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Abstract
Introduction: Cancer screening programs are pivotal in facilitating early tumor detection and reducing cancer-related
mortality. However, the reliance on individual performance indicators may not offer a fully integrated perspective of screening
effectiveness. This study aimed to develop a composite indicator that consolidates key screening metrics using Principal
Component Analysis (PCA) to derive objective weights.
Methods: Data were drawn from the annual collection of breast and colorectal cancer screening activities conducted in
2023 by the eight regional health authorities (ATSs) of Lombardy, Italy. Indicators spanning structural, organizational, clinical-
diagnostic, and impact dimensions were standardized and analyzed using PCA. The resulting factor loadings informed weights for
computing a weighted arithmetic mean of the z-scored indicators. Robustness was evaluated through sensitivity analyses
involving alternative normalization techniques. Additionally, comparisons were made against an equally weighted arithmetic
mean of the same indicators.
Results: The composite indicator identified marked geographical variations in screening performance across Lombardy’s ATSs.
Structural and organizational factors, particularly examination coverage and participation rates, exerted the greatest influence
on overall effectiveness in both breast and colorectal screening programs. In contrast, clinical-diagnostic and impact measures, as
well as invitation coverage, contributed less substantially. High correlations in the sensitivity analyses affirmed the reliability of
the proposed methodology.
Conclusions: Adopting a composite indicator can substantially improve the evaluation of cancer screening initiatives by
integrating diverse metrics into a cohesive, objective framework. In doing so, it enables more effective resource allocation,
enhances adherence strategies, and guides targeted interventions aimed at bolstering screening success.

Plain Language Summary
Why was the study done? Organized screening helps find cancers early, when treatment works best. In practice, performance is
usually judged with many separate measures—such as participation, coverage, recalls, or detection rates—making it difficult to
get a clear overall picture of how programs are doing. This study set out to create a single, easy-to-read measure that brings
those indicators together. What did the researchers do? They used 2023 data from the eight health authorities (ATS) in
Lombardy for breast and colorectal screening and combined multiple indicators into a single composite score. To decide how
much each indicator should count, they applied Principal Component Analysis (PCA), a statistical technique that assigns
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objective weights, then calculated a weighted average of the standardized indicators. They also checked that results stayed
consistent when using different, reasonable ways to prepare the data and when comparing against a simple equal-weights score.
What did the researchers find? Performance varied across areas. Organizational factors mattered most: examination coverage
and participation rates had the largest influence on the overall score. By contrast, invitation coverage and several diagnostic or
early-impact measures contributed less. The composite score was stable across sensitivity checks, indicating the method is
robust. What do the findings mean? A single composite indicator gives a clearer, more balanced view of screening performance.
It can help decision-makers identify where to focus efforts, allocate resources more effectively, and design actions to raise
participation. The approach is transferable and can be extended to other screening programs and future years to track progress
over time.
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Introduction

Cancer screening programs for the early diagnosis of breast
and colorectal cancers are a central component of the Italian
Essential Levels of Care (LEA). These programs play a pivotal
role in detecting tumors at an early stage, thereby significantly
improving the likelihood of successful treatment and
recovery.1,2 They have also been shown to reduce cancer-
related mortality,3,4 and enable a more efficient allocation of
healthcare resources.5

In Italy, the impact of organized screening programs is well
documented. For example, breast cancer screening has been
associated with up to a 25% reduction in breast cancer
mortality in regions where it is offered, accompanied by an
additional 45% reduction among women who consistently
undergo screening.6 As compared to not-yet-invited cases, the
probability of mastectomy was reduced by more than one-
third in screening detected cases at first test and almost halved
in those screening detected at subsequent tests, whereas
participation in screening in the past reduced the risk of
mastectomy by 12%.7 Equally noteworthy, colorectal cancer
screening has led to an approximately 20% reduction in
mortality in covered areas,8,9 as well as a 10-28% decline in
incidence among those who adhere to screening protocols.10

