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BACKGROUND. The introduction of breast carcinoma screening leads to early de-

tection and is believed to reduce mortality and increase the proportion of patients

for whom breast-conserving surgery is possible.

METHODS. In 1992, a population-based mammographic screening program was

introduced in the Dutch city of Tilburg and its surroundings; the program achieved

total coverage in 1996. The authors examined the effects of this screening program

by investigating disease stage, treatment, and survival among women diagnosed

with breast carcinoma at a teaching hospital in Tilburg during the periods 1985–

1991 and 1992–1999.

RESULTS. Between January 1, 1985, and December 31, 1999, 1400 patients were

diagnosed with breast carcinoma. Among patients ages 50 – 69 years, the propor-

tion of TNM Stage I breast carcinoma increased from 24% in 1985–1991 to 45% in

1992–1999 (P � 0.001). The proportion of patients age � 50 years with invasive

breast carcinoma who underwent breast-conserving surgery decreased from 45%

to 33% (P � 0.011). Among patients ages 50 – 69 years, the overall survival rate

during the period from 1992 to 1999 was significantly greater than the correspond-

ing rate during the period from 1985 to 1991 (P � 0.0009). Even after adjustments

were made for tumor stage and patient age, a slight reduction in mortality risk was

observed in this age group. No difference in stage distribution or prognosis was

found among patients age � 50 years or among patients age � 70 years. Of the 168

invasive malignancies found in patients ages 50 – 69 years between 1997 and 1999,

68 (40%) were detected by the screening program, 47 (28%) were interval malig-

nancies, and 53 (32%) were detected in nonparticipants or in women who did not

participate in 1 or more screening rounds. Patients with screen-detected tumors

had a much more favorable prognosis than did patients with interval malignancies

(P � 0.0018) or patients with clinically detected breast carcinoma (P � 0.0001).

CONCLUSIONS. Between 1992 and 1999, after the introduction of breast carcinoma

screening, improved prognosis and more favorable tumor stage were observed

among patients ages 50 – 69 years. Even after the screening program was fully

implemented in 1996, the majority of invasive malignancies still were detected

between screening rounds or in patients who did not participate in the program.

Cancer 2004;100:1337– 44. © 2004 American Cancer Society.

KEYWORDS: breast carcinoma, mammographic screening, prognosis, breast-con-
serving surgery.

In the Western world, breast carcinoma is one of the main causes of
morbidity and mortality among women age � 70 years. Breast

carcinoma incidence has increased sharply in recent decades.1–3 Over
the same period, however, breast carcinoma mortality rates have
leveled off or even decreased.1– 6 Increasing incidence rates in com-
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bination with stable or decreasing mortality rates sug-
gest improvement in prognosis. The most likely expla-
nations for this improvement include more effective
treatment techniques, more extensive use of chemo-
therapy and hormonal therapy, and earlier detection
due to the introduction of screening mammogra-
phy.7,8 In the Netherlands, a mammographic screen-
ing program offering biannual screening for women
ages 50 – 69 years was introduced in 1990. The pro-
gram was implemented in a stepwise manner, and
total coverage of the Dutch population was not
achieved until 1997. In the city of Tilburg and its
surroundings (in the southern Netherlands), screening
began in 1992, and full coverage was achieved in 1996.
In the current study, we sought to determine the ef-
fects of mammographic screening on stage distribu-
tion, treatment, and survival among patients with in-
vasive breast carcinoma by comparing patients
diagnosed before the introduction of the screening
program (between 1985 and 1991) with those diag-
nosed during and after the introduction of the pro-
gram (between 1992 and 1999). In addition, the yield
of the program was assessed using information on the
mode of detection of each invasive breast malignancy
found in women ages 50 – 69 years.

