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Abstract 

Background. Breast cancer represents the most common form of neoplasm in women, with an estimated 685,000 deaths annually. 
In this regard, screening programmes represent one of the most effective intervention tools in the field of cancer prevention. The 
aim of this study is to analyse and describe the key performance indicators of the screening programmes in Lombardy from 2016 
to 2022.
Study design. Descriptive temporal analysis study.
Methods. The data pertaining to the screening campaign were subjected to analysis, with the results broken down according to 
the following criteria: individual province, age group eligible for screening, and campaign year. For each campaign, the data 
pertaining to the population subjected to screening, as well as the data concerning the rate of cancers identified during the 
campaign, were subjected to analysis.
Results. For the three age groups, a substantial overlap in call and campaign adherence rates can be observed, with stable values 
between 2016 and 2019, followed by a significant decline in the 2020 campaign associated with the impact of the pandemic on 
prevention activities, including cancer screening campaigns. The data for 2021 and 2022 indicate a reversal of the decline in 
adherence and call rates, particularly in the 45-49 age group, which exhibited an increase of approximately 300% in the call rate 
between 2021 and 2020.  Moreover, the categorization of the provinces into urban, mountainous and rural provinces demonstrates 
an overlap in the admission rates between the three areas in the different years.
Conclusions. Despite the existence of mammography screening campaigns for more than 20 years, adherence rates in the Lombardy 
region remain below the targets set out in Europe’s Beating Cancer Plan. In this regard, the observed variations, particularly 
during the period of the pandemic and in the subsequent post-pandemic period, provide an opportunity to rethink the organization 
of screening campaigns in order to increase adherence and effectiveness.
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Introduction

Breast cancer is the most common type of cancer 
among women, causing 685,000 deaths globally 
(1,2). In Italy, it is liable for 12,500 deaths in 2021, 
with 55,700 recorded new cases in 2022 and 834,200 
women living with the disease (3). Due to its 
prevalence, breast cancer is considered as one of the 
main public health and preventive medicine issues.

Screening programs are one of the most suitable 
and cost-effective intervention in public health 
and specifically in cancer prevention. Screening 
importance is underlined by several studies that found 
a decrease in mortality in countries that implemented 
organized population-based screening programs for 
early detection of the disease (4-12). Building on 
this and according to current evidence, the European 
Commission Initiative on Breast Cancer recommends 
the implementation of organized screening programs 
for women aged 45 to 49 (conditional recommendation, 
moderate certainty of the evidence), 50 to 69 
(strong recommendation, moderate certainty of the 
evidence) and 70 to 74 (conditional recommendation, 
moderate certainty of the evidence), through digital 
mammography or tomosynthesis (13). 

In 2020, European Union (EU), in order to cut 
down breast cancer mortality rate, placed a focus on 
the objectives of cancer screening programs through 
the Europe’s Beating Cancer Plan. The objectives 
were to reach at least 90% coverage of the eligible 
population. Despite this ambitious objective and several 
implementation policies, such as the introduction of 
population-based breast cancer screening programs 
in 25 out of the 27 EU member state, coverage levels 
were still below the goal, ranging from 6% to 90% 
(14). The importance of screening and of a preventive 
approach to breast cancer is further highlighted by a 
study published in 2020 that estimated the decreasing 
of 12,434 breast cancer deaths in Europe by reaching 
a screening coverage rate of 100% (9).  

In Italy each region is in charge for the 
implementation of screening programs according to 
national guidelines, guaranteeing a mammography 
every two years for women aged 50-69, with the 
possibility for each region to further extend the target 
population (15). In particular, Lombardy region has 
been implementing breast cancer screening since 
the early 2000s. In 2017 the target population has 
been extended to women aged 45-49 with annual 
mammography and to women aged 70-74 with a 
mammography every two years (16). The whole 
screening procedure is voluntary and has no cost for 

the citizens, aiming to provide equal access to care 
for all women

Screening programs can only function within 
a well-organized healthcare system, due to their 
considerable logistic costs and longtime results. This 
is one of the reasons why in specific situations, such 
as pandemic, the goal to guarantee primary care 
service could led to a temporary screening service 
outage. Notably, Lombardy region has been one of 
the first European areas to be invested by the COVID-
19 pandemic in early 2020, resulting in a national 
lockdown which has severely impacted prevention and 
screening, with an important decrease in the number 
of invitations to mammography in 2020 (17,18).