In the Lombardy Region (LR), organized cancer screening
initiatives were launched in the early 2000s and became fully
operational by 2007. These programs in Lombardy consis-
tently surpass national benchmarks, achieving an average 75%
adherence rate for mammography and exceeding 90% cov-
erage for colorectal cancer screening.11–13

To monitor cancer prevention activities, the LR defined a
set of indicators in 2014 that encompass structural and or-
ganizational elements (eg, adherence, coverage, waiting
times), clinical-diagnostic metrics (eg, recall rate, positive
predictive value), and early impact measures (eg, cancer de-
tection rate). Although each indicator offers valuable insights,
relying on them in isolation can obscure the broader view of
screening effectiveness. To address this gap, there is growing

recognition of the need to develop composite indicators that
integrate multiple metrics, delivering a clear and immediate
depiction of screening performance.

Despite the recognized value of such summarized mea-
sures, composite indicators in oncology screening are rela-
tively scarce. Notably, the new guaranteed system has
introduced the “P15 C” indicator, which enable regional-level
comparisons by averaging the participation rates in cancer
screening programs among those invited (breast, colorectal
and cervical cancer screenings).14 This underscores an
emerging trend toward more holistic approaches to perfor-
mance measurement. Another example of prioritizing per-
formance and outcome indicators for use in screening data
evaluation systems is provided by Sheridan and colleagues,15

who initially identified 58 indicators through a systematic
review and, using a Delphi process, selected a final list of
23 indicators covering 10 predefined categories for breast,
colorectal and cervical cancer screening programs. Their
findings highlighted detection rate, examination coverage, and
interval cancer rate as the most important indicators across all
types of cancer screening programs, without distinction be-
tween program types. Similarly, in the study by Muratov
et al,16 a group of expert rated and ranked a set of performance
indicators on breast cancer screening program against pre-
agreed criteria, including relevance, measurability, accuracy,
ethics, and understandability. Their aim was to identify a set of
indicators fundamental for describing the breast cancer
screening pathway, rather than to rank the indicators against
each other or to calculate an overall composite score. The final
list comprised 13 indicators covering key steps along the
screening pathway: screening coverage, participation rate,
recall rate, breast cancer detection rate, invasive breast cancer
detection rate, cancers >20 mm, cancers ≤10 mm, lymph node
status, interval cancer rate, episode sensitivity, time interval
between screening and first treatment, benign open surgical
biopsy rate, and mastectomy rate.

However, literature on composite indices calculated for
measuring the performance of cancer screening programs is
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scarce and even null. Building on this gap, the present study
proposes a novel composite indicator based on breast and
colorectal cancer screening data, integrating all stages of
cancer prevention — from structural and organizational as-
pects to diagnostic processes and outcome measures. In doing
so, the indicator supports more robust geographic comparisons
across the health authorities (ATSs) in the LR, allowing both
high- and low-performing areas to be identified swiftly. Ad-
ditionally, it isolates the specific metrics most responsible for
driving overall performance, helping decision-makers pin-
point strategic targets for improvement.

Beyond performance tracking, such a composite indicator
can serve as a strategic lever for resource optimization, im-
proved adherence strategies, and the timely identification of
critical issues requiring targeted interventions. Ultimately, by
providing a more integrated and accurate measurement of
program effectiveness, it holds the potential to bolster the
broader impact of cancer prevention efforts in LR and beyond.

Methods

The Italian and Lombardy Screening Programs

In Italy, population-based screening programs for the early
detection of breast and colorectal cancers are guaranteed to all
residents by the National Health Service and implemented by
the Regional Health Authorities, offering free-of-charge ex-
aminations to all eligible individuals in accordance with na-
tional and European quality assurance guidelines. The
National Prevention Plan 2020-202517 identifies organized
breast and colorectal cancer screening as key strategies for the
early identification and timely management of individuals at
risk. Screening performance indicators are routinely moni-
tored and used both for quality assurance and for bench-
marking the effectiveness of regional health systems within
the Network of Italian Regions.