MATERIALS AND METHODS
Patients
Between 1985 and 1999, 1474 patients with primary
breast carcinoma were treated at the St. Elisabeth
Hospital (Tilburg, The Netherlands), a teaching hos-
pital in the southern Netherlands. The hospital covers
an area populated by approximately 200,000 inhabit-
ants. Patient data and information on tumor stage and
treatment were collected retrospectively from patient
records and pathology reports. Staging was performed
according to the TNM system of the International
Union against Cancer.9 Overall, 74 patients had breast
carcinoma in situ; these patients were excluded from
the current study. The general characteristics of the
1400 remaining patients with invasive breast carci-
noma are presented in Table 1.

Treatment
Regional guidelines for the treatment of breast carci-
noma during the study period were available. In 1981,
breast-conserving treatment was added to the guide-
lines for patients with tumors measuring � 2 cm on
mammography. In 1984, the indication was extended
to cover tumors measuring � 3 cm. According to these
guidelines, breast-conserving surgery was to involve
wide local excision of the tumor, with an attempted
margin of at least 1 cm of healthy tissue, followed by
45–50 grays (Gy) whole-breast irradiation in fractions

of 1.8 or 2.0 Gy five times weekly. An additional boost
was to be administered to the tumor bed via an exter-
nal-beam method (using either photons or electrons)
or via iridium-192 interstitial implants. Total boost
doses varied between 15 and 25 Gy but sometimes
were greater when iridium-192 implants were used.
Mastectomy was to be of the modified radical type
(Madden or Patey). Postmastectomy radiotherapy to
the chest wall (50 Gy) was recommended only for
high-risk patients with locally incomplete resection
and/or more than 3 positive axillary lymph nodes.
Both mastectomy and breast-conserving surgery in-
cluded complete axillary dissection, with an exception
for patients with tumors measuring � 0.5 cm and for
elderly patients; for these patients, the procedure was
considered optional. Adjuvant systemic therapy was
recommended for patients with axillary lymph node–
positive disease; premenopausal patients were to
receive 6 cycles of adjuvant cyclophosphamide, meth-
otrexate, and 5-fluorouracil combination chemother-
apy after the completion of radiotherapy, whereas
postmenopausal patients were to receive 20 mg
tamoxifen daily for at least 1 year.

TABLE 1
Characteristics of Patients with Breast Carcinoma (n � 1400)

Characteristic No. of patients (%)

Age (yrs)
� 50 406 (29)
50–69 669 (48)
� 70 325 (23)
Mean (range) in yrs 58 (21–92)

Period of diagnosis
1985–1987 221 (16)
1988–1990 243 (17)
1991–1993 316 (23)
1994–1996 267 (19)
1997–1999 353 (25)

Stage (pTNM)
I 432 (31)
II 698 (50)
III 117 (8)
IV 37 (3)
Unknown 116 (8)

Pathologic lymph node status (pN)
pN� 719 (51)
pN� 540 (39)
Unknown 141 (10)

Surgical treatment
BCS with AD 355 (25)
BCS without AD 96 (7)
Mastectomy (including AD) 905 (65)
Ablation 28 (2)
No surgery 16 (1)

BCS: breast-conserving surgery; AD: axillary dissection.
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Mammographic Screening
A mammographic screening program offering bian-
nual screening for women ages 50 – 69 years was in-
troduced in Tilburg and its surrounding municipalities
in 1992. Two-view mammography is performed at ini-
tial screening, whereas in subsequent screens, only a
mediolateral view is obtained. The decision to imple-
ment a biannual screening program was based on
studies indicating that such a schedule is relatively
cost-effective and that the associated risk of interval
malignancy is acceptable.10 Approximately 3 years
were required for all women to have been invited at
least once to participate in the program. In the current
study, information on whether a tumor had been de-
tected by screening was collected from the medical
records of the Department of Surgery at St. Elisabeth
Hospital and from the database of the radiologists
involved in the screening program. Based on this in-
formation, three types of malignancies were defined:
1) screen-detected malignancies, which were diag-
nosed in the first screening round or in one of the
following rounds; 2) interval malignancies, which were
diagnosed during the interval between two successive
screening rounds and within 2 years of negative
screening findings; and 3) clinically detected malig-
nancies, which were neither detected by screening nor
diagnosed between two successive screening rounds.
Among the patients with clinically detected disease
were nonparticipants; participants who did not attend
one or more screening rounds; and women diagnosed
in 1992, 1993, or 1994 who had not yet been invited to
an initial screening round.

