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BACKGROUND: After the introduction of a mammography screening program, the incidence of late-stage breast cancer is expected

to decrease. The objective of the current study was to evaluate variations in the total incidence of breast cancer and in the incidence

of breast cancers with a pathologic tumor (pT) classification of pT2 through pT4 after the introduction of mammography screening

in 6 Italian administrative regions. METHODS: The study area included 700 municipalities, with a total population of 692,824 women

ages 55 to 74 years, that were targeted by organized mammography screening between 1991 and 2005. The year screening started at

the municipal level (year 1) was identified. The years of screening were numbered from 1 to 8. The ratio of the observed 2-year, age-

standardized (Europe) incidence rate to the expected rate (the incidence rate ratio [IRR]) was calculated. Expected rates were esti-

mated assuming that the incidence of breast cancer was stable and was equivalent to that in the last 3 years before year 1. RESULTS:

The study was based on a total of 14,447 incident breast cancers, including 4036 pT2 through pT4 breast cancers. The total IRR was

1.35 (95% confidence interval, 1.03-1.41) in years 1 and 2, 1.16 (95% confidence interval, 1.10-1.21) in years 3 and 4, 1.14 (95% confidence

interval, 1.08-1.20) in years 5 and 6, and 1.14 (95% confidence interval, 1.08-1.21) in years 7 and 8. The IRR for pT2 through pT4 breast

cancers was 0.97 (95% confidence interval, 0.90-1.04) in years 1 and 2, 0.81 (95% confidence interval, 0.75-0.88) in years 3 and 4,

0.79 (95% confidence interval, 0.73-0.87) in years 5 and 6, and 0.71 (95% confidence interval, 0.64-0.79) in years 7 and 8. CONCLU-

SIONS: A significant and stable decrease in the incidence of late-stage breast cancer was observed from the third year of screening

onward, when the IRR varied between 0.81 and 0.71. Cancer 2013;119:2022-8. VC 2013 American Cancer Society.
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Stefano Ciatto died on May 4, 2012. He contributed greatly to the development of screening programs in Italy. This paper is dedicated to his memory.
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INTRODUCTION
In the Swedish Two-County trial of mammography
screening, the incidence of stage II and greater breast can-
cer in the study group began to decrease 5 years after ran-
domization.1 The difference from the control group
stabilized at approximately�30% in the eighth year, after
which the curves of the cumulative incidence rates
remained parallel to each other. These curves corre-
sponded well to those for mortality.

These findings suggested that the decrease in the
incidence of late-stage breast cancer that is observed (or
expected to be observed) some years after the introduction
of a mammography screening program is an early surro-
gate indicator of a reduction in mortality.2 It provides evi-
dence that early detection has interrupted the natural
history of an appreciable number of preclinical cancers
with a potential to progress and become lethal.

For this reason, the effect of mammography screening
programs on the incidence of late-stage breast cancer in tar-
get populations has been the subject of several investiga-
tions. In general, the results have fallen short of
expectations. With considerable differences in design, tu-
mor stage grouping, duration of observation, and statistical
methods, studies from Finland3; the United Kingdom4;
the Netherlands5-7; and New South Wales, Australia8 have
associated the introduction of organized mammography
screening with a decrease of approximately 10% to 20% in
the incidence rate of advanced disease. A comparable num-
ber of studies from Norway9; southern Netherlands10;
Switzerland11; Victoria, Australia12; Rhode Island13; and
New Mexico14 have demonstrated either no decrease or
only a nonsignificant decrease. In this article, we report a
study that was designed to assess changes in the total inci-
dence of breast cancer and in the incidence of late-stage
breast cancer after the introduction of organized mammog-
raphy screening in Italy.

MATERIALS AND METHODS

Setting: The Italian Organized Mammography
Screening Programs

In Italy, decisions regarding whether and when to intro-
duce organized mammography screening rest with the
governments of the administrative regions. The planning
of regional screening programs is decentralized at the
health care district level, and further variation in timing of
implementation occurs between municipalities—the
smallest level of local government. This accounts for the
reality that the introduction of screening has been gradual
over the last 20 years and has not yet been completed. In
2009, the proportion of Italian women ages 50 to 69 years

who ever had been invited to screening was 70%.15

Although women ages 70 to 74 years are not in the nomi-
nal target population, many of them are invited, because
the lists of the target population at the local level are
updated at relatively long time intervals.