The aim of this paper is to describe key performance 
indicators (KPIs) of the Lombardy regional breast 
cancer screening program from 2016 to 2022, a period 
which also includes the program delay due to the 
pandemic and eventually the resumption in 2022.

Materials and methods

Lombardy breast-cancer screening program setting
The national healthcare service operates in 

the territory of Lombardy region through eight 
local Health Protection Agencies (ATS) led by the 
Directorate-General Welfare. Each ATS is responsible 
for the management of the breast-cancer screening 
program in its area. Within the target population, 
individuals eligible to participate in the screening 
program are identified by excluding those who had a 
recent mammography (temporary suspension) or with 
diagnosis of breast cancer (permanent suspension). 
Eligible women receive a letter of invitation containing 
general information about the screening program and 
an appointment to perform the exam, which consists 
of a mammogram in two projections, independently 
reviewed by two radiologists. In the case of suspicious 
or positive results, the woman is referred for further 
diagnostic examinations. In the case of a negative 
result instead, the women re-enter the program and 
will be contacted again after two years (women aged 
50-74) or one year (women aged 45-49). 

Source of data and analysis
The Directorate-General Welfare yearly collects 

and analyzes data from each ATS through the form 
to be delivered to the Health Ministry through the 
National Screening Observatory. One ATS could not 
deliver complete cancer data for 2022 due to a hacker 
attack to the screening registry. The hacker attack 
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seriously corrupted the screening database, for year 
2022 and before. Data about screening tests performed 
was almost rescued, whilst data about lesions detected 
was poorly restored. Data from 2016 to 2022 were 
collected in a datasheet on SAS Analytics Software 
9.4. A preliminary analysis was performed to assess 
the viability of the survey’s answers, searching for 
missing data or errors. Descriptive analysis were 
conducted analyzing categorical data as absolute 
frequencies and percentages. No inferentional analysis 
was conducted.

Key performance indicators
The following KPIs were analyzed for women aged 

45-49, 50-69 and 70-74, for the years 2016-2022:
- adjusted invitation coverage: percentage of 

individuals invited to screening during the analysed 
period, compared to the target population, excluding 
undelivered invitations and individuals with specific 
exclusion criteria;

- examination coverage: percentage of individuals 
who underwent the examination compared to the 
target population, excluding individuals with specific 
exclusion criteria;

- recall rate (RR): the number of individuals 
recalled for further assessments as a proportion 
of all individuals who underwent a screening 
examination;

- detection rate (DR): the number of all malignant 
cancers detected every 1,000 screened individuals;

- positive predictive value (PPV): the ratio of 
lesions that are diagnosed as truly positive to those 
that test positive at the screening exam

The ATS were eventually clustered according to 
population and healthcare network difference. The 
three main ATS of Lombardy, Milano, Bergamo 
and Brescia were considered as city area, while the 
north area, corresponding to Varese and Sondrio, was 
considered as mountain area. The remaining ATSs 
were merged into countryside area.

Results

Table 1 presents data for the 50-69 age cohorts 
evaluated between 2016 and 2022. Adjusted invitation 
coverage was constantly around 100%, with the 
exception of the pandemic biennium when it dropped 
to 57.5 % (2020) and 84.3% (2021). Regarding the 
examination coverage, around half of the target 
population was covered by screening test in the 
organized program before the pandemic, whilst in 
2020 only one out of three women was covered 
with the mammography. In terms of RR, the average 
is 10.4% for initial examinations and 4.4% for 
subsequent examinations. The PPV is approximately 
4.4% for initial examinations and 9.4% for subsequent 
examinations. DR is between 3.9% and 4.9% for 
first examinations and between 4.0% and 4.5%.
for subsequent examinations; the DR below 4.0% 

Table 1 - Key performance indicators of Lombardy region breast-cancer screening program, 2016-2022, age group 50-69 years old.

