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Abstract
Study objective—To study the implica-
tions of breast density on mammographic
screening performance.
Design—Screening outcomes of women
with dense breast patterns were compared
with those of women with lucent breast
patterns (dense > 25% densities, lucent <
25% densities); the women were screened
in diVerent periods (before/after improve-
ment of the mammographic technique in
1982).
Setting—Nijmegen, the Netherlands,
1977–1994.
Participants—Between 1977 and 1994,
73 525 repeat screenings were performed
in 19 152 participants (aged 50–69 years)
in the Nijmegen breast cancer screening
programme (repeat screenings were de-
fined as mammographic examinations
that were preceded by an examination in
the previous screening round). Partici-
pants were screened biennially with mam-
mography. There were 258 screen detected
and 145 interval cancers.
Main results—Before 1982 (rounds 2–4)
the predictive value of a positive screening
test (PV+) was lower in women with dense
breasts than in those with lucent breasts
(dense 29% v lucent 52%, p=0.003). Also,
the ratio of screen detected cancers to the
total number of screen detected plus
interval cancers (as a proxy for sensitiv-
ity) was lower in this group (based on a
one year interval: dense 63% v lucent 92%,
p=0.001 and based on a two year interval:
dense 41% v lucent 68%, p=0.002). More-
over, the survival rate was less favourable
for those with dense breasts (p=0.07). In
rounds 5–10, there were no important dif-
ferences with respect to PV+ (dense 66% v
lucent 62%, p=0.57) or survival (p=0.48).
Moreover, sensitivity based on a one year
interval was nearly as high in women with
dense breasts as in those with lucent
breasts (85% v 86%, p=0.75). However,
based on a two year interval sensitivity
was lower (dense 59% v lucent 72%,
p=0.04).
Conclusions—In the early screening years
(rounds 2–4) high breast density had an
unfavourable eVect on screening perform-
ance. Nowadays, the situation has im-
proved with respect to PV+, survival and
detecting tumours in dense breasts with a
lead time of up to one year, but little

improvement has occurred in the detec-
tion of tumours with a lead time greater
than one year.

(J Epidemiol Community Health 1998;52:267–271)

Mammographic screening for breast cancer in
women aged 50–69 years has been shown to
lead to a better disease stage distribution at
diagnosis and a subsequent reduction in breast
cancer mortality.1–5 However,many cancers still
escape detection. High mammographic breast
density may partly account for these “missed”
carcinomas,6–9 because dense fibro-glandular
tissue has x ray attenuation properties similar
to those of breast lesions. Uncertainty about
the presence of breast cancer because of high
breast density10 may also lead to more women
being unnecessarily referred and given a
biopsy.11–13

Both potential eVects of high breast density
(low sensitivity and low predictive value of
referral) are highly undesirable. Dependent on
the magnitude of the problem, eVorts should
be made to increase the eVectiveness of screen-
ing in women with dense breast patterns. Pos-
sible solutions could vary from “simply” taking
additional mammographic views, to the use of
other techniques such as digital
mammography.14 Also, more frequent screen-
ing may be advantageous for women with
dense breasts, because it increases the prob-
ability of screen detection if a tumour is
present.15

The full extent of the problem in screening
practice, however, and the consequences for
the women concerned are not yet clear. In this
study, early indicators of the eVectiveness of
screening (sensitivity, positive predictive value,
stage distribution of cancers), as well as breast
cancer specific survival rates were evaluated in
a longstanding screening programme in
women with dense breast patterns and in
women with lucent breast patterns. This analy-
sis was based on the results of the biennial
screening programme in Nijmegen, the Neth-
erlands (1975–1994). A distinction was made
between the early (1975–1982) and later
screening rounds (1983–1994), to see whether
the problem of detecting tumours in dense
breasts was merely inherent to mid-1970s
mammography or whether it also applies to
current high-quality mammography.
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Methods
In Nijmegen, the Netherlands, a biennial
mammographic screening programme for
breast cancer was started in 1975. Since then,
more than 40 000 women aged 35 years and
older have been invited to participate. By the
end of 1994, 10 screening rounds had been
carried out. More details of the programme
have been published elsewhere.16