The IMPACT Project

This report addresses a secondary analysis of data from the
IMPACT project, a national, cancer registry-based inves-
tigation into the results of ongoing screening programs.16-

18 The 2009 update of the IMPACT database included
82,680 registered patients with breast cancer ages 40 to 79
years from 10 administrative regions which were targeted
at least in part by organized mammography screening.
The participating registries also provided data on the pop-
ulation of women in the 1306 municipalities of the study
area by 1-year age group and year of registration.

In Italy, variation in the year of implementation of

screening between municipalities is combined with

equally wide variation in the spatial and temporal cover-

age of cancer registration. The time period covered by the

IMPACT database was between 1988 and 2006.

Rationale and Design

Studies of trends in breast cancer incidence after the start
of screening are temporal correlation studies. These are
aimed at detecting a relation between 2 characteristics,
such as exposure to screening and the risk of late-stage
breast cancer, both of which are measured at the aggregate
level rather than at the individual level.

The validity of this design is strengthened if the

study population is rapidly saturated with the factor of in-

terest. Ideally, this should take less time than that needed

for the expected effect to become visible. From this point

of view, public health mammography screening programs

have 2 disadvantages: their target population is a dynamic

one, and their full implementation takes much longer

than the nominal 2 years.4,7,8 At any point in time, there

are always population subgroups, defined by women’s age

and residence, whose exposure time to screening is too

short to have an impact on the incidence of late-stage

breast cancer. This causes a dilution over time of the

screening benefit, as has been the case historically for the

effect of Papanicolaou smear screening on incidence and

mortality rates from cervical cancer in Denmark and Nor-

way compared with Finland and Sweden.19

Because of these problems, we designed the current

study as follows: 1) we excluded women ages 50 to 54

years, because they had�5 years of exposure to screening;

2) we defined the year screening started at the municipal-

ity level as the first year in which a screen-detected breast
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cancer was registered, and we numbered the years of
screening consecutively from year 1 (the year screening
started) to year 820; 3) we restricted the study to those
municipalities in which the proportion of total incident
cancers that were detected by screening (a proxy of the sat-
uration of the target population) reached the arbitrary
level of 30% within year 2, ie, the first full year of the pro-
gram; 4) we assumed that the annual incidence that would
be expected in the absence of screening was stable and was
equivalent to that observed in the last 3 years before year
15,7,8; 5) we evaluated the effect of screening from year 1
to year 8 based on the decreasing number of available
municipalities; and 6) to determine whether the progres-
sive decrease in the study population and the associated
changes in its geographic composition could introduce a
bias into the results, we performed a supplementary analy-
sis of the subgroup of municipalities that had a complete
8-year period of observation.

Population and Cancer Cases

After identifying those municipalities in which screen-
detected cancers accounted for �30% of the total inci-
dence in year 2, we selected the population ages 55 to 74
years and the registered cases of invasive (including micro-
invasive) breast cancer. The study area included 13 regis-
tries and 700 municipalities in 6 administrative regions of
central and northern Italy (Table 1). The eligible popula-
tion included 692,824 women in year 1 and 300,859
women in year 8. The different time periods of registra-

tion were between 1990 and 2006. The total number of
eligible cancer cases was 5002 in the years before year 1
and 14,447 in years 1 through 8.

Tumor Stage Classification

We classified the stage of disease using pathologic tumor
(pT) information rather than the pathologic lymph node
(pN) or pTpN classification, as suggested by others2,6,8.
The pT information was available for a larger proportion
of patients and was less prone to stage migration bias,
which occurs when technologic improvements in staging
over time result in certain tumors being classified to
higher stages than they would have been in an earlier pe-
riod.21,22 Late-stage breast cancer was defined as pT2,
pT3, and pT4. The pT status was established using the
original pT classification or, if this was not available, the
reported greatest dimension of the primary tumor, with
cancers>20 mm classified as pT2 through pT4.

Statistical Methods

The study endpoints were the total incidence of breast
cancer and the incidence of pT2 through pT4 breast can-
cer. A change in incidence was calculated as the ratio, with
95% confidence interval (CI), between the observed 2-
year, age-standardized (Europe) incidence rate and that
expected (the incidence rate ratio [IRR]).