In the Lombardy Region, located in Northern Italy and the
most populous region of the country (about 10 million in-
habitants), organized screening programs for breast and co-
lorectal cancers were progressively implemented in the early
2000s and achieved full regional coverage by 2007.

The breast cancer screening program offers biennial
mammography to women aged 50-69 years, with the upper
age limit extended to 74 years since 2017.18 In addition,
women aged 45-49 are currently invited to undergo an annual
bilateral mammography. All eligible women receive a per-
sonal invitation letter specifying the appointment time and
location at accredited radiology units. Screening mammog-
raphy consists of 2 views and independent double reading, as
recommended by the European guidelines for quality as-
surance in breast cancer screening and diagnosis.19 Women
with negative results are reinvited after 2 years, while those
with positive or uncertain findings are directly contacted by
the screening center and referred for second-level diagnostic
assessment, which may include additional mammographic

views, breast ultrasound, clinical examination, and, when
required, cytological or histological verification. Confirmed
malignant cases are referred to multidisciplinary breast units
for staging and treatment planning, whereas those with benign
findings return to the routine screening cycle.

The colorectal cancer screening program invites men and
women aged 50-74 years (initially 50-69 years) to perform a
fecal immunochemical test (FIT) every 2 years.18 Invitation
letters are mailed to all eligible residents, who can collect the
test kit at participating pharmacies or health centers. Phar-
macies assist participants with kit registration and barcode
linkage to the regional screening database, ensuring trace-
ability. The test is performed at home and returned to the
collection point within the validity period indicated in the
invitation (usually 60-90 days).

Individuals with a negative FIT result are reinvited after
2 years, whereas those with a positive result are actively
contacted and referred for a diagnostic colonoscopy at ac-
credited endoscopy units. Participants with confirmed pa-
thology (ie, adenomas, serrated lesions, or hyperplastic
polyps) are referred for specialist gastroenterology or oncol-
ogy management, whereas those with benign findings or a
negative colonoscopy result are re-invited for FIT screening
after 5 years, in accordance with the Lombardy regional
guidelines.20 Throughout the process, each ATS screening
center (Centro Screening) oversees scheduling, diagnostic
follow-up, and reintegration into the next invitation round.

Data Sources

This study describes the breast and colorectal cancer screening
activities carried out in Lombardy, as reported by the eight
ATSs through the annual survey forms submitted to the
Ministry of Health (via the National Screening Observatory –

ONS) for monitoring the Essential Levels of Care (Livelli
Essenziali di Assistenza, LEA). The eight ATSs included in
the analysis are Brescia, Brianza, Bergamo, Insubria, Milan,
Montagna, Pavia, and Val Padana, hereafter referred to as ATS
1-8 in random order for privacy reasons.

The analysis focuses on screening activities conducted in
2023. The LR authorized the ATS of Milan to use these data
for the purpose of this study. Data, owned by the LR, were
provided to the ATS of Milan in aggregated form at the ATS
level, with each indicator reported as a value for the corre-
sponding ATS. No individual-level data were accessed or
managed by the ATS of Milan. Ethical approval and informed
consent statements were not required as the data were pro-
vided, directly from the LR to the ATS of Milan, in an ag-
gregated form, ensuring no individual-level information was
included.

As the data were provided in aggregated form directly by
the LR (the data holder) to the ATS of Milan, no individual-
level information was included. According to the regulations
of the LR and in agreement with its institutional policies,
ethical approval was not required for the use of these data.
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Therefore, no submission to an ethics committee was
necessary.

Detailed information on each indicator, including
local,21,22 national12,23,24 and European benchmarks,19 cate-
gorized by screening type, can be found in the supplementary
materials (Table S1). This analysis considered indicators that
reflect the entire screening process (ie, without distinguishing
between first attendance and re-attendance). The target pop-
ulation for breast cancer screening includes women aged 50-
74, while colorectal cancer screening targets both men and
women within the same age range.

To ensure all indicators were measured on a uniform scale
and interpreted consistently, the following transformations
were applied.