For this study, we used data on women aged
50–69 years at the time of examination,
because mammographic screening is widely
accepted for this age group. We focused on
“repeat screening examinations”, defined as
mammographic examinations that were pre-
ceded by an examination in the previous
screening round. This was done to prevent the
results being influenced by tumours with a
relatively long preclinical phase, which are
overrepresented at the initial screening exami-
nation, as well as at other screening examina-
tions that were not preceded by an examination
in the previous screening round.
Between 1977 and 1994, 73 525 repeat

screening examinations were performed on
19 152 women aged 50–69 years. This study
includes all cancers detected at repeat screen-
ing (screen detected cancers, n=258) or
diagnosed in the interval between a negative
repeat screening examination and the subse-
quent scheduled examination (interval can-
cers, n=145). Patients with lobular carcinoma
in situ were not included.
The standard examination included single

view mammography. Initially, the direction of
the view was lateral, but halfway through the
fourth screening round (1982) this was
changed to the mediolateral-oblique view.17 At
about the same time, the mammographic tech-
nique was improved considerably by the
implementation of a General Electric (CGR)
500T and the use of an anti-scatter grid. This
resulted in better contrast, especially for the
mammograms of women with dense breast
patterns. As these changes could have had a
considerable influence on the detectability of
tumours,11 18 all the analyses were performed
separately for the screening rounds 2–4 and
5–10.
Breast density was assessed on the screening

mammograms. The radiologist (JH) classified

breast patterns on a two category scale,
depending on the relative amount of parenchy-
mal density that was visible on the mammo-
gram; < 25% was defined as lucent, while >
25% was defined as dense.
Several indicators of screening eVectiveness

were investigated. The positive predictive value
of referral was assessed by dividing the number
of screen detected cancers by the number of
referrals. As a proxy for sensitivity, the propor-
tion of screen detected cancers in the total
number of screen detected cancers plus
interval cancers was used. A one year interval is
often chosen to estimate sensitivity, but this is a
quite arbitrary choice. Therefore, we estimated
sensitivity by using various definitions of inter-
val period—that is, 0.5, 1, 1.5, and 2 years after
a negative screening examination.
Breast patterns were only routinely available

in women who were referred for further exami-
nation (irrespective of the final result) and in
women with an interval cancer. Therefore, we
were unable to compute the specificity of the
screening test.
Other early indicators of screening eVective-

ness were the distributions of tumour diameter,
axillary lymph node status, and disease stage at
diagnosis. We studied these distributions in
breast cancer patients who were screen de-
tected during a repeat screening examination.
Diameters of invasive tumours were deter-
mined histologically. There appeared to be a
tendency to round measurements oV to the
nearest 0.5 cm. We therefore classified any
tumours with a diameter of < 12 mm as “< 1
cm”, tumours with a diameter of 13–22 mm as
“1.5–2 cm”, and tumours with a diameter of>
23 mm as “> 2.5 cm”.19

Axillary lymph nodes have only been exam-
ined routinely since 1981. Therefore, results

Table 1 Number of screened and referred women and number of screen detected and
interval cancers

Screening rounds 2–4 Screening rounds 5–10

Dense
pattern

Lucent
pattern Dense pattern Lucent pattern

Referred 69 116 91 189
Cancer at screening* 20 (2) 60 (12) 60 (14) 118 (15)
Interval cancer†
<1 y 12 (0) 5 (0) 11 (0) 19 (1)
>1 and <2 y 17 (3) 23 (1) 30 (2) 28 (1)

PV+ Referral %‡ 29.0 51.7 65.9 62.4
Screen/(Screen+Inter) %§
<1 y 62.5 92.3 84.5 86.1
total (<2 y) 40.8 68.2 59.4 71.5

*In parentheses, the number of ductal carcinomas in situ out of the total number of cancers.
†Separate data for: diagnosis within one year after a negative screening examination and for: diag-
nosis after one year, but within two years after a negative screening examination. ‡PV+=positive
predictive value. §Ratio of the number of screen detected cancers to the number of screen detected
plus interval cancers. Separate data for: only interval cancers diagnosed within one year after a
negative screening examination included and for: all interval cancers included.