The total and tumor stage-specific expected rates per
100,000 population were calculated using the rates regis-
tered in the last 3 years before year 1, except for a small

TABLE 1. The Study Area: Registries, Number of Municipalities, Years of Introduction of Organized
Mammography Screening at the Municipality Level, Number of Years of Registration, Number of Incident
Breast Cancers Before and After the Introduction of Organized Mammography Screening: Ages 55 to 74
Years

Registry
No. of

Municipalities
Years of Screening

Introduction

No. of Years of Registration
No. of Registered
Breast CancersBefore Aftera

Min Max Min Max Before Aftera

Firenze 8 1991-1998 1 3 6 8 325 1900

Romagna 67 1995-2000 3 3 4 8 926 3044

Modena 47 1995-2001 3 3 5 8 683 2091

Ferrara 26 1997-1999 3 3 5 7 465 1389

Parma 47 1997-2002 3 3 3 8 462 1440

Umbria 15 1998-2002 1 3 1 5 29 199

Rovigo 40 1998-2002 2 3 1 5 163 374

Bologna 50 1998-2003 1 3 1 6 214 1098

Reggio Emilia 38 1998-2003 1 3 2 7 213 735

Verona 33 1999-2002 2 3 1 4 338 769

Trento 197 2000-2003 3 3 1 4 408 607

Sondrio 75 2000-2005 3 3 1 6 158 362

Varese 57 2001-2001 3 3 1 1 618 439

Total 700 1991-2005 1 3 1 8 5002 14,447

Abbreviations: Min, minimum; Max, maximum.
a Values include the year of screening introduction.
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minority of municipalities in which only 1 or 2 years of
registration were available (Table 1). Because of the study
design, the population decreased with time, and the geo-
graphic basis varied. The expected incidence rates were
calculated using the prescreening incidence data specifi-
cally registered in those municipalities that formed the ge-
ographic basis of the study in each year from year 1 to year
8. Incidence data from all eligible municipalities were
used for the length of time that they were covered by
registration.

The proportion of stage pTX cancers, which was
10% in year 1, decreased to 9% in year 2 and to �5%
thereafter. To minimize the biasing effect of this decreas-
ing trend on the trend in tumor stage-specific incidence,
both the observed rate and the expected rate were adjusted
by allocating a proportion of pTX cancers to the pT2
through pT4 tumor category. This proportion was esti-
mated by stratifying pTX cancers by municipality group,
patient age group, and year of screening and by applying

to the number in each stratum the corresponding propor-
tion of pT2 through pT4 cancers observed among cancers
with known pT status.

RESULTS
Figure 1 indicates that the proportion of total incident can-
cers detected by screening at the first screen peaked at 43%
in year 2, ie, the first full year of the program. The propor-
tion decreased thereafter and stabilized at 5% to 10% from
year 5 onward. Because cancers detected on subsequent
screens increased accordingly, the total proportion of
screen-detected cancers remained fairly stable from year 2
onward, with values generally between 40% and 45%.

The 14,447 eligible cancers registered in year 1 to
year 8 included 4036 (28%) pT2 through pT4 cancers.
Table 2 provides the number of woman-years of observa-
tion, the observed and expected incidence rates of late-
stage cancer and total cancers, and the point estimate with
95% CI for the IRRs according to 2-year time periods.

The plots of these IRRs are provided in Figure 2.
The vertical lines in the figure indicate the 95% CIs, and
the bold horizontal line is set at an IRR of 1.0 and indi-
cates no difference between observed and expected rates.
The total incidence rate rose by 35% in years 1 and 2 and
stabilized thereafter at a level that was approximately 15%
higher than expected.

After the introduction of screening, the incidence of
late-stage breast cancer remained unchanged during years
1 and 2. A significant and stable decrease was observed
from year 3 onward, when the IRR varied between 0.81
and 0.71.

In the subgroup of municipalities that had 8 years of
observation, the observed incidence rate of late-stage breast
cancer in the four 2-year time periods was 106.0 in years 1

Figure 1. The proportion (%) of total incident cancers that
were screen-detected is illustrated according to the year of
screening (ages 55 to 74 years).

