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Abstract

Objective: Assessing changes in breast cancer (BC) incidence and stage distribution in the District of Modena, Italy,
during the period 1992–1998, and their relationship to a mammographic screening program launched in 1995.
Methods: Demographic, clinical, and pathological data of all BC cases reported to the population-based Modena
Cancer Registry between 1992 and 1998 were collected and linked to the screening database.
Results: A total of 3429 women were diagnosed with BC in the District of Modena between 1992 and 1998. In this
period the incidence rate increased by 15.7% (from 134.3 in 1992 to 155.4 per 100,000 in 1998). The increase began
in 1995 and exclusively included women aged 50–69; the incidence rose by 30.4%. Moreover, the rise was confined
to early tumors, with more than half (54%) of all cases reported in 1998 diagnosed as stage 0 or I disease, compared
with 42% in 1992. Screen-detected tumors were significantly smaller (13.2 mm) than other tumors diagnosed in
women aged 50–69 (18.5 mm), with 46% of screen-detected tumors smaller than 10 mm. Overall, a decline in the
average tumor diameter was shown (from 20.2 mm in 1992–1994 to 18 mm in 1996–1998).
Conclusions: Our data confirm that mammographic screening leads to an increase in the incidence of early-stage BC
cancers.

Introduction

Breast cancer (BC) is by far the most common cause of
cancer death among women living in developed coun-
tries. Age-standardized mortality rates per 100,000
women range from 25–26 in North America and
northern Europe to 6–9 in Asia and Latin America, in
Italy being 20.7 [1]. In the District of Modena the
mortality rate for 1996–1997, age-adjusted to the world
population, was 19 [2]. Nevertheless a reduction in BC
mortality has recently been observed in countries with a

high incidence of BC, such as the United States,
Canada, and the United Kingdom. According to Peto
and co-workers, over the period 1987–1997 the annual
BC death rate per 100,000 women under age 70
decreased by 22% in the United Kingdom and by 18–
19% in the United States; in older age groups a
reduction, although smaller, was also observed (12%
and 9%, respectively) [3]. Although with a different
magnitude, the decline in death rates has been confirmed
by several other authors, and the most recent report
from the National Cancer Institute shows death rates
from BC to have decreased by 1.6% annually from 1989
through 1995, and by 3.4% from 1995 through 1998,
despite a continuous increase in BC incidence [4].
Survival rates support this trend toward a better
prognosis: in England and Wales 5-year survival was
7% higher for women aged 50–69 years who were
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diagnosed with BC in 1993 than for those diagnosed in
1989 (78.3% vs 71.5%, respectively) [5]. The reason for
such an improvement in BC prognosis has been much
debated. There are two main factors which can affect BC
survival and mortality: early detection and quality of
treatment. On one hand there is consolidated evidence
of the improved effectiveness of BC treatment, mainly
related to the widespread use of systemic adjuvant
therapies [6, 7]. On the other hand randomized, con-
trolled trials have shown that screening for BC with
mammography reduces BC mortality by 25–30% in
women aged 50 years and over [8, 9]. However, this
impact on mortality is estimated to become evident in
the general population no earlier than 10 years after
the start of a mass screening program [10]. Neverthe-
less, even before effects on mortality become evident,
the effectiveness of screening programs in improving
BC prognosis may be predicted by early indicators
such as the increase in the rate of tumors diagnosed at
an early stage of development. Stage at diagnosis is well
known to be one of the most important prognostic
factors for BC, and survival rates appear substantially
lower in women diagnosed with advanced-stage disease
than in women diagnosed at an early stage [11].
In Italy, if compared to the United States, Canada,

and the United Kingdom, no substantial reduction in
BC mortality has been demonstrated on the national
level to date, even if regional disparities have been sug-
gested by the evidence, for example, of a significant
mortality drop in Tuscany [12]. However, in several
Italian Districts mass screening programs have recently
been started, which are likely to result in changes in
BC incidence, stage distribution, and prognosis. This is
supported by data from an early screening program
carried out in the District of Florence, which show a
significantly lower proportion of advanced-stage BC in
women aged 50–70 diagnosed by screening, with respect
to non-screen-detected patients [13].
Before the commencement of organized mammo-

graphic screening programs, BC incidence in Italy
was typical of an area at intermediate risk, although
displaying geographical differences, with higher rates in
the Northern, industrialized areas, and lower rates in the
Southern, rural areas. In the period 1988–1992 the
incidence rates per 100,000, age-adjusted to the world
population, were reported to range from 69, on average,
in the North, to 44 in the South [14]. In the District of
Modena, Northern Italy, where annual BC incidence in
1988–1992 was 68.8, a mass mammographic screening
was launched in 1995. Here we report the results of a
population-based study aimed at analyzing the changes
in BC incidence and stage distribution that occurred in
the District of Modena in the period 1992–1998, and

their relationship to the beginning of the screening
program.