2016 2017 2018 2019 2020 2021 2022

Target population (n) 700,096 688,828 691,561 695,907 705,152 711,143 720,873

N. of invited subjects 624,502 611,981 652,557 649,903 375,884 563,653 696,303

Adjusted invitation coverage (%) 98.9 99.7 106.0 100.5 57.7 84.3 101.0

Examination coverage (%) 50.4 52.9 52.9 53.4 29.0 53.0 48.3

N. of screened women 352,566 364,139 365,684 371,357 204,750 376,926 347,879

Adjusted partecipation rate (%) 64.6 67.2 63.7 67.0 62.1 70.8 54.8

Recall rate (%)

First screening 11.4 10.7 10.3 10.7 9.5 10.5 9.9

Subsequent 4.7 4.2 4.3 4.3 4.5 4.6 4.4

N. of screen-detected cancers 1,469 1,588 1,682 1,535 830 1,688 1,156

Detection rate (‰)

First screening 4.9 4.9 5.0 4.8 3.9 4.2 3.5

Subsequent 4.0 4.3 4.5 4.0 4.1 4.5 3.3

Positive predictive value (%)

First screening 4.5 4.7 5.0 4.6 4.2 4.4 3.7

Subsequent 8.8 10.2 10.6 9.6 9.2 9.9 7.5
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observed in 2022 is probably due to the missing cancer 
cases registration in one ATS. Moreover, despite the 
impact of the SARS-CoV-2 pandemic, as evidenced 
by the reduced invitation rates, an analysis of clinical 
outcomes as detection rates revealed no substantial 
differences between the years preceding and those 
during the pandemic.

Table 2 presents data for the 70-74 cohorts evaluated 
from 2016 to 2022. Due to the gradual implementation 
of screening of screening extension for these cohorts 
by the Lombardy region, for 2016 and 2017 data are 
not available for all the ATS. The invitation coverage 
displays an increase followed by a drop, which can be 
attributed to the Sars-CoV-2 pandemic, and then a new 
increase.  The examination coverage reaches 50% in 
2018 and then is hampered as well by the pandemic. RR 
is similar to the one observed in the 50-69 age range; 
whilst DR and PPV are markedly higher in this age 
group: DR is higher than 8% in 2017-2018 and PPV is 
higher than 15% from 2017 on. In this regards, Table 2 
illustrates that the 70-74 age group has been significantly 
affected by the impact of the SARS-CoV-2 pandemic on 
screening programmes. Indeed, the adjusted invitation 
coverage in 2020 is approximately half that observed 
in 2019, and the first screening detection rate in 2020 
and 2021 is, respectively, approximately half and two-
thirds of the 2019 rate.

Table 3 presents data for the 45-49 age cohorts 
evaluated from 2016 to 2022. As a consequence of 
the gradual implementation of screening extension 

for these cohorts by the Lombardy Region, data are 
not available for all ATSs for the years 2016, 2017, 
and 2018. The data demonstrate a notable variation 
in invitation coverage over time, with a consistent 
upward trajectory following the onset of the SARS-
CoV-2 pandemic. Notably, the survey coverage has 
never exceeded 16% until 2021. The RR is comparable 
to that observed in both the 50-69 and 70-74 age 
groups, while the DR and PPV align with the values 
observed in the 50-69 cohorts.

In Figure 1 a breast screening participation rate is 
described according to the geographical area. Despite 
fluctuations we can note a substantial overlap among 
three areas with and increasing of response rate 
during 2021, with an average rise of 24.9%. In the 
same assessment we have also note an increasing of 
response range since 2020 during which the response 
rate between countryside and mountains was 8.6%, 
while the rage increase to 11.8% during 2021.

Discussion

Screening programs are among the most cost-
effective strategies in medicine and they represent a 
cornerstone in prevention (19). Since its introduction, 
breast cancer screening has provided a fundamental 
preventive tool resulting in a decrease of mortality 
linked to this neoplasia (20). Italian National 
Healthcare Service (SSN) develops it through several 

Table 2 - Key performance indicators of Lombardy region breast-cancer screening program, 2016-2022, age group 70-74 years old. 