TABLE 2. Number of Woman-Years of Observation, Observed and Expected Age-Standardized (Europe)
Incidence Rate of Breast Cancer per 100,000 Woman-Years, and Observed-to-Expected Incidence Rate
Ratios according to 2-Year Screening Period: Ages 55 to 74 Years

Variable

Years of Screening

1-2 3-4 5-6 7-8

Woman-years 1,385,612 1,225,745 1,061,543 718,661

Total breast cancer incidence

Observed rate (no. of women) 368.2 (5129) 311.4 (3841) 308.6 (3275) 306.2 (2202)

Expected rate (no. of women)a 272.4 (3775) 269.4 (3302) 270.6 (2873) 267.9 (1925)

Incidence rate ratio [95% CI] 1.35 [1.03-1.41] 1.16 [1.10-1.21] 1.14 [1.08-1.20] 1.14 [1.08-1.21]

pT2 through pT4 breast cancer incidence

Observed rate (no. of women) 104.0 (1499) 85.4 (1088) 83.2 (912) 72.3 (537)

Expected rate (no. of women)a 107.6 (1491) 105.1 (1288) 105.0 (1114) 101.7 (731)

Incidence rate ratio [95% CI] 0.97 [0.90-1.04] 0.81 [0.75-0.88] 0.79 [0.73-0.87] 0.71 [0.64-0.79]

Abbreviations: CI, confidence interval.
a Expected rates were calculated using the rates observed in the last 3 years before year 1 of screening and assuming a stable trend.
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and 2, 94.2 in years 3 and 4, 81.4 in years 5 and 6, and 71.0
in years 7 and 8. The IRR for those 4 periods was 1.07 (95%
CI, 0.96-1.19), 0.95 (95% CI, 0.85-1.06), 0.82 (95% CI,
0.73-0.92), and 0.72 (95% CI, 0.63-0.81), respectively.

DISCUSSION

Study Design

In the target population of a screening program, at any
point in time, there are always women for whom the dura-
tion of exposure is insufficient for the potential effect of
screening on late-stage breast cancer to become apparent.
The reasons are that a new birth cohort enters the target
population every year and that the geographic progression
of a program is gradual.

The design of this study addressed both problems.
On the one hand, we excluded women ages 50 to 54 years
who had �5 years of exposure. On the other hand, we
synchronized the time periods of cancer registration at the
municipality level20 and excluded those municipalities in
which the start-up phase of screening was relatively slow.

The combined effect of these 2 latter adjustments
was that the proportion of screen-detected cancers peaked
and stabilized in year 2, ie, the first full year of screening
(Fig. 1). This means that we created a virtual situation in
which organized screening was apparently introduced in a
simultaneous manner and with great rapidity over a large
geographic area. In this virtual (and ideal) setting, the real
effects on incidence became appreciable.

The population decreased progressively with the year
of observation, which commonly occurs in prospective
studies. If the earliest screening programs, ie, those with
longer follow-up, were more effective than those that were
implemented later, then this would be sufficient to explain
the observed changes the in IRR. In the subgroup of
municipalities that had a complete 8-year period of obser-
vation, however, we observed no evidence of this greater
effectiveness. The impact of screening on reducing the

incidence rate of late-stage breast cancer was not greater in
those municipalities with longer observation time.

Expected Incidence

Another complicated aspect of this type of study is the
expected incidence.23 Problems with long-term registra-
tion of tumor stage-specific incidence make it difficult to
assess the presence of an upward or downward trend in
prescreening years. In our data, the duration of cancer
registration before year 1 was insufficient for most munic-
ipalities. Therefore, like many others,5-8 we assumed that
the incidence was stable for all tumor stages.

This approach could lead to either an underestima-
tion or an overestimation of the effects of screening. In
general, the opportunity of taking a pre-existing trend
into account would provide a more rigorous design. How-
ever, this has one critical exception: if the trend results
from a bias, then its projection would amplify the bias.4

The advertising campaign that precedes the start of a
screening program promotes higher levels of opportunis-
tic screening. It is also possible that it results in increased
awareness and prompts both an increase in the number of
women responding to prevalent symptoms and a faster
response to the first appearance of symptoms. All of these
effects may translate into an increase in incidence and an
apparent increasing trend, with an overestimation of the
relative decrease observed (if any) some years later. Soon
before the introduction of screening, the total incidence
of breast cancer in central and northern Italy was increas-
ing at a rate of 0.9% per year.16 Because national survey
data on mammography use have become available only
recently, we cannot confirm that this finding suffered
from a bias. It clearly appears, however, that our assump-
tion of a stable incidence was conservative.

