derwent regular screening than among those who under-
went intermittent screening. In the 5-year group, 2.9% of
women who underwent five mammographic examinations
over the next 5 years had biopsy results that did not reveal
cancer, whereas 4.6% of women who underwent three
mammographic examinations over the next 5 years had
biopsy results that did not reveal cancer. For women who
underwent regular screening, the risk of undergoing biop-
sies that did not reveal cancer declined over time to 0.25%
per year after several years of screening, a value that is
lower than the risk of these events among women who did
not undergo screening. The rate of false-positive mammo-
graphic assessments was also lower for women who un-
derwent regular screening than for those who underwent
intermittent screening.

Conclusion: Prompt annual attendance for mammographic screening
reduces the occurrence of false-positive mammographic
results.
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While many lines of evidence sug-
gest that mammographic screen-
ing reduces breast cancer death

(1–3), a major drawback to screening is
the occurrence of false-positive findings
that are suggestive of cancer in women
who are ultimately found to have no dis-
ease (4–7). Such false-positive findings in-
volve additional costs (4,8,9), the use of
medical services (10), anxiety (11,12),
and biopsies performed in women who
are ultimately found to have no disease
(4–12). Understanding the actual occur-
rence of false-positive events and finding
ways to minimize them are major re-
search objectives in the field of breast
cancer screening (13–17).

One major question has been the
magnitude of the long-term occurrence
of false-positive events, which might be
expected to present a considerable bur-
den over the course of each woman’s
screening history (which can span 30
years or more). A related question con-
cerns the effect of the screening interval
on the long-term occurrence of false-
positive events. It has been long recog-
nized that the availability of a previous
mammogram can reduce the risk of a
false-positive event (12–14). Because
intermittent screening limits the avail-
ability of recent mammograms, it might
be hypothesized that the frequency of
screening may affect the incidence of
false-positive events.

It has long been recognized that
failure to undergo prompt screening
is a widespread phenomenon (18–21).
Thus, while several researchers have
estimated the long-term accumulation
of false-positive events (4,7), to our
knowledge there are no actual measures
of the long-term occurrence of these
events. The large size and long span
of time for the data contained within
the Massachusetts General Hospital
Avon Comprehensive Breast Center
screening population database (20–22),
which has information on more than
300 000 mammographic examinations
performed in more than 83 000 women
since 1985, made it possible for us to
conduct this study, the purpose of
which was to retrospectively determine
the long-term risk of false-positive
mammographic assessments and to

evaluate the effect of screening regular-
ity on the risk of false-positive events.

Materials and Methods

Database
The database of the Massachusetts Gen-
eral Hospital Avon Comprehensive
Breast Center contains information on
314 185 mammograms obtained in
83 511 women from January 1, 1985, to
February 19, 2002. This database also
contains extracted information from
hospital pathology reports on breast tis-
sue examined during this period. De-
tails on the demographic features of the
population (eg, age, race, and cancer
incidence) have been previously pub-
lished (20–22,27,28).

Each of the mammographic entries
contains one of 737 Massachusetts Gen-
eral Hospital assessment codes. These
codes are entered by the radiologist at
the time of the examination and make it
possible to identify visits that corre-
spond to a negative mammographic
screening result. Codes can be con-
verted into one of five Breast Imaging
Reporting and Data System (BI-RADS)
categories as follows: BI-RADS category
0, incomplete assessment and the need
for additional imaging; BI-RADS cate-
gory 1, negative findings; BI-RADS cate-
gory 2, benign findings; BI-RADS cate-
gory 3, probably benign findings and a
recommendation for short-interval fol-
low-up; BI-RADS category 4, suspicious
abnormalities (biopsy should be consid-
ered); and BI-RADS category 5, highly
suggestive of malignancy. Analysis of
the database was performed by three
authors (K.B., J.A.C., J.S.M.).

This retrospective study was com-
pliant with the Health Insurance Porta-
bility and Accountability Act and had
institutional review board approval; in-
formed consent was waived.

Prior to 1993, data were not en-
tered regarding whether mammogra-
phy was performed for screening or for
diagnostic purposes at the time of the
examination. However, it was possible
to determine which visits corresponded
to a negative screening result by using
information from the Massachusetts

General Hospital assessment codes.
Since 1993, all mammograms in the da-
tabase have been classified as screen-
ing, diagnostic, or procedural at the
time of the examination. Beginning in
1993, all screening mammograms were
also specified as being either unilateral
or bilateral.

