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Purpose: This study aimed to develop and validate an algorithm for identifying incident breast cancer (BC) cases
using Healthcare Utilization Databases (HUDs) and to assess BC incidence trends in the Marche Region, Italy,
from 2010 to 2021.

Methods: This population-based longitudinal study included women aged > 18 years residing in Marche. The
HUDs Algorithm was developed to identify new BC cases using hospital discharge, outpatient, and beneficiary
databases, and it was validated against the Cancer Registry by evaluating agreement, sensitivity, and positive
predictive value (PPV). Age-standardized BC incidence rates were estimated. A Poisson regression model was
used to assess trends, including comparisons between pre/post COVID-19 pandemic periods.

Results: Validation results showed a sensitivity of 81.2 % and PPV of 85.0 %. A total of 18,158 incident BC cases
were identified, with a mean incidence rate of 224.7 per 100,000 person-years (95 % CI: 221.5-228.0). No
significant increase in BC incidence was observed over time, but a marked decline occurred in 2020-2021, likely
due to COVID-19-related disruptions.

Conclusions: HUDs can be a valuable complementary data source, providing additional information useful for
timely epidemiological surveillance and supporting rapid public health responses in cases where Cancer Registry
data are delayed. Further refinements and integration with other data could enhance the accuracy of the HUDs
Algorithm.

1. Introduction This upward trend not only emphasizes the disease’s impact on in-

dividuals’ health and well-being but also highlights the growing burden

Breast cancer (BC) remains a major oncological challenge, affecting
women of all ages worldwide, with incidence rates steadily increasing
across various populations [1]. Italy counted approximately 55,900 new
diagnoses in women in 2023, and 15,500 BC-related deaths were esti-
mated in 2022 [2]. According to the Italian Association of Cancer Reg-
istries (AIRTum), BC incidence has risen by 0.3 % in recent decades [3].

* Correspondence to: Via Tronto 10/A, Ancona 60126, Italy.

on healthcare systems, especially considering that survival rates are
currently very high [2]. The downside of this high survival rate is the
high risk of recurrence: previous research highlights the long-term na-
ture of recurrence in women with breast cancer, with a 20-year recur-
rence risk ranging from 13 % to 41 %, depending on tumor size and
lymph node involvement [4,5].

E-mail addresses: a.faragalli@staff.univpm.it (A. Faragalli), m.iommi@staff.univpm.it (M. Iommi), sarti.donatella05@gmail.com (D. Sarti), peconi.chiara@gmail.
com (C. Peconi), marco.pompili@regione.marche.it (M. Pompili), e.prospero@staff.univpm.it (E. Prospero), f.carle@staff.univpm.it (F. Carle), r.gesuita@staff.

univpm.it (R. Gesuita).

1 Joint first authors: Andrea Faragalli and Marica Iommi contributed equally and share first authorship.

https://doi.org/10.1016/j.canep.2025.102906

Received 9 June 2025; Received in revised form 1 August 2025; Accepted 12 August 2025

Available online 19 August 2025

1877-7821/© 2025 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0009-0008-2087-1117
https://orcid.org/0009-0008-2087-1117
https://orcid.org/0000-0002-2387-8639
https://orcid.org/0000-0002-2387-8639
mailto:a.faragalli@staff.univpm.it
mailto:m.iommi@staff.univpm.it
mailto:sarti.donatella05@gmail.com
mailto:peconi.chiara@gmail.com
mailto:peconi.chiara@gmail.com
mailto:marco.pompili@regione.marche.it
mailto:e.prospero@staff.univpm.it
mailto:f.carle@staff.univpm.it
mailto:r.gesuita@staff.univpm.it
mailto:r.gesuita@staff.univpm.it
www.sciencedirect.com/science/journal/18777821
https://www.elsevier.com/locate/canep
https://doi.org/10.1016/j.canep.2025.102906
https://doi.org/10.1016/j.canep.2025.102906
http://crossmark.crossref.org/dialog/?doi=10.1016/j.canep.2025.102906&domain=pdf
http://creativecommons.org/licenses/by/4.0/

A. Faragalli et al.

Traditionally, cancer registries have played a crucial role in gath-
ering comprehensive, continuous, and systematic data on neoplasms,
allowing for detailed analyses of cancer incidence and prevalence,
geographic distribution, and trends over time [6-8]. However, the
labour-intensive and time-consuming processes of data collection and
verification often result in significant delays, with data becoming
available months or even years after diagnosis, diminishing the cancer
registries’ usefulness in timely cancer prevention and control efforts [9].

To overcome these limitations and enhance the responsiveness of
cancer surveillance systems, there is growing interest in leveraging
health administrative data, such as Healthcare Utilization Databases
(HUD). In recent decades, Italy’s healthcare information system has
significantly advanced its databases by improving their coverage and
accuracy [10]. Tumour registries have benefited from this digital
transformation, which has simplified the identification of new cases and
reduced dependence on manual tasks [11]. HUD data sources, including
Hospital Discharge Records and the Outpatient Care Database, offer a
more immediate view of healthcare interactions within the population,
potentially allowing for quicker identification of new cancer cases.

The objectives of this study are twofold: to develop and validate a
novel algorithm to identify new cases of BC based on Healthcare Utili-
zation Databases, by comparing it with the gold-standard represented by
the Marche Region’s Cancer Registry; and to estimate breast cancer
incidence rates and trends among women over an extended period
(2010-2021) by combining data from both the Cancer Registry and
Healthcare Utilization Databases.

2. Materials and methods
2.1. Study design and population

This is a population-based longitudinal study comprising women
aged 18 years and older, residing in the Marche Region and beneficiaries
of the National Health Service (NHS), from 2010 to 2021. Marche is a
region of Central Italy with 1498,236 inhabitants as of January the 1st,
2021, of whom 659,665 are adult women. Given that breast cancer in
males is extremely rare, we conducted the study considering only the
condition in the female population.

2.2. Data sources

The HUDs cover the entire population residing in the Marche Region
who benefit from the Regional