Statistical Methods
Trends involving stage distribution, treatment, and
survival between 1985 and 1999 were analyzed accord-
ing to age group (age � 50, 50 – 69, or � 70 years) and
period of diagnosis (1985–1991 or 1992–1999). For pa-
tients ages 50 – 69 years, a separate analysis was per-
formed according to mode of detection (screen detec-
tion, interval detection, or clinical detection).

Follow-up information was collected from patient
records. When data were unavailable, family doctors
were contacted. Three patients could not be tracked
after the date of primary treatment and were consid-
ered lost to follow-up. At the time of the analysis, the
median follow-up period for surviving patients was
8.04 years (range, 0.83–18.27 years). Survival was esti-
mated using the Kaplan–Meier method, and compar-
isons were made using the log-rank test. For surviving
patients, survival time was censored at the date of last
follow-up. Multivariate analyses were performed us-
ing Cox proportional hazards models for each age

group separately. The variables included in the pro-
portional hazards model were age at primary treat-
ment, tumor stage, and period of diagnosis. Hazard
ratios with 95% confidence intervals (CIs) and P values
were estimated with respect to the reference category
for each covariate.

RESULTS
General Characteristics
The mean age of the 1400 patients investigated was 58
years (range, 21–92 years). Of these 1400 patients, 451
(32%) underwent breast-conserving surgery, including
96 (21%) who did not undergo axillary dissection.
Modified radical mastectomy (including axillary dis-
section) was performed for 905 patients (65%). Of the
remaining patients, 28 (2%) underwent ablation of the
breast, and 16 (1%) did not receive surgery. Tumor
stage could not be assessed for 116 patients (8%),
primarily because of unavailable information on axil-
lary lymph node status due to the omission of axillary
lymph node dissection (Table 1).

Stage Distribution and Treatment According to Period of
Diagnosis and Age Group
Comparison of stage distributions between patients
diagnosed during the period 1985–1991 and patients
diagnosed during the period 1992–1999 revealed no
significant trends involving patients age � 50 years or
patients age � 70 years. Among patients ages 50 – 69
years, the proportion of patients with TNM Stage I
breast carcinoma increased from 24% (1985–1991) to
45% (1992–1999), whereas the proportion of patients
with Stage II and Stage III disease decreased from 57%
to 43% and from 12% to 3%, respectively (Fig. 1).
Analysis of trends in treatment according to age group
revealed a significant decrease in the use of breast-
conserving surgery from 1992 onward for patients age
� 50 years but not for patients ages 50 – 69 years or
older (Table 2). Breast-conserving surgery was fol-
lowed by radiotherapy for the large majority of pa-
tients age � 70 years but was omitted for more than
half of all patients age � 70 years. In both diagnosis
periods, approximately 95% of patients age � 70 years
underwent axillary lymph node dissection; however,
the proportion of older patients who underwent this
procedure decreased from 80% (1985–1991) to 68%
(1992–1999). The proportion of patients with positive
lymph nodes who received adjuvant radiotherapy fol-
lowing mastectomy exhibited a downward trend in all
age groups (Table 2). The proportion of patients with
positive lymph nodes who received adjuvant systemic
treatment remained stable over both diagnosis peri-
ods (approximately 100% among patients age � 50
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years and between 83% and 88% among patients age
� 50 years).