Figure 1 (A) Breast pattern specific sensitivity in
screening rounds 2–4 for various time periods since the
previous examination. (B) Breast pattern specific
sensitivity in screening rounds 5–10 for various time periods
since the previous examination.
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concerning axillary lymph node status and
stage have been restricted to the later screening
rounds (5–10). The stage of the disease was
determined by the tumour size and the axillary
lymph node status (TNM). Stage 0 comprised
ductal carcinoma in situ. Stage I tumours were
no larger than 2 cm, with negative lymph
nodes. Tumours of larger than 2 cm, or those
with lymph node involvement were classified as
stage II+.
Breast cancer specific survival curves, strati-

fied by breast pattern, were computed for
breast cancer patients who where screen
detected during a repeat screening examina-
tion. The vital status of the patients was
obtained from the local council registry. All
clinical information of deceased patients was
collected to determine the cause of death.
DiVerences in proportions between women

with dense patterns and lucent patterns were
tested by ÷2 tests for contingency tables. To
indicate the variability in estimates of sensitiv-
ity we computed 95% confidence intervals for
proportions. DiVerences in survival curves,
which were obtained with the Kaplan-Meier
method, were tested by the log rank ÷2 test.

Results
In the period 1977–1994, a total of 73 525
repeat screening examinations were performed
on 19 152 women aged 50–69 years. Table 1
shows the screening outcomes in two screening
periods (rounds 2–4 and rounds 5–10) and the
eVect measures calculated from these out-
comes, classified by breast density.

PREDICTIVE VALUE AND SENSITIVITY

In the early screening period (rounds 2–4) the
positive predictive value of referral was much
higher in the women with lucent breasts than in
those with dense breasts (lucent 51.7% v dense
29.0%, p=0.003). However, during the course
of the programme, a sharp increase was seen in
the positive predictive value, which ended in
equal values in the women with lucent breasts

and in those with dense breasts (lucent 62.4%
v dense 65.9%, p=0.57).
In screening rounds 2–4, the ratio of the

number of screen detected cancers to the total
number of screen detected plus interval
cancers (as a proxy for sensitivity, with interval
cancers diagnosed within two years of a
negative examination regarded as false-
negative) was much higher in the women with
lucent breasts than in those with dense breasts
(dense 40.8% v lucent 68.2%, p=0.002). In
screening rounds 5–10, the ratios increased,
both in the women with dense breasts and in
those with lucent breasts, but there was still a
diVerence (dense 59.4% v lucent 71.5%,
p=0.04).
Figure 1A and 1B shows the estimates of

sensitivity with 95% confidence intervals for
various definitions of interval period in rounds
2–4 and 5–10, respectively. In rounds 2–4 (fig
1A) the sensitivity in the women with dense
breasts was lower from the beginning of the
interval. On the basis of a one year interval in
rounds 2–4, the sensitivity in the women with
dense breasts was 62.5%, while in the women
with lucent breasts it was 92.3% (also see table
1), p=0.001. In rounds 5–10 (fig 1B), however,
there was hardly any diVerence in the sensitiv-
ity in the women with dense and lucent breast
patterns in the first year of the screening inter-
val (dense 84.5% v lucent 86.1%, p=0.75).

BREAST CANCER STAGING AND SURVIVAL

Table 2 shows disease staging characteristics of
the tumours that were screen detected during a
repeat screening examination.
The proportion of small invasive tumours

was somewhat larger in the patients with lucent

Table 2 Cancer staging characteristics

Screening rounds 2–4 Screening rounds 5–10

Dense pattern
Lucent
pattern

Dense
pattern Lucent pattern

No of cancers*
In situ 2 (10) 12 (20) 14 (23) 15 (13)
Invasive 18 (90) 48 (80) 46 (77) 103 (87)
Total 20 60 60 118