· Conversion to percentages: Indicators originally ex-
pressed as rates per 1000 were converted into percentages.
· Reversed polarity adjustment: Indicators such as
“Cancer Detection Rate,” whose higher raw values would
imply poorer performance, were transformed by taking
their complementary value so that scores closer to
100 indicate optimal performance, and values approaching
0 reflect poor performance.

Indicators pertaining to waiting times were excluded, as
they mainly reflect organizational efficiency rather than the
actual quality, accuracy, or effectiveness of cancer screening
activities. In addition, adherence and coverage indicators were
adjusted to account for only those individuals who were truly
eligible, ensuring that calculations excluded people who
should not have been invited.

Finally, invitation coverage may exceed 100% if invitations
are unevenly distributed across years or when the invited
population was larger than the target group for that year.13,22

Statistical Analysis

All indicators were summarized using mean and standard
deviation. A correlation matrix was then generated to identify
any highly redundant measures (correlation >0.9), which were
excluded from further analysis.

To derive a weighting system for the composite indicator, a
Principal Component Analysis (PCA) was performed.25

PCA is a dimensionality-reduction technique that con-
solidates the original variables into principal components
(PCs) - linear combinations of the original indicators -
thereby capturing most of the dataset’s variability. Because
the selected indicators were heterogeneous, the z-score
transformation was applied to standardize them prior to
PCA. For both breast and colorectal screening, the PCs
cumulatively explaining at least 80% of the total variance
were retained, and varimax rotation was employed to fa-
cilitate interpretation.

The loadings obtained after varimax rotation were used to
establish an objective weighting scheme for each indicator,

thus reflecting their relative importance in explaining the
overall variability.26,27

Specific formulations can be found in the supplementary
materials. Finally, the composite indicator was computed as
the weighted arithmetic mean of the z-scores, leveraging these
PCA-derived weights. This approach ensures compensability
(ie, lower values in some indicators can be offset by higher
values in others), which aligns with the goal of assessing an
overall level of screening performance across different terri-
torial units.

Sensitivity Analysis

To test the robustness of this composite indicator, alternative
normalization methods—namely min-max scaling and dis-
tance from a reference (the regional mean)—were applied.
Results were also compared to a simpler composite measure
obtained by taking the arithmetic mean of the z-scores with
equal weights. Pearson correlations between the proposed
indicator and these alternatives were computed to assess
consistency.

All analyses were performed using R version 4.4.2
(2024-10-31 ucrt). In particular, the prcomp function was
used for PCA, the principal function from the psych
package for varimax rotation, and the COINr package for
both constructing the composite indicator and running the
alternative normalization procedures in the sensitivity
analysis.

Results

In 2023, a total of 877 907 women (aged 50-74) were eligible
for breast cancer screening across the LR, and 1 722 495 men
and women (aged 50-74) were eligible for colorectal cancer
screening (Table 1). Marked differences in population dis-
tribution were observed among the eight ATSs; for instance,
the ATS 8 serves only 3% of the Lombardy region’s pop-
ulation, whereas the ATS 2 covers over 30%.

Table 1. Target Population of the Eight Regional ATSs of Lombardy

ATSs

Target population

Breast Cancer
N (%)

Colorectal Cancer
N (%)

ATS 1 98 793 (11) 196 614 (11)
ATS 2 302 905 (35) 585 385 (34)
ATS 3 67 947 (8) 135 129 (8)
ATS 4 48 935 (6) 96 898 (6)
ATS 5 107 503 (12) 211 012 (12)
ATS 6 94 422 (11) 188 710 (11)
ATS 7 130 410 (15) 255 132 (15)
ATS 8 26 992 (3) 53 615 (3)
The Lombardy region 877 907 1 722 495
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Breast Cancer Screening

For breast cancer screening, 11 indicators were initially examined
(see Supplemental Materials, Table S1). The overall invitation
coverage reached a regional average of 99%, with values ranging
from 78% to 121% across ATSs, indicating substantial vari-
ability. Similarly, adherence to breast screening averaged 70%
region-wide but again showed noteworthy geographic variation.