Survival According to Age Group
There was no difference between the periods 1985–
1991 and 1992–1999 in terms of the overall survival
rates of patients age � 50 years and patients age � 70
years (P � 0.25 and P � 0.91, respectively). For pa-

tients ages 50 – 69 years, the overall survival rate in the
period 1985–1991 was significantly lower than in the
period 1992–1999 (P � 0.0009) (Fig. 2); the 8-year
survival rates were 63% (95% CI, 57– 69%) and 75%
(95% CI, 70 – 80%), respectively (P � 0.0001). After
adjustment for tumor stage and patient age, none of
the age groups exhibited significant improvement in
overall survival in the period 1992–1999 compared

FIGURE 1. Stage distribution of breast carcinoma, according to period of

diagnosis, among (A) patients age � 50 years (n � 406), (B) patients ages

50–69 years (n � 669), and (C) patients age � 70 years (n � 325).

TABLE 2
Treatment of Patients with Invasive Breast Carcinoma According to Age Group and Period of Diagnosisa

Treatment

Age group (yrs)

< 50 50–69 > 70

1985–1991 1992–1999
P
value 1985–1991 1992–1999

P
value 1985–1991 1992–1999

P
value

BCS 45 33 0.011 34 29 0.28 26 28 0.49
Axillary dissection 96 98 0.19 93 94 0.58 80 68 0.014
Radiotherapy after BCT 96 96 0.92 88 89 0.74 39 46 0.50
Radiotherapy after mastectomy for patients with positive lymph nodes 69 60 0.34 70 57 0.06 55 41 0.17
Adjuvant systemic treatment for patients with positive lymph nodes 100 98 0.34 88 85 0.43 83 87 0.55
Adjuvant systemic treatment for patients with negative lymph nodes 1 5 0.13 2 2 0.92 10 5 0.38

BCT: breast-conserving therapy.
a Values represent the percentage of patients in a given age group and diagnosis period.
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with the period 1985–1991, although an improvement
of borderline significance (P � 0.055) was observed
among patients ages 50 – 69 years (Table 3).

Survival According to Mode of Detection
A separate analysis of patients ages 50 – 69 years ac-
cording to mode of detection revealed significantly

improved prognosis for patients with screen-detected
disease compared with patients with interval (P
� 0.0018) or clinically detected malignancies (P
� 0.0001). The 5-year survival rates for these three
groups were 93% (95% CI, 89 –97%), 81% (95% CI,
73–90%), and 69% (95% CI, 61–77%), respectively (Fig.
3). Examination of patient and disease characteristics

FIGURE 2. Overall survival according to period of diagnosis among (A)

patients age � 50 years with invasive breast carcinoma (P � 0.25), (B)

patients ages 50–69 years with invasive breast carcinoma (P � 0.0009), and

(C) patients age � 70 years with invasive breast carcinoma (P � 0.91).

TABLE 3
Results of Multivariate Analysis of Overall Survival among Patients with Invasive Breast Carcinoma Diagnosed between 1985 and 1999,
According to Age Group

Characteristic

Age group (yrs)

< 50 (n � 406) 50–69 (n � 669) > 70 (n � 324)

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age (per yr increase) 0.97 (0.94–1.00) 0.043 1.02 (1.00–1.05) 0.054 1.08 (1.04–1.11) � 0.001
Tumor stage

II vs. I 2.26 (1.35–3.79) 0.002 2.31 (1.62–3.31) � 0.001 1.28 (0.84–1.95) 0.260
III vs. I 6.12 (3.24–11.53) � 0.0001 5.55 (3.47–8.89) � 0.001 2.23 (1.50–3.30) � 0.0001
IV vs. I 12.97 (5.11–32.94) � 0.0001 26.01 (13.97–48.45) � 0.001 3.24 (1.73–6.07) 0.0002
X vs. I 4.61 (1.06–20.01) 0.041 6.67 (3.96–11.24) � 0.001 2.26 (1.58–3.22) � 0.0001

Period of diagnosis
1992–1999 vs. 1985–1991 0.91 (0.62–1.35) 0.637 0.75 (0.57–1.01) 0.055 0.97 (0.72–1.31) 0.824

HR: hazard ratio; CI: confidence interval.
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according to mode of detection revealed that patients
with screen-detected tumors were older, more likely to
have uninvolved lymph nodes, and more likely to have
TNM Stage I disease compared with patients with inter-
val or clinically detected breast carcinoma (Table 4).