Groups
The occurrence of false-positive events
was determined among women in three
overlapping groups. The 5-year group
comprised all 16 853 women who re-
ceived either a positive or a negative
screening result in 1996 and whose ex-
perience was examined through Decem-
ber 31, 2000. The 8-year group com-
prised all 13 877 women who received
either a positive or a negative screening
result in 1993 and whose experience
was examined through December 31,
2000. The 10-year group comprised all
12 972 women who received a negative
screening result in 1991 and whose ex-
perience was examined from January 1,
1992, through December 31, 2001.

These three study groups allowed
for complementary information. For ex-
ample, data obtained from the 10-year
group not only provided information
over the longest period of time but also
permitted an estimate of the frequency
of false-positive events among women
who did not undergo screening at the
Massachusetts General Hospital Avon
Comprehensive Breast Center. Because
this group differed from the other two
groups in that it comprised only women
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who had received a negative screening
result in the 1st year, the 10-year group
contained a subgroup of women for
whom there was no record of additional
screening. Thus, while the 10-year
group provided information on the oc-
currence of false-positive events over
the longest period of time, the relatively
small number of women in each sub-
group resulted in this group having little
statistical power with regard to individ-
ual subgroup analysis. In contrast, the
larger number of women in each sub-
group for the 5-year group made such
comparisons possible.

It was also possible to examine how
the risk of false-positive findings could
change over time in the 5- and 8-year
groups because both groups comprised
women who received any screening
mammography result (positive or nega-
tive). Thus, in these two groups, the
rate of false-positive findings could be
measured in the 1st year; this was not
possible in the 10-year group, because
the nature of the record set in 1991 (see
above) required it to comprise women
who received a negative screening re-
sult in the 1st year. Women with bi-
opsy-proved breast cancer prior to the
index years of the study were excluded
from analysis, which was performed by
three authors (K.B., J.A.C., J.S.M.).

Events and Definitions
Two broad categories of false-positive
events were examined: (a) biopsies that
did not reveal cancer (ie, biopsy results
that indicated neither invasive breast
cancer nor ductal carcinoma in situ) and
(b) false-positive mammographic as-
sessments (ie, mammographic results
that were classified as BI-RADS cate-
gory 0, 3, 4, or 5 findings yet ultimately
did not lead to a pathologic diagnosis of
breast cancer). Note that the values for
women with different BI-RADS assess-
ments were not additive because many
screening visits led to more than one
assessment. For example, a woman
who is given a BI-RADS category 0 as-
sessment at screening mammography
(incomplete assessment, needs addi-
tional imaging evaluation) may later be
given a BI-RADS category 3, 4, or 5
assessment at further imaging.

False-positive events were analyzed
among subgroups of women who dif-
fered according to the number of mam-
mographic examinations they chose to
undergo within a specific period of time.
For example, among the women in the
10-year group, almost 20% never came
back after receiving a negative result for
their index mammogram in 1991, fewer
that 5% returned for 10 bilateral
screening examinations, and approxi-
mately 10% underwent anywhere from
one to nine of the 10 possible screening
examinations during the 10-year period
(Table 1).

In assigning women to one of these
subgroups, only bilateral screening mam-
mograms were considered so as to avoid
any overestimation of the use of screening
among women who had undergone an ex-
tra diagnostic examination or 6-month
follow-up. However, because the occur-
rence of a false-positive event could have
originated from a screening mammo-
gram, diagnostic mammogram, or non-
mammographic finding, women were
scored as having a false-positive finding
for all three categories.

We lack information on the fraction
of women in the Massachusetts General
Hospital Avon Comprehensive Breast
Center screening population who under-
went mammography elsewhere or who
continued their medical care at another
hospital. However, there are a number of
indications that most women who began
screening at the Massachusetts General
Hospital Avon Comprehensive Breast
Center remained in the data set. In previ-
ous studies on the whole population of
women who underwent screening mam-
mography in 1992 (20,21), 82% eventu-
ally returned; for a subset of this popula-
tion, which included women who under-
went previous screening mammography
(ie, prior to 1996) within 1.1 years of the
1996 visit, 93% returned.

The categorizations reported here
for the 10-year group are roughly com-
parable to those reported by Elmore et
al (4) for a Health Maintenance Organi-
zation population. There are, however,
minor differences. Our definition of a
false-positive event was slightly broader
than the definition used by Elmore et al
in that both false-positive mammo-

graphic assessments and biopsy results
that did not reveal cancer were counted
as false-positive events, regardless of
whether they were the result of screen-
ing mammography, were elicited from a
diagnostic mammogram, or were deter-
mined by means of other factors, such
as the detection of a palpable mass. In-
deed, the occurrence of events that
were not associated with mammogra-
phy could be seen among women in the
10-year group who never returned for
additional mammography after receiv-
ing a negative result for their index
mammogram in 1991.