Materials and methods

The District of Modena is an highly industrialized area
in Northern Italy with 616,585 inhabitants and a
population density of 229 inhabitants per km2 (Update:
31 December 1997).
Since 1988 the Modena Cancer Registry (MCR) has

collected data on all cancer patients living in the
District. Methods for data collection and registration
have been described elsewhere [14].
All primary BC cases, identified as International Clas-

sification of Diseases (9th revision) rubric 174, registered
by the MCR for the period 1992–1998, represent the
population under study. For these cases (3429), detailed
information on histology and stage at diagnosis were
extracted from clinical records and collected in a specific
database together with the information already available
at MCR (demographics, age at detection, date of detec-
tion, and follow-up status). These data were linked with
the records of the Institute of Pathology in order to
check and complete information on histological type,
tumor size, and nodal involvement. In 322 cases, lacking
some information on tumor features, tumor specimens
were reviewed by one of the authors (G.R.). For 73 cases
(2%), for which no admissions were reported in the
hospitals of the District, it was impossible to obtain
clinical and pathological information. Final BC staging
was based on the 1997 UICC-TNM classification [15].
In October 1995 a mass mammographic screening

program was launched in the District of Modena as a
part of a region-wide project. All women aged 50–
69 years living in the District are actively recruited to the
program, which offers biennial two-view mammography.
The program started with the recruitment of the female
residents in the municipality of Modena, and since 1997
has been extended to the other municipalities in the
District. The first round in Modena was concluded in
December 1997. The records of the screening program
were linked to the population-based BC database in
order to identify screen-detected and interval cases.
All data were analyzed with the Statistical Package

for the Social Sciences (SPSS). Rates were expressed
per 100,000 population and, when appropriate, were age-
adjusted by the direct method to the 1991 Italian
population. Pre-screening and post-screening incidence
was estimated as the mean annual incidence rate
of invasive cancer in the years 1992, 1993, 1994 (pre-
screening), and in the years 1996, 1997, 1998 (post-
screening).
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Results

In the period 1992–1998 a total of 3429 women living in
the District of Modena were diagnosed with BC: out of
3356 for whom clinico-pathological data were available,
3044 (91%) had an invasive and 312 (9%) an in-situ
cancer.
Overall, an increase in incidence (þ15.7%) was

observed in the period under study, with the rate,
adjusted to the Italian population 1991, rising from
134.3 in 1992 (95% CI 122.1–146.5) to 155.4 in 1998
(95% CI 142.4–168.3). Nevertheless, the analysis by year
shows the rise to be confined to the years 1996 and 1997
(Figure 1).
The analysis by stage demonstrates that the increase

did not involve advanced tumors, but only early tumors
(Figure 2). In-situ (stage 0) and stage I cancers com-
prised respectively 102 (7.7%) and 490 (36.8%) out of
1332 diagnosed in the period 1992–1994, and 172
(10.6%) and 700 (43%) out of 1628 diagnosed in
1996–1998. By contrast, locally advanced (stage III) and
metastatic (stage IV) disease showed a slight decline,
from 76 (5.7%) and 88 (6.6%) in 1992–1994 to 51
(3.1%) and 60 (3.6%) in 1996–1998, respectively.
Overall, more than half (54%) of all cases reported in
1998 were diagnosed as stage 0 or I disease, compared
with 42% in 1992.
Moreover, among stage I tumors a relevant increase

(from 26.9% in 1992 to 36.6% in 1998) was observed for
smaller (£1 cm), with respect to larger (1–2 cm) tumors
(Figure 3). Overall the average tumor diameter changed
from 20.2 mm in 1992–1994 to 18 mm in 1996–1998.