Invasive tumour diameter
<1 cm 7 (41) 26 (57) 13 (28) 45 (44)
1.5–2 cm 7 (41) 14 (30) 22 (48) 37 (36)
>2.5 cm 3 (18) 6 (13) 11 (24) 20 (20)
Total† 171 462 46 1021

Median diameter (mm) 14 12 16 14
(interquartile range) (6–20) (9–19) (12–22) (10–21)

Axillary lymph node involvement
Negative node‡ — — 50 (86) 84 (72)
Positive node — — 8 (14) 33 (28)
Total† 582 1171

Stage
0 — — 14 (24) 15 (13)
I — — 29 (50) 59 (59)
II+ — — 15 (26) 43 (43)
Total† 582 1171

Values in columns=number of cases (%). *Only screen detected patients. †Superscript numbers
indicate the number of invasive cancers with an unknown size and/or unknown axillary lymph
node status. ‡Ductal carcinomas in situ have been included as node negative.

Figure 2 (A) Breast cancer survival by breast pattern in
patients diagnosed in screening rounds 2–4. (B) Breast
cancer survival by breast pattern in patients diagnosed in
screening rounds 5–10.* Number of cases at the start and
after 10 years of follow up.
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breasts than in those with dense breasts
(rounds 2–4: p=0.56, rounds 5–10: p=0.19).
Axillary lymph node involvement from

round 5 onwards is also shown in table 2. Duc-
tal carcinomas in situ have been included as
node negative. The proportion of tumours with
positive nodes was nearly twice as high in the
patients with lucent breasts as in those with
dense breasts (28% v 14%, p=0.03). Similar
striking results were also observed with regard
to stage distribution from round 5 onwards:
tumours were more advanced in the patients
with lucent breasts (p=0.11).
Figure 2A and 2B shows separate Kaplan-

Meier survival curves for patients with dense
and lucent breast patterns diagnosed in rounds
2–4 and rounds 5–10, respectively. Only
tumours that were screen detected during a
repeat screening examination are included. At
the end of 1995, 53 of the 258 patients had
died, 26 of breast cancer and 26 of other
causes. In one patient the cause of death was
unknown. In rounds 2–4, the survival curve in
the patients with dense breasts was lower than
that in the patients with lucent breasts
(p=0.07), which could also be demonstrated by
10 year survival probabilities: 73% in the
patients with dense breasts v 83% in the
patients with lucent breasts. In rounds 5–10,
however, survival improved in all the patients
and the diVerence in survival curves between
the patients with dense and lucent patterns
decreased (p=0.48). Ten year survival prob-
abilities were 89% and 96%, respectively.

Discussion
Our results for the screening rounds in which
mid-1970s mammography was used (rounds
2–4) show that high breast density hampered
the detection of tumours. This is in accordance
with the results of other studies on this
subject.6 15 Since the introduction of high qual-
ity mammography (1982), however, the situa-
tion has greatly improved with respect to posi-
tive predictive value of the screening test,
survival and the detection of tumours with a
lead time of up to one year. There has been lit-
tle improvement in the detection of tumours
with a lead time greater than one year.
A few limitations of this study have to be

considered in interpreting the results. Firstly,
the number of women with dense breast
patterns (and consequently the number of
patients with dense breast patterns) was quite
small, which led to decreased precision of the
results. Despite this, our main finding stands,
as we found pronouced diVerences in screening
performance in the rounds 2–4, when numbers
were particularly small, while in the rounds
5–10, when the power to detect diVerences was
larger, diVerences in screening performance
diminished instead.
Secondly, our classification of breast pat-

terns was performed by optical review, which is
subjective. Although misclassification will be
minimal as the reproducibility of binary parti-
tion of breast density is quite high with inter-
and intraobserver agreement percentages of
80–90%,20 it cannot be excluded. Random
misclassification may have occurred and, theo-

retically, systematic misclassification as well, if
the radiologist were prone to overestimation of
density when he observed a tumour on the
screening mammogram. Both forms of mis-
classification could have led to underestimation
of the diVerences in screening performance
between women with dense breasts and women
with lucent breasts.
It was remarkable that the axillary lymph