One hundred sixty-eight invasive malignancies
were diagnosed in patients ages 50 – 69 years between
1997 and 1999. Sixty-eight of these malignancies (40%)

were detected by the screening program, 47 (28%)
were interval malignancies, and 53 (32%) were de-
tected in nonparticipants or in women who did not
participate in 1 or more screening rounds.

DISCUSSION
We examined the impact of the introduction between
1992 and 1996 of a population-based mammographic
screening program for women ages 50 – 69 years by
comparing data on tumor stage, treatment, and sur-
vival in the period 1985–1991 with the corresponding
data in the period 1992–1999 for all women with in-
vasive breast carcinoma diagnosed at a large teaching
hospital. Significant improvements in stage distribu-
tion and prognosis were observed in the screened age
group, whereas no such changes were observed in the
age groups that were not screened (age � 50 years and
age � 70 years).

Adjustment for tumor stage on multivariate anal-
ysis revealed that this factor accounted for much of
the observed improvement in prognosis among pa-
tients ages 50 – 69 years; this suggests that mammo-
graphic screening has resulted in mortality reduction
via the early detection of breast carcinoma. This find-
ing is consistent with the results of an earlier study in
which we concluded that breast malignancies diag-
nosed by screening are not vastly different biologically
from clinically presenting tumors; instead, screen-de-
tected lesions represent the same biologic type but are
detected at an earlier stage of their natural history.11

Nonetheless, the improved prognosis observed in pa-
tients ages 50 – 69 years may be attributable in part to
lead-time bias; the principle behind lead-time bias is
that in some patients, screening has led to an earlier
diagnosis of breast carcinoma without affecting their
risk of dying of the disease. The benefits of screening
also might be overestimated due to length-time bias—
i.e., the possibility that clinically innocuous tumors
were more numerous among screen-detected malig-
nancies.12 A more reliable way of assessing the effec-
tiveness of a breast carcinoma screening program in-
volves the evaluation of breast carcinoma mortality
using cause-of-death statistics.4,12–16 Nonetheless,
even this method has provided ample material for
debate.17–19

Over the period 1997–1999, after the full imple-
mentation of the screening program, approximately 2
of every 5 tumors (40%) found in screened women
appeared to be interval malignancies; this rate is
somewhat greater than the rate reported in the eval-
uation of the Dutch screening program (33%).20 This
discrepancy may be explained in part by the way in
which interval malignancies are identified. In the cur-
rent study, assignment of the mode of detection was

FIGURE 3. Overall survival among patients ages 50–69 years with invasive

breast carcinoma diagnosed between 1992 and 1999, according to mode of

detection. Screening vs. interval: P � 0.0018; screening vs. other: P � 0.0001;

interval vs. other: P � 0.053.

TABLE 4
Mode of Detection of Invasive Breast Carcinoma in Patients Ages 50 –
69 Years Diagnosed between 1992 and 1999

Characteristic

No. of patients (%)

P value
Screening
(n � 194)

Intervala

(n � 79)
Otherb

(n � 146)

Age group (yrs)
50–59 88 (45) 41 (52) 86 (59) 0.048
60–69 106 (55) 38 (48) 60 (41)

Period of diagnosis
1992–1993 65 (34) 4 (5) 60 (41) � 0.0001
1994–1996 61 (31) 28 (35) 33 (23)
1997–1999 68 (33) 47 (59) 53 (36)

Pathologic lymph node status
pN� 153 (79) 43 (54) 67 (46) � 0.0001
pN� 38 (20) 34 (43) 59 (40)
Unknown 3 (2) 2 (3) 20 (14)