Given the inherent heterogeneity of these indicators (Table
S1), standardization was essential prior to conducting PCA.
Specifically, “Recall Rate,” “Invasive Follow-ups,” and
“Cancer Detection Rate” required transformation by taking
their complementary values so that all indicators would share
the same direction of interpretation. Moreover, “Cancer De-
tection Rate” was converted from a rate per 1000 to a per-
centage to maintain consistency. Based on correlations (see
Table S2 in the Supplemental Materials), “Conservative
Intervention ≤2 cm,” “Cancer Detection Rate,” and “Cancer
Detection Rate ≤1 cm” were removed to mitigate redundancy.

Table 2 presents the PCA results, including the factor
loadings used to derive indicator weights for the composite
measure. “Examination Coverage” emerged as the most in-
fluential indicator, followed by “Follow-up Attendance,”
“Recall Rate,” and “Participation Rate.” In contrast, the
weights attributed to “Conservative Intervention,” “Positive
Predictive Value,” “Invasive Follow-ups,” and “Invitation
Coverage” were relatively modest.

As illustrated in Figure 1, the ATS 6 exhibited the highest
composite score for breast cancer screening activity, followed
by ATS 8 and ATS 1. Both ATS 4 and ATS 3 performed around
the regional mean, whereas ATS 5, ATS 2, and ATS 7 recorded
values below the regional average.

Colorectal Cancer Screening

For colorectal cancer screening, 19 indicators were initially
reviewed (Table S1). Invitation coverage attained a regional
average of 105%, and the participation rate stood at 47%.

Table 2. Factor Loadings and Explained Variance of the Principal Components by Screening (after Varimax Rotation). Bold values highlight
the normalized quadratic factor loadings used for constructing composite indicators

Factor loadings Normalized factor loadings

WeightsBreast cancer screening PC1 PC2 PC3 PC1 PC2 PC3

Recall rate (%) 0.84 0.14 �0.49 0.26 0.009 0.11 0.172
Follow-up attendance (%) 0.88 0.20 0.27 0.29 0.018 0.03 0.190
Conservative intervention (%) 0.16 �0.88 �0.09 0.01 0.341 0.004 0.007
Participation rate (%) 0.53 0.80 0.20 0.11 0.28 0.02 0.157
Positive predictive value (%) 0.50 0.53 �0.25 0.09 0.13 0.03 0.070
Invitation coverage (%) �0.31 �0.69 0.63 0.035 0.21 0.19 0.098
Examination coverage (%) �0.01 0.07 0.97 0.00002 0.002 0.46 0.234
Invasive follow-ups (%) �0.74 0.18 0.54 0.21 0.014 0.14 0.072
Explained variance 2.67 2.26 2.06 - -
Proportion of explained variance 0.38 0.32 0.29 - -

Factor loadings Normalized factor loadings Weights

Colorectal cancer screening PC1 PC2 PC3 PC4 PC1 PC2 PC3 PC4

Lesions treated with endoscopy: Advanced
adenoma (%)