node status and disease stage seemed to be
more favourable in screen detected patients
with dense breasts than in those with lucent
breasts. We examined the possibility that most
of the tumours in dense patterns that had a
poor prognosis were diagnosed as interval can-
cers (of which there was an excess in the
women with dense patterns, table 1). As the
proportions of node positive tumours among
the interval tumours were equal for patients
with dense and patients with lucent breasts
(38% and 37%, respectively), this could not
explain the surprising association between
breast density and axillary lymph node status.
We have no other plausible explanation than
that, given the small numbers, the relation
observed is a result of chance.
In screening rounds 5–10 there was hardly

any diVerence in survival between the patients
with dense breasts and those with lucent
breasts. If anything, survival was somewhat
poorer in the patients with dense breasts. This
finding is rather surprising, because axillary
lymph node status and disease stage were more
favourable in patients with dense patterns than
in those with lucent breasts. This may be the
result of the influence of other prognostic indi-
cators for which there was no information
available. An example of such an indicator
would be histological grade, which relates to
the intrinsic or potential behaviour of the
tumour, whereas tumour size and axillary
lymph node status are merely indicators of how
long the cancer has been present.21

With respect to present day screening
practice, the most important eVect of high
breast density seems to be a persistently lower
sensitivity, if the definition of false-negative is
based on an interval period of two years. How-
ever, when only interval cancers diagnosed

KEY POINTS

+ In early screening years (1977–1982)
high mammographic breast density had
an unfavourable eVect on screening
performance.

+ With the introduction of modern mam-
mography the situation has improved to a
large extent.

+ Women with dense breasts are no longer
at a disadvantage concerning the predic-
tive value of a positive screening test,
tumour stage, and survival.

+ There has been improvement in the
detection of tumours in dense breasts
with a lead time of up to one year.

+ Little improvement has occurred in the
detection of tumours with a lead time
greater than one year.
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within one year of a negative screening exami-
nation were considered to be false-negative, the
diVerence in sensitivity between women with
dense breasts and those with lucent breasts
largely disappeared in rounds 5–10.
Two other studies that used modern mam-

mography techniques examined the eVect of
breast density on the proportions of screen
detected and interval tumours.9 22 In accord-
ance with our findings, Kerlikowske et al9

observed (in women aged 50 and over) that the
sensitivity was lower for dense breasts than for
lucent breasts. In contrast with our study, how-
ever, they already found this diVerence when
the definition of false-negative was based on an
interval period of only 13 months. Ciatto et al22

on the other hand,who studied interval cancers
diagnosed within two years after a negative
screening examination, did not find a relation
at all between breast pattern and the occur-
rence of interval cancers.
Because of diVerences in the use of breast

pattern classifications and study design it is
diYcult to compare the results of these studies
with our own. Kerlikowske et al9 used qualita-
tive estimates of breast density (“fatty” and
“dense”) and they restricted their findings to
first screening examinations only. The latter
implicates that their radiologists had no previ-
ous mammograms at their disposal. We, on the
other hand, studied repeat screening examina-
tions only and therefore previous mammo-
grams were available for all women in our
study. This could have facilitated the detection
of tumours, even in dense breasts, and may
explain why in our study diVerences in
sensitivity between dense and lucent breasts
were smaller than in Kerlikowske’s study.
Ciatto et al22 classified breast patterns

according to Wolfe’s criteria at the initial
screening examinations of women aged 40–70
years. They studied the proportions of screen
detected and interval tumours that occurred
during the five years after the breast pattern
classification. However, breast density de-
creases with increasing age and particularly in
perimenopausal women considerable changes
may occur, even in a five year period.23 There-
fore, the initial breast patterns may not be rep-
resentative of the breast patterns later on. This
could be the reason that these authors did not
find a relation between breast pattern and the
occurrence of interval cancers.
In conclusion, from our study it seemed that

with the use of modern mammography tech-
niques the only important diVerence between
dense and lucent breasts lies in the detection of
tumours with a lead time greater than one year.
To solve this problem, we advocate research

into the influence of shortening screening
intervals, taking additional mammographic
views or using advanced imaging techniques
(for example, digital mammography) in women
with dense breasts.
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