Tumor Stage Classification

Our definition of late-stage disease was based on the pT
information alone because of its almost complete

Figure 2. Ratios with 95% confidence intervals are illustrated between the observed and expected age-standardized (Europe)
incidence rates of breast cancer per 100,000 women according to 2-year screening period (ages 55 to 74 years). pT indicates
pathologic tumor classification.
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availability2 and because the pN information is prone to
stage migration bias. In the United States21 and Europe,22

many studies covering the years between the mid-1990s
and the mid-2000s, a period encompassed by our own
study, have associated the introduction of sentinel lymph
node biopsy with a substantial increase in the incidence of
axillary lymph node micrometastases at the population
level. This shift has been caused by an increasingly thor-
ough pathologic examination of lymph nodes because of
the use of serial sectioning and immunohistochemistry.
Such a time trend definitely contraindicates the use of the
pN information for a study of incidence trend of late-stage
breast cancer over the last 20 years.

Interpretation of Results

Between the third and eighth years of organized screening,
the incidence of late-stage breast cancer was 20% to 30%
lower than in the last 3 years before the start of local pro-
grams. The observational nature of the study, however,
does not allow us to make causal inferences. We only
documented a temporal correlation between statistical
aggregates. This means that intervening factors, such as
increasing use of mammography outside the screening set-
ting, may help to explain our results.

Conversely, our results are consistent with many
specific data from the same screening programs. These
data include a participation rate of 65%,15 a proportional
incidence of interval breast cancer well within the recom-
mended standards,24 a 24% decrease in incidence of total
mastectomy,17 and the results from a case-control study
reporting a 25% lower breast cancer mortality among
invited women versus not-yet-invited women.18 This lat-
ter finding strongly suggests that early detection by mam-
mography has reduced the incidence of a highly lethal
condition like late-stage breast cancer.

Comparison With the Literature

In addition to the results described above, the temporal
pattern of incidence of late-stage breast cancer in the cur-
rent study had considerable similarities to the pattern
reported in the Swedish Two-County trial.1 In that study,
the incidence of stage II or greater cancers began to
decrease 5 years after randomization, and the difference
between the study group and the control group stabilized
at approximately �30% in year 8. However, it is impor-
tant to note that women ages 50 to 74 years (74% of the
study group) were invited to screening every 33 months;
in other words, they had their first mammogram over a
33-month period, which was an average of 16.5 months
after randomization. If this delay is taken into account,
then it appears that stage II or greater breast cancers began

to decrease, on average, during the third year after the first
mammogram. The Two-County trial provides a good
illustration that, after the introduction of screening, the
incidence of late-stage breast cancer decreases fairly soon
and stabilizes rapidly at a lower level (unless the sensitivity
of mammography increases with time).10

In an observational study, the design should be able
to capture this transient situation. This was not the case
for many such studies, which helps explain the finding
that their results were less consistent than expected.25 In
East Anglia, United Kingdom, after 6 years of screening,
the incidence of stage II through IV breast cancer
decreased by 7% to 19%, depending on the methods used
to estimate the expected rate.4 A Finnish study reported a
9% decrease in lymph node-positive (Nþ) breast cancers
after 11 years.3 Data from Limburg, the Netherlands,
indicated a 10% decrease in stage II through IV cancers af-
ter 5 years5 and an 18% decrease in T2 or greater (T2þ)
cancers after 9 years.6 A Dutch national study reported a
12% decreased incidence of T2þ/Nþ/M1 cancer after 8
years.7 In New South Wales, Australia, the incidence of
tumors that measured>30 mm in greatest dimension was
20% less than expected after 7 years.8

Negative studies have been reported from south-
ern Netherlands,10 the Swiss canton of Geneva,11 and
some Norwegian counties,9 in which the incidence of
stage II or greater breast cancer remained stable for 12
years, 16 years, and 9 years, respectively. The study
from southern Netherlands covered the years from
1997 to 2008,10 but the nationwide screening program
was implemented much earlier, between 1989 and
1997.7 In a study from Victoria, Australia, where no
significant effects occurred, the observation time was as
short as 4 years.12 A study from Rhode Island reported
a stable incidence of stage II through IV breast cancer
between 1995 and 2001. The moderate increase in
mammography rates observed between 1990 and 2001,
however, could not be expected to have any measurable
impact.13

In conclusion, we used some methodological
approaches in this investigation that were designed to
improve the sensitivity of a temporal correlation study
toward the potential effect of organized mammography
screening on the incidence of late-stage breast cancer. A
significant and stable decrease was observed from the
third year of screening onward, when the IRR varied
between 0.81 and 0.71. This corroborates the results of
observational studies that previously reported a limited
but significant impact of screening on late-stage breast
cancer.
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