Statistical Analysis
The rates of false-positive events were
compared by using a �2 analysis, and
95% confidence limits were calculated
(Excel 2000, Microsoft, Redmond,
Wash, and SAS, SAS Institute, Cary,
NC). Because comparisons of multiple
pairs were considered, all P values that
demonstrated statistical significance ex-
ceeded the requirement for the Bonfer-
roni correction. P values of less than .05
were considered to indicate a significant
difference.

Results

Biopsy Results That Did Not Reveal
Cancer
Of the women who received a negative
screening result in 1991, 8.04% under-
went biopsy that did not reveal cancer
within the next 10 years. However, an
analysis of subgroups for these women,
who differed according to the number of
screening procedures they chose to un-
dergo, indicated that much of the bur-
den of false-positive results was borne
by women who underwent intermittent
screening (Tables 1–3). Thus, while
there were 26 women in whom biopsy
results did not reveal cancer per 1000
mammograms in the population as a
whole, there were only nine women in
whom biopsy results did not reveal can-
cer per 1000 mammograms in the sub-
population of women who chose to un-
dergo 10 mammographic examinations
during the 10-year period (Fig 1). In
contrast, 57 women in whom biopsy
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results did not reveal cancer per 1000
mammograms underwent only one mam-
mographic procedure within this 10-
year period (P � .001).

The magnitude of the reduction in
the rate of biopsies that did not reveal
cancer per mammogram that was asso-
ciated with regular screening was
strong enough to result in a lower long-
term rate of these events in women who
underwent prompt annual screening
compared with those who underwent
intermittent screening. In the 5-year
group, 2.9% of women who underwent
five mammographic examinations over
the next 5 years had biopsy results that
did not reveal cancer, whereas 4.6% of
women who underwent three mammo-
graphic examinations over the next 5
years had biopsy results that did not
reveal cancer (P � .001, Table 3).

Women are at risk for undergoing
biopsies that do not reveal cancer
whether screening is performed or not
because nonmammographic signs, such
as benign palpable masses, may also
lead to biopsy. This was seen in the
finding that, of the 2546 women who
had a negative mammographic result in
1991 and never returned for mammog-
raphy during the 10-year period, 3.5%
had biopsy results that did not reveal
cancer (approximately 0.35% per year)
(Table 1). In contrast, 9.2% of the
women who underwent screening each
year during the 10-year period had bi-
opsy results that did not reveal cancer

(P � .001, Table 1). Thus, it is reason-
able to conclude that the actual 10-year
mammography-associated burden for
biopsies that do not reveal cancer is
approximately 6% among women who
undergo regular screening.

Among the women who underwent
regular screening, the risk of undergo-
ing biopsies that do not reveal cancer
declined markedly over time (Fig 2).
Thus, for the 829 women who under-
went screening mammography in 1993

Figure 1

Figure 1: Ten-year rates for biopsies that did not reveal cancer (black bars) compared with those for biop-
sies that did reveal cancer (white bars) in women with negative screening results in 1991 (see Table 1 for val-
ues). The number of women who underwent biopsies that did not reveal cancer declined from 57 women per
1000 mammograms for those who underwent one mammographic procedure to nine women per 1000 mam-
mograms for those who underwent 10 mammographic procedures. While a small reduction might be expected
due to simple random sampling without replacement, which would be expected to have reduced the number
from 57 women per 1000 mammograms to 44 women per 1000 mammograms, the actual reduction to nine
women far exceeds this value.

Table 3

History of False-Positive Events in 5-year Group for Women Who Underwent Screening Beginning in 1996

Parameter

Population of Women Who
Underwent Screening in
1996

No. of Mammographic Screening Procedures over 5-year Period

1 2 3 4 5

No. of women 16 853 3218 3056 3777 4446 2352
False-positive assessment

BI-RADS 0 11.39 (10.9, 11.9) 6.2 (5.3, 7.0) 10.8 (9.7, 11.9) 12.1 (11.0, 13.1) 13.0 (12.0, 14.0) 15.1 (13.6, 16.5)
BI-RADS 3 4.53 (4.2, 4.8) 4.1 (3.4, 4.8) 6.5 (5.6, 7.3) 5.7 (4.9, 6.4) 3.7 (3.2, 4.3) 2.2 (1.6, 2.8)
BI-RADS 4 3.23 (3.0, 3.5) 2.3 (1.8, 2.8) 4.0 (3.3, 4.7) 3.9 (3.3, 4.5) 3.1 (2.6, 3.6) 2.5 (1.9, 3.2)
BI-RADS 5 0.01 (0, 0.03) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0)
BI-RADS 0, 3, 4, or 5 14.29 (13.8, 14.8) 9.6 (8.6, 10.6) 15.2 (14.0, 16.5) 15.3 (14.2, 16.4) 15.1 (14.0, 16.2) 16.4 (14.9, 17.9)
BI-RADS 3, 4, or 5 7.24 (6.8, 7.6) 5.9 (5.1, 6.7) 9.8 (8.7, 10.9) 8.9 (8.0, 9.8) 6.4 (5.7, 7.1) 4.6 (3.8, 5.4)