Stage (pTNM)
I 121 (63) 26 (33) 42 (29) � 0.0001
II 67 (35) 44 (56) 72 (49)
III 2 (1) 3 (4) 8 (5)
IV 0 (0) 3 (4) 4 (3)
Unknown 4 (2) 3 (4) 20 (14)

a Breast malignancies detected between two successive screening rounds.
b Breast malignancies detected in nonparticipants, women who did not attend one or more screening

rounds, or women who had not yet been invited to participate.
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based on a review of the clinical charts and the data-
base of the screening radiologist, whereas in the na-
tional evaluation of the screening program, an elec-
tronic search was performed by linking all patients
with negative screening outcomes to the databases of
the regional cancer registries to identify patients who
developed breast carcinoma between screening
rounds. Both of these methods may be susceptible to
error—the former because information on screening
history may be incomplete for some patients, and the
latter because of possible typographic errors in names
or birth dates in the linked databases.

Although some interval malignancies went unde-
tected on previous screening mammograms, it is pos-
sible that such malignancies were rapidly growing tu-
mors that were undetectably small or had a
nonspecific appearance on screening. Several studies
have confirmed that rapidly growing and aggressive
tumors account for a substantial proportion of cases
of mammographic failure to detect breast carcino-
ma.21,22 Based on overall survival data, the prognosis
for patients with interval malignancies was signifi-
cantly worse than for patients with screen-detected
tumors. Survival among patients with interval malig-
nancies tended to be better than survival among pa-
tients with clinically detected malignancies. These
findings are similar to those reported in the litera-
ture.23–26 According to Groenendijk et al.,26 interval
malignancies have an intermediate outcome com-
pared with screen-detected malignancies and symp-
tomatic malignancies; in the same study, screen-de-
tected malignancies were found to have a lower
mitotic activity index compared with malignancies de-
tected by other methods.

At our hospital, the proportion of patients under-
going breast-conserving surgery was low relative to
other hospitals in an adjacent region and else-
where.27–29 It was expected that the introduction of
mass mammographic screening would increase the
proportion of patients who underwent breast conser-
vation. Instead, a small but nonsignificant decrease
was observed. Even more striking was the decrease in
breast conservation among patients age � 50 years.
This decrease may be attributable to any of several
factors, such as the growing number of studies in
which age has been shown to be an independent risk
factor for local recurrence and the characterization of
the BRCA1 and BRCA2 genes, which has made sur-
geons and patients, and especially younger patients,
increasingly aware of familial breast carcinoma. Only
a limited number of other studies have described the
effects of breast carcinoma screening on breast-con-
serving therapy, and those studies have reported con-
flicting results.30 –32

In the current study, patients age � 70 years were
more likely to receive less aggressive treatment, as was
reflected by the omission of axillary dissection and
radiotherapy after breast-conserving surgery. It should
be emphasized that deviation from standard care does
not necessarily signify inadequate treatment. For ex-
ample, axillary dissection is associated with substan-
tial morbidity, and there is evidence that elderly pa-
tients with small tumors without clinical axillary
involvement may be satisfactorily treated with conser-
vative surgery and tamoxifen instead.33 In the period
covered by the current study (i.e., 1985–1999), no
changes were observed in the use of adjuvant chemo-
therapy or hormonal therapy. In 2000, new guidelines
for the treatment of lymph node–negative breast car-
cinoma were introduced, and these guidelines are ex-
pected to lead to a 50% increase in the proportion of
patients who receive adjuvant systemic treatment.
This change may, as we hope, improve prognosis for
all age groups.

In conclusion, improved prognosis and a more
favorable breast carcinoma stage distribution were
observed among patients ages 50 – 69 years during the
period 1992–1999. In this age group, patients with
screen-detected tumors had a better prognosis than
did patients with interval or clinically detected malig-
nancies. Whether this improved prognosis and earlier
diagnosis will result in a substantial reduction in
breast carcinoma mortality remains to be seen. Even
after the full implementation of the screening program
in 1996, the majority of invasive malignancies still
were detected between screening rounds or in pa-
tients who did not participate in the program.
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