0.8593 �0.0607 0.0277 0.0092 0.2131 0.0012 0.0003 0.0000 0.1113

Positive predictive value: Advanced adenoma (%) 0.4531 0.1648 �0.7118 0.3981 0.0593 0.0086 0.1741 0.0794 0.0309
Detection rate: initial adenoma (%) 0.8945 0.1596 0.1215 0.3912 0.2309 0.0081 0.0051 0.0767 0.1206
Invitation coverage (%) �0.6038 �0.2501 �0.2893 �0.5071 0.1053 0.0198 0.0288 0.1289 0.0094
Examination coverage (%) �0.0560 0.9400 0.0889 0.1792 0.0009 0.2796 0.0027 0.0161 0.1332
Participation rate (%) 0.3360 0.9035 0.1447 0.1633 0.0326 0.2583 0.0072 0.0134 0.1231
Colonoscopy compliance (%) �0.1444 0.7990 �0.5145 �0.1815 0.0060 0.2020 0.0910 0.0165 0.0962
Cancer detection rate (%) 0.2649 0.5601 0.4891 0.5539 0.0203 0.0993 0.0822 0.1537 0.0473
Complete colonoscopies (%) 0.3909 0.1424 0.7615 �0.1719 0.0441 0.0064 0.1993 0.0148 0.0874
Lesions treated with endoscopy (%) 0.1314 �0.0252 0.8625 0.3839 0.0050 0.0002 0.2557 0.0739 0.1122
Recall rate (%) 0.0631 0.0815 �0.0557 0.9170 0.0011 0.0021 0.0011 0.4214 0.1268
Positive predictive value (%) �0.2680 �0.5936 �0.6426 �0.0983 0.0207 0.1115 0.1419 0.0048 0.0015
Positive predictive value: Initial adenoma (%) �0.9503 �0.0970 �0.1777 0.0260 0.2607 0.0030 0.0108 0.0003 0.0001
Explained variance 3.46 3.16 2.9 1.99 - -
Proportion of explained variance 0.30 0.27 0.25 0.17 - -

PC = Principal Component.
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Although this participation rate was lower compared to breast
cancer screening, its territorial variability was somewhat less
pronounced.

As with breast cancer, certain indicators (eg, “Recall Rate,”
“Cancer Detection Rate,” “Detection rate: advanced ade-
noma,” and “Detection rate: initial adenoma”) were trans-
formed via complementary values to harmonize their polarity
with the remaining indicators. Similarly, “Lesions treated with
surgery” and “Lesions treated with surgery: advanced ade-
noma” were excluded, because they are essentially comple-
mentary to “Lesions treated with endoscopy” and “Lesions
treated with endoscopy: advanced adenoma,” respectively.

“Detection rate: advanced lesions” was also omitted, since
it represented the sum of 2 other base indicators, reducing
its unique analytical contribution. Furthermore, “Detection

rate: advanced adenoma,” “Positive Predictive Value: ad-
vanced lesions” and “Positive Predictive Value on colonos-
copy” were removed due to high intercorrelations (Table S2).

PCA revealed the need for 4 principal components to
explain at least 80% of the total variance, compared with
3 principal components for breast cancer screening. The re-
sulting weighting scheme placed highest importance on
“Examination Coverage,” followed by “Recall Rate,” “Par-
ticipation Rate,” and “Detection rate: initial adenoma.”
Meanwhile, “Positive Predictive Value: initial adenoma,”
“Positive Predictive Value,” and “Invitation Coverage” re-
ceived relatively low weights.

Figure 1 shows the geographical distribution of composite
scores for colorectal screening, which proved more variable
than that of breast cancer screening. ATS 8 led the region in

Figure 1. Comparative assessment of breast (left side of the plot) and colorectal cancer (right side of the plot) screening activity in Lombardy
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performance, followed by ATS 6 and ATS 1. ATS 7 hovered
near the regional average, whereas ATS 5 and ATS 2 fell below
it. Both ATS 3 and ATS 4 posted scores substantially lower
than the regional mean.

Sensitivity Analysis

The proposed composite indicator demonstrated a high degree
of consistency across different normalization techniques, with
correlation coefficients ranging between 0.88 and 0.98 for
breast cancer screening and between 0.93 and 0.99 for co-
lorectal cancer screening (Table S3). Likewise, comparisons
with a simple arithmetic mean of standardized indicators
(z-scores) using equal weights showed strong correlations
(0.88 for breast and 0.93 for colorectal). These findings affirm
the methodological robustness of the new composite indicator,
underscoring its reliability in capturing underlying screening
performance across diverse ATSs.

Discussion

This study introduced a composite indicator designed to
evaluate breast and colorectal cancer screening activities in the
LR. Although the individual (elementary) indicators analyzed
offer essential insights into specific facets of screening pro-
grams, there is a clear need for a more holistic measure that can
guide decision-makers in allocating resources and formulating
policies. By consolidating multiple indicators into a single
composite measure, healthcare authorities gain the ability to
quickly identify both high-performing domains and areas in
need of improvement.