Biopsies that did not
reveal cancer 3.77 (3.5, 4.1) 2.9 (2.3, 3.5) 3.7 (3.1, 4.4) 4.6 (4.0, 5.3) 4.1 (3.1, 4.4) 2.9 (2.2, 3.6)

Note.—Unless otherwise indicated, data are the percentage of women, with 95% confidence intervals in parentheses.
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(approximately one-third of whom un-
derwent their first mammographic pro-
cedure in the index year of 1993, which
perhaps reflects the rapid expansion of
mammography use during this period)
and who used all eight opportunities for
screening within the 8-year period,
there was a 3% risk of undergoing biop-
sies that did not reveal cancer in the
first visit. This risk declined over subse-

quent visits until eventually reaching a
more than fivefold reduction in the risk
of negative events (0.25%) in the 7th
and 8th years (Fig 2).

False-Positive Assessments
Most of the false-positive assessments
proved to be BI-RADS category 0 find-
ings, with a smaller number of false-
positive assessments for BI-RADS cate-
gory 3 and BI-RADS category 4 findings
(Tables 1–3, Fig 3). False-positive as-
sessments for BI-RADS category 5 find-
ings were exceedingly rare. For exam-
ple, of the 12 972 women at the Massa-
chusetts General Hospital who had a
negative screening result in 1991, 1859
(14.33%) had a false-positive BI-RADS
category 0 assessment, 694 (5.35%)
had a false-positive BI-RADS category 3
assessment, 510 (3.93%) had a false-
positive BI-RADS category 4 assess-
ment, and only four (0.03%) had a false-
positive BI-RADS category 5 assess-
ment during the next 10 years.

Women who underwent screening
yearly had a lower risk of false-positive
assessments per mammogram than did
those who underwent screening intermit-
tently (Tables 1–3, Fig 3). For BI-RADS
category 3 and 4 assessments, the overall
risk of false-positive findings per mammo-
gram decreased with increasing screen-

ing use to a magnitude that resulted in an
overall long-term decrease in the risk of
false-positive findings for women who un-
derwent screening each year (Tables 1–3,
Fig 3). The per mammogram risk of false-
positive BI-RADS category 0 findings also
decreased with increasing screening use
(Tables 1–3, Fig 3), although not to a
degree that lead to an absolute decrease
in long-term risk. Thus, the 10-year inci-
dence per woman of false-positive mam-
mographic assessments for BI-RADS cat-
egory 3, 4, or 5 findings peaked at 14.7%
for women who underwent six screening
examinations within the 10-year period.
This number declined to 7.2% (P � .001)
for women who underwent all 10 of the
annual mammographic examinations that
were available within the 10-year period
(Table 1, Fig 3). The 10-year incidence
per woman of false-positive mammo-
graphic assessments for BI-RADS cate-
gory 0, 3, 4, or 5 findings was 29.2% for
women who underwent all 10 of the an-
nual mammographic examinations that
were available within the 10-year period
(Table 1, Fig 3).

Discussion

The data presented here reveal that
much of the burden of false-positive
events can be ascribed to the failure of

Figure 2

Figure 2: Graph demonstrates a reduction over
time in the occurrence of biopsies that did not
reveal cancer in women who underwent regular
screening. The incidence of biopsies that did not
reveal cancer is shown as a function of the amount
of time since the patients’ screening mammogram
in 1993 for women who promptly returned each
year for the next 7 years.

Figure 3

Figure 3: (a, b) Ten-year rates for false-positive mammographic assessments in women who received a negative screening result in 1991 (see Table 1 for values).
Note that, in a, the decline in the occurrence of false-positive assessments with increased screening use (as was the case for biopsies that did not reveal cancer) is greater
than would be expected for simple random sampling without replacement.
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women to return for annual mammog-
raphy. In the 5-year group, there was a
50% increase in the number biopsies
that did not reveal cancer in women
who made use of only three opportuni-
ties for mammography compared with
those who made use of all five opportu-
nities for mammography. Clearly, find-
ing ways to encourage regular atten-
dance at screening may provide a
straightforward way to reduce the oc-
currence of false-positive events.