2016* 2017** 2018 2019 2020 2021 2022

Target population (n) 35,770 85,565 135,827 140,895 144,787 149,080 146,434

N. of invited subjects 17,456 48,169 133,120 115,964 64,326 110,130 130,835

Adjusted invitation coverage (%) 53.2 59.3 109.2 92.0 47.8 81.5 95.4

Examination coverage (%) 34.1 33.0 53.0 49.3 24.4 49.3 48.5

N. of screened women 12,183 28,216 71,981 69,517 35,304 73,563 71,089

Adjusted partecipation rate (%) 81.0 68.1 61.4 69.9 62.5 70.2 58.4

Recall rate (%)

First screening 9.2 10.9 10.1 11.1 7.6 11.6 8.8

Subsequent 5.2 5.0 4.6 4.6 4.1 4.5 4.5

N. of screen-detected cancers 58 240 649 517 244 583 707

Detection rate (‰)

First screening 4.8 13.0 14.9 16.8 8.6 11.5 20.0

Subsequent 4.9 8.4 8.8 7.1 6.9 7.8 9.5

Positive predictive value (%)

First screening 5.3 12.0 14.8 15.2 11.3 10.0 21.3

Subsequent 9.4 16.6 18.8 15.4 16.7 17.3 21.5

*For 2016, data is available only for two ATS, ** For 2017, data is available only for 6 ATS
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Table 3 - Key performance indicators of Lombardy region breast-cancer screening program, 2016-2022, age group 45-49 years old

2016* 2017** 2018*** 2019 2020 2021 2022

Target population (n) 35,570 15,383 57,026 190,912 214,885 201,998 197,941

N. of invited subjects 7,073 971 1,201 57,852 50,731 72,956 177,646

Adjusted invitation coverage 
(%)

19.64 6.59 2.17 32.04 24.06 36.81 90.09

Examination coverage (%) 9.52 5.60 1.90 15.82 11.66 20.25 47.81

N. of screened women 3,385 861 1,082 30,199 25,060 40,896 94631

Adjusted partecipation rate 
(%)

59.6 91.1 92.9 62.5 56.3 61.6 58.7

Recall rate (%)

First screening 3.3 12.3 10.3 11.4 11.3 11.8 11.3

Subsequent 9.5 7.5 4.9 7.5 7.5 6.8 6.4

N. of screen-detected cancers 13 3 5 106 68 122 274

Detection rate (‰)

First screening 3.5 4.2 4.3 3.6 2.7 3.2 3.2

Subsequent 8.2 0 7.0 3.0 2.7 2.6 1.8

Positive predictive value (%)

First screening 10.4 3.4 4.1 3.2 2.4 2.7 2.9

Subsequent 8.7 0 14.3 4.0 3.6 3.8 2.8

*For 2016, data are available only for two ATS, ** For 2017, data are available only for 6 ATS, *** For 2018, data are available only for 4 
ATS

Figure 1 - Clusterized breast screening response rate in Lombardy region 2016-2022 (50-69 y.o. cohort)

Regional Healthcare Services (SSR) involved in 
decision policies making such as screening age range. 
Our analysis has been performed on the experience 
of Lombardy SSR between 2016 and 2022 (21). 
Lombardy is the most populated Italian region with 
close to 10 million inhabitants and with the sixth 
lowest average age close to 46 years (22).

To assess the overall effectiveness of breast cancer 

screening programmes we focused on organizational 
and clinical results, such as the ratio of invited women, 
adherence and cancer diagnosis by stage. Firstly, we 
analyzed the invited patient ratio and their adherence 
to the screening program. 

The analysis considered three population cohorts: 
45-49, 50-69 and 70-74 years. The adjusted coverage 
showed a significant difference between the cohorts, 
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which can be partly explained by the different timing 
of the screening programme introduction and partly by 
the age difference. Indeed, age is reported as a factor 
influencing adherence to cancer screening campaigns 
in the literature, with increased adherence in younger 
age groups. 

e same time, the mean responder rate of close 
to 56% emphasizes a sore point, the screening test 
refusal or hesitancy. Indeed, despite the importance 
of screening programs to cut down the breast cancer 
mortality rate, different studies all around the world 
show a lower adherence to mammography screening 
(5,23-26). It’s interesting to note that adherence 
increasing in 2021 overcoming the pre-pandemic 
level, as a response to COVID-19 and the disclosure 
about the importance of prevention.