A key benefit of this composite approach lies in revealing
the relative importance of various indicators, as reflected in
their PCA-derived weights. Notably, structural/organizational
and clinical-diagnostic process metrics - specifically exami-
nation coverage, participation rate, and recall rate - emerged as
the most impactful contributors to the composite score. This
highlights the strategic significance of expanding overall
coverage and ensuring robust follow-up practices, both of
which are closely tied to enhanced screening outcomes.
Conversely, indicators related to post–positive screening
pathways, though clinically vital to patient management and
outcomes, received lower weights in the composite measure.
Likewise, invitation coverage was less influential than initially
anticipated, suggesting that proactively reaching out to the
target population, while crucial, may have a smaller overall
impact on performance than ensuring that those who receive
invitations ultimately participate and complete the relevant
screening steps.

The relative importance of each indicator in the composite
score is a key concept for ATSs aiming to improve cancer
screening programs in their territories. By focusing on the
indicators assigned the highest weights and comparing each
ATS’s performance with its respective benchmark, ATSs can
more effectively target areas for improvement and enhance

overall program performance. This composite measure can
also be used for planning and resource allocation, serving as a
sentinel to identify potential issues at the level of individual
ATSs. Access to data for each specific indicator allows the
ATSs to engage in targeted discussions, improve performance
on specific aspects of their screening programs, and better
align their work objectives. Furthermore, by comparing their
performance on the most heavily weighted indicators against
benchmarks, each ATS can drive continuous improvement and
raise its standing within the composite index.

It is important to acknowledge howmethodological choices
may have shaped these findings. The exclusion of highly
correlated indicators, while necessary to prevent redundancy,
can inadvertently omit subtle but clinically meaningful di-
mensions. For example, “cancer detection rate ≤1 cm” could
shed valuable light on the success of early detection efforts; yet
it was removed to maintain statistical rigor and avoid dupli-
cation in the composite measure.

Another limitation pertains to the use of data from a single
year (2023), which restricts our ability to capture time-trends
or the whole screening round performance and may be
influenced by yearly fluctuations or unanticipated events.
Expanding this analysis to a multi-year framework would
enable researchers and policymakers to discern more stable
patterns, potentially refining the reliability and interpretability
of the composite indicator. Future work could also incorporate
cervical cancer screening data, creating a more comprehensive
measure that captures the full spectrum of organized screening
activities in Lombardy.

A particularly noteworthy finding emerged regarding the
disparities in screening uptake between densely populated
urban centers and more rural areas. This outcome aligns with
prior research from the ATS of Milan, which indicated that the
concentration and availability of radiological and endoscopic
services, as well as specialized medical consultations (eg,
gynecological or gastroenterological), can influence partici-
pation rates in urban settings.28

Such contextual factors emphasize the need for tailored
interventions, including improved access to screening facili-
ties and communication strategies adapted to diverse socio-
demographic environments.

All the eight ATSs operate under the same regional pro-
tocols and organizational standards for screening im-
plementation, ensuring uniform procedures across Lombardy.
However, contextual factors may influence service delivery.
Rural and mountainous areas, such as the ATS della Montagna
and the ATS Insubria, face logistical challenges related to
population dispersion, road infrastructure and transport ac-
cessibility, while urban areas like the ATS Città Metrpolitana
Milano are characterized by high population mobility and
turnover in healthcare registration, which may affect invitation
coverage. Benassi et al29 described similar territorial hetero-
geneities in healthcare accessibility among older adults in
Lombardy, showing that infrastructural and geographical
constraints can limit access in rural and mountainous areas.
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To reduce such barriers, since late 2025 the ATS Insubria has
introduced a mobile screening unit to improve accessibility in
peripheral and mountainous areas.30