Incidence by age showed a relevant increase in the age
group 50–69 after 1995, whereas no increase was
reported in the other age groups (Figure 4). Among all
cases registered in the period 1992–1998, 1631 were
diagnosed in women aged 50–69: the percentage of
tumors diagnosed in this age group ranged from 46% of
total cases in the period 1992–1994 to 50.5% in the
period 1996–1998, with an increase in incidence of
30.4% (from 233.3 to 304.2 per 100,000). The rise in
incidence was observed in every subgroup (ranging
5 years) of the age group 50–69, in contrast to the
absence of rise shown in the other groups (Figure 5).
This could be considered an effect of the screening
program, started in 1995: among the 25,208 women in
the age range 50–69 living in the municipality of
Modena, who had been all invited, 19,002 (75.4%)
agreed to be screened in the first round. Abnormal
mammograms comprised 1819 (9.5% of the total):
biopsy was performed in 19% of these cases. Total
cancer and invasive cancer detection rates per 1000
women screened were 11.2 and 9.3, respectively. Overall,
among BC cases registered by RTM in the period 1992–
1998, 276 were screen-detected, accounting for 17% of
all cancers diagnosed in women aged 50–69 living in the
District. Among the women aged 50–69 living in the
municipality of Modena, screen-detected tumors ac-
counted for 237 out of 660 cases (36%). Moreover, as
shown in Figure 6, in women aged 50–69 a relevant
decline in tumor size was registered, with the average
diameter changing from 19.3 in the period 1992–1994 to
16.8 mm in 1996–1998. The decline mainly comprised
screen-detected tumors, that were significantly smaller
than non-screen-detected tumors (13.2 mm vs 18.5 mm;

Fig. 1. Age-adjusted incidence of breast cancer (all, invasive, in situ) in

the District of Modena by year. r, All; j, in situ; m invasive.

Fig. 2. Cases of breast cancer by stage (Tis, I, II, III, IV) and by year

of diagnosis.
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p¼ 0.001), with 46% of screen-detected tumors smaller
than 10 mm (Figure 6).

Discussion

Our study shows an increase of 15.7% in BC incidence
during the period 1992–1998 among women living in
the District of Modena. This rise could be reasonably
attributed to a mammographic screening program
launched in 1995 which recruits all women aged 50–69
living in the District of Modena. The increase has been

observed after the commencement of the program and
exclusively involved women aged 50–69 (þ30.4%),
whereas no relevant increase was registered in the years
before screening, nor was any difference observed
among women in other age groups. In addition, among
women aged 50–69 the greatest rise in incidence oc-
curred in those living in the municipality of Modena,
who were all invited to the screening program by 1997,
compared to women living in other municipalities, in
which recruitment was started, but not completed, in
the period under study. A major contribution of the
screening is also supported by changes in stage distri-
bution, as the increase was entirely confined to early-
stage tumors (stages 0 and I), whereas frequency of
advanced tumors showed a slight decrease. Moreover,
among tumors smaller than 20 mm (pT1), a relative
increase of tumors of diameter 1–10 mm (pT1a and
pT1b) with respect to tumors larger than 10 mm was
observed. Overall, a decline in the average diameter of
tumors was shown, which was mainly related to the
significant smaller size (13.2 mm) of screen-detected
tumors, with respect to non-screen-detected (18.5 mm)
tumors, in women aged 50–69. An increase in BC
incidence, as well as in the rate of small tumors, has been
reported by several authors as a result of the introduc-
tion of mammographic screening [16–23]. Nevertheless,
cancer detection rate at the first round was higher in our
screening program than in previous reports (11.2 versus
5.3–6.5 for all cancers and 9.3 versus 5.0–5.3 for invasive
cancers only) [21, 24], which cannot easily be explained.

Fig. 3. Stage I breast cancer: distribution by tumor size.

Fig. 4. Invasive breast cancer: age-specific incidence by year. j, Age

30–49; m, 50–69; �, 70+.
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The rise in early-stage cancers excludes the possibility
that such a high detection rate is caused by the diagnosis
of ‘‘old’’ prevalent tumors in a population with a lower
use of mammography before organized screening with
respect to other studies. This is also supported by the
higher rate of tumors £10 mm among screen-detected
cases in our experience (46%) compared to 33% and
42% in previous reports [16, 21]. One possible explana-
tion is that, in addition to the apparent increase due to

increased screen-related detection, there has also been a
true increase in the underlying incidence. In addition,
recent improvements in mammography performance
may have played a role in increasing the cancer
detection rate in comparison to screening programs
carried out in the past, which raises the issue of an
overdiagnosis of tumors with limited malignant poten-
tial. Monitoring of incidence rates will continue, in
order to address this issue, and to better establish the
long-term impact of the screening program.
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