In this context, the potential psychological impact of 
COVID-19 pandemic on public attention to preventive 
health measures may be a crucial factor in the observed 
increase in adherence to such measures. Indeed, some 
studies suggest that the pandemic has influenced the 
uptake of preventive health interventions (27-29). 
This evidence lends support to the hypothesis that 
the observed increase in adherence rates since 2021, 
which has resulted in even higher rates than during 
the pandemic period, may be attributable to a shift in 
perception towards viewing screening interventions 
as a crucial tool for protecting health.

In addition, the time-frame analysis has highlighted 
another interesting point; the COVID-19 pandemic has 
affected the screening program probably through the 
temporal disruption of the healthcare system schedule, 
but the adherence remained about the same, close to 
55%, and below the average of the European high-
income nations, even though screening age targets 
are different (30). Indeed, despite a dizzying fall of 
invitation ratio dropping from 90% to 53% which 
shows the consequence of the pandemic with the 
interruption of emergency and non-urgent paths of 
care, especially during the first month of the pandemic, 
data on temporary trend confirm a lower attention 
towards these preventive campaigns.

At the same time, in order to assess the influence of 
healthcare network and spreading among region, our 
team has performed a partition of Lombardy ATSs by 
reclassifying them into three areas based on population 
and healthcare network features. 

This study is one of the first in the literature 
to identify the influence of the territory or the 
organization of a healthcare system on patient 
adherence to a screening campaign, rather than 
socio-economic factors. Notably, a greater range 

was observed in the years 2016, 2020, and 2021. The 
observed differences in adherence rates between the 
three areas, particularly in 2016 and 2021, could be 
attributed to the transition of the regional healthcare 
system in 2015. This involved the reorganization of 
territorial prevention networks and the resumption of 
cancer screening activities following the end of the 
COVID-19 pandemic. Regarding the resumption, the 
faster rise in rates in certain territorial areas may be 
due to the presence of large centres that performed 
most screening tests before the pandemic, compared 
to areas with a dense network of providers. Many 
patients may have delayed joining the campaign due 
to difficulties or complexities in reaching the test site. 
This is because screening services have been diverted 
to large hubs to ensure the provision of basic services 
in territorial networks.

Considering the diagnostic elements, the analysis 
has highlighted two elements. The first one is, as for 
the invitation, the effect of the COVID-19 pandemic 
on cancer detection rates. The comparison between 
invitation decreases (40.98%) and cancer detection 
decreases (46.38%) shows a difference close to 5%. 
Due to our experience and several studies performed 
on different cancer screening, such as cervical cancer, 
we can  assumed that one potential explanation for this 
phenomenon is that women who adhere to a healthier 
lifestyle are also more careful about preventive health 
activities, including participation in cancer screening 
programmes (31,32). Moreover, the disruption 
of healthcare systems caused by the COVID-19 
pandemic could have exacerbated this trend.

At the same time, the loss of data from the 
aforementioned ATS, although confined to one ATS 
and therefore not involving the entire Lombardy 
region, could offer an additional partial explanation 
for the diminished detection rate that was observed 
during the course of 2022. It is important to note that, 
despite the potential repercussions of the data loss, the 
reliability of the study’s findings appears to remain 
unaffected. This observation is particularly salient 
in the context of the outcomes derived from regional 
screening initiatives. The only result of the study 
in which this issue has the potential to compromise 
the reliability pertains to the comparison between 
the countryside, the city and the mountains. This is 
due to the fact that the ATS damaged by the attack is 
predominantly present in one of these areas.