Our work should be seen as complementary to the 1 re-
cently performed in the context of the CanScreen-ECIS
project,15 where 23 priority indicators were prioritized by
consensus by a Delphi panel involving 33 cancer screening
experts. Notably, the 2 approached converged on the relevance
given to Examination Coverage and Participation Rate.
Similarly, the new guaranteed system composite indicator,
P15C—constructed for regional-level comparisons and cal-
culated as the average of participation rates—reinforces the
relevance of target population participation in screening
programs.14

Differences in breast and colorectal cancer screening
performance across the ATS areas may be partially attributable
to gender-related disparities in participation. Comparative and
meta-analytic studies consistently report lower uptake among
men than women in fecal immunochemical test (FIT)-based
colorectal screening programs.31,32 This trend may reduce
overall performance in programs where both sexes are eligible,
in contrast to breast cancer screening, which targets only
women. However, the evidence is not entirely consistent
across different settings and study designs, with some reports
indicating minimal differences.33,34 In our context, publicly
available data from the LR reveal a persistent gap in partic-
ipation between women and men in organized colorectal
screening.35 This pattern is consistent with international
findings and supports the hypothesis that sex-related behav-
ioral factors contribute to the observed variability across the
ATS areas.

Although the number of observations in this study was
insufficient to support a robust spatial analysis, a valuable and
informative methodological extension—also for other con-
texts with larger sample sizes—would be to develop com-
posite indicators based on PCA applied to geographical data.36

The development of composite indicators has received con-
siderable attention in the literature, particularly from a policy
perspective, as such measures can facilitate the ranking of
geographical units and inform resource allocation.37,38 Within
this context, spatial PCA provides a means to explicitly in-
corporate spatial dependencies and assess the impact of spatial
scale on composite indicator construction.36

Despite these complexities, the composite indicator
demonstrated consistent performance across a range of
normalization methods, displaying high correlations even
when compared to a simpler arithmetic mean with equal
weights. This points to the robustness of the proposed
metric and underscores its utility for both intra- and inter-
regional comparisons. Moving forward, expanding data
sources, integrating more screening programs, and con-
ducting longitudinal analyses will further enhance our
understanding of how composite indicators can best inform
strategies to optimize cancer screening and ultimately
improve population health.

Conclusions

Cancer screening programs are a cornerstone of public health,
serving as a critical mechanism for both preventing and
managing cancer. In this study, we developed and validated a
composite indicator grounded in PCA to provide a more
holistic assessment of screening programs in Lombardy. By
integrating multiple metrics into a single synthetic measure,
this new tool has brought to light important geographic var-
iations in performance across the eight ATSs. Such insights are
invaluable for pinpointing areas in need of intervention,
guiding strategic investments in screening infrastructure, and
refining clinical workflows to maximize outcomes.

Beyond its immediate utility for internal benchmarking,
this composite indicator can significantly advance the plan-
ning, management, and monitoring of cancer screening pro-
grams. The ability to capture and compare multiple facets of
screening effectiveness - ranging from population coverage to
recall rates - offers decision-makers a robust framework for
targeting resources where they are most needed and for setting
evidence-based priorities. Ultimately, optimizing screening
activities contributes to lowering cancer-related mortality,
improving early detection, and enhancing the overall quality
of life for the population.

Looking ahead, broadening the scope of analysis to include
additional screening programs - such as cervical cancer
screening - and incorporating data over multiple years would
further strengthen the indicator’s applicability. This longitu-
dinal perspective would facilitate tracking trends, reveal more
stable patterns of performance, and permit nuanced evalua-
tions of how organizational or policy changes impact
screening outcomes over time. Furthermore, extending this
methodology to other Italian and European regions could
foster collaborative learning, stimulate the adoption of best
practices, and expedite the pursuit of internationally recog-
nized standards of excellence in cancer prevention and control.

In sum, this study underscores the power of composite
indicators in distilling complex data into actionable intelli-
gence. By illuminating strengths and weaknesses across dif-
ferent healthcare settings, the proposed PCA-driven approach
can play a pivotal role in shaping more effective, equitable,
and sustainable cancer screening programs in the LR and
beyond.
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