The large size (more than 300 000
visit records) and long time scale (1985
onward) of the Massachusetts General
Hospital Avon Comprehensive Breast
Center database made it possible for us
to measure the actual long-term occur-
rence of false-positive events. In previ-
ous studies, which relied on smaller
datasets, researchers had to estimate
the cumulative occurrence of such
events (4–7). Fortunately, our data re-
veal the reassuring finding that the oc-
currence of false-positive events among
women who undergo regular screening
is lower than previously suspected. For
example, while Elmore et al (4) re-
ported that “the estimated cumulative
risk of a false-positive result was 49.1%
after 10 mammograms,” we have been
able to measure the actual occurrence
of these false-positive assessments
among women who underwent 10 con-
secutive mammographic procedures
over a 10-year period. Thus, our results
reveal a substantially lower value
(29.2%) than that obtained by Elmore
et al (49.1%).

Similarly, while Elmore et al “esti-
mate that among women who do not
have breast cancer, 18.6% will undergo
a biopsy after 10 mammograms” (4),
the actual number of biopsies that did
not reveal cancer in women who under-
went 10 consecutive mammographic
procedures in 10 years in the Massachu-
setts General Hospital population was
much smaller (9.2%). Furthermore, be-
cause 3.5% of the women in the Massa-
chusetts General Hospital population
who did not return for mammography
within the 10-year period had biopsy
results that did not reveal cancer, the
burden of negative biopsy results that
was associated with regular screening

within a 10-year period would appear to
be about 6%. Thus, the actual risk of
mammography-generated biopsies that
do not reveal cancer in women who at-
tend regular screening appears to be
less than one-third of the value esti-
mated by Elmore et al and is well within
the limits that women find acceptable
(23).

The data presented here also reveal
that much of the risk of false-positive
events occurs early in a woman’s
screening experience, if she attends
screening regularly. Indeed, within a
few years of regular screening, the risk
of undergoing biopsies that do not re-
veal cancer decreases to levels that may
be as low as (and possibly even slightly
lower than) the levels of such events
among women who do not undergo
screening. Thus, these data suggest that
special attention should be focused on
trying to find ways to reduce the occur-
rence of false-positive events in the first
few years of screening. These data also
suggest that the possibility of an unac-
ceptable cumulative burden of false-
positive findings that might occur over a
woman’s screening lifetime, which can
span 30 years or more, should be avoid-
able by encouraging prompt attendance
at screening.

The major limitation of this study is
that it examines the experience of a single
screening population. Furthermore, be-
ing a large urban tertiary care facility, the
Massachusetts General Hospital Avon
Comprehensive Breast Center may not
be representative of mammographic
screening in the United States as a whole.
However, the overall number of biopsies
that did not reveal cancer at the Massa-
chusetts General Hospital Avon Compre-
hensive Breast Center (8.04% of the
women in the screening population)
proved to be remarkably similar to that
found in other populations (4,7); in the
study by Elmore et al (4), the overall num-
ber of biopsies that did not reveal cancer
was 7.8% for a group of 2400 women in a
Health Maintenance Organization popula-
tion. Nonetheless, we think that it would
be valuable to determine whether the risk
of false-positive events is also influenced
by the regularity of screening use in other
populations of patients.

Failure to undergo prompt screening
would appear to result not only in a
higher level of false-positive events, as in-
dicated by the data outlined here, but also
in a higher level of breast cancer deaths,
as indicated by several other lines of evi-
dence (24). Computer-simulated model-
ing of breast cancer growth, spread, and
detection (25,26), which is based on
quantitative estimates of the relative size
at which invasive cancer is detected dur-
ing screening versus in the of absence
screening (27), the rate of tumor growth
(28) and the relationship between tumor
size and patient survival (29), suggests
that each year of delay degrades the life-
sparing potential of screening by about
one-third (21,25,26). Similar results have
been found by using a Markov model of
screening (30).

The benefits of prompt annual
screening are also suggested by the fact
that, while the appearance of larger pal-
pable tumors is reduced in the year af-
ter a negative mammographic result,
such tumors begin to accumulate at a
regular rate from about 1 year onward
(31). These findings are also in agree-
ment with measurements of breast can-
cer growth rate and sojourn time (28).
Thus, the data reported here suggest
that the use of interventions to encour-
age a prompt return to screening should
have a substantial effect, not only in
terms of a reduction in the number of
deaths due to breast cancer but also in
terms of a reduction in false-positive
events.
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