The second one is the decreased trend in benign 
neoplasms surgery, which could be partially explained 
by the advancement in diagnostic techniques and a 
change in the approach towards benign lesions (33). 
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This approach has changed radically the view of 
breast cancer interventions and increased the necessity 
of early diagnosis, underlining the importance of 
breast cancer screening. Indeed, despite a higher 
identification rate increasing the incidence of breast 
cancer, implementing organized population-based 
screening programs could lead to early detection of 
malignancy in its first stage, therefore, decreasing 
mortality as described in several studies (34-40).  

Limitations
Cancer screening is one of the most important 

instruments in preventive medicine and its importance 
is underlined by the malignancy detection rate that 
supports early operations to avoid cancer evolution 
and mortality. Despite more than 20 years of 
breast cancer screening programs, the adherence in 
Lombardy region remains low, under 60%. On this 
regard a study that tried to provide a comprehensive 
analysis on screening program data and potential 
explanation for its variation represents a cornerstone. 
The main limitation of this study is the absence of 
literature to support this reading framework about the 
psychological influence of COVID-19 on adhesion. 
The second one is the short-term follow-up based only 
on 2021 data that may not reflect a real mindset change 
but only a specific timeframe due for instance tothe 
2020 examination skipping. So, this original article 
could be considered as a first step to a more extensive 
analysis that could be considered a post-pandemic 
long-term follow-up to assess the change in breast 
screening program organization and adherence.

Conclusions

Despite the effects of the COVID-19 pandemic on 
the healthcare system and the temporary disruption of 
screening programs, screening program empowerment 
is essential to provide a widespread organization. 
The pandemic affects not only the organization and 
the functions of the healthcare systems, but also the 
adhesion: in other words, it can begin to show an 
increase compared to the pre-pandemic percentage. 

The rise of post-pandemics adherence calls 
attention to the fact that during the pandemic the 
avoidance or delay in accepting the screening practices 
is probably caused by fear or discomfort; the following 
reaction to such sentiments could be used to increase 
screening programs participation and, in a longer run, 
to radically rethink the organization. 
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Riassunto

Regione Lombardia: sette anni di screening del cancro al seno 
prima, durante e dopo la pandemia di SARS-CoV-2

Background. Il tumore mammario rappresenta la tipologia 
di neoplasia più frequente nel genere femminile responsabile di 
685.000 morti ogni anno. I programmi di screening rappresentano a 
tal proposito uno degli strumenti di intervento più efficaci in ambito 
di prevenzione neoplastica. Scopo dello studio è quindi quello di 
analizzare e descrive i key performance indicators (KPIs) dei pro-
grammi di screening lombardi dal 2016 al 2022.

Disegno dello studio. Studio descrittivo di analisi temporale.
Metodi. Sono stati analizzati i dati relativi alle campagne di scre-

ening suddivisi per singola provincia, per fascia di età convocata per 
lo screening e per anno di campagna. Per ogni campagna sono stati 
analizzati dati relativi alla popolazione soggetta a screening e dati 
relativi al tasso di cancri identificati nel corso della campagna.

Risultati. Per le tre fasce di età si può osservare una sostanziale 
sovrapposizione di tasi di chiamata e di adesione alle campagne, 
con valori stabili tra il 2016 e il 2019, seguiti da un’importante di-
minuzione nella campagna 2020 associabile all’impatto che il covid 
ha avuto sulle attività di prevenzione come campagne di screening 
oncologico. I dati del 2021 e 2022 mostrano una ripresa di adesione 
e di chiamata, in particolare nella fascia di età 45-49 anni, che mostra 
un incremento di circa il 300% del tasso di chiamata tra il 2021 e il 
2020.  Inoltre, la classificazione delle provincie in province urbane, 
montuose e rurali mostra una sovrapposizione dei tassi di adesione 
tra le tre aree nei vari anni.

Conclusioni. Nonostante l’esistenza di campagne di screening 
mammografica da oltre 20 anni i tassi di adesione in regione Lom-
bardia rimangono al di sotto degli obiettivi dello Europe’s Beating 
Cancer Plan. A tal proposito, le variazioni osservati in particolare in 
occasione della pandemia da Covid-19 e nel periodo post pandemico 
rappresentano un elemento da cui partire, ripensando l’organizzazione 
delle campagne di screening, per aumentare l’adesione ed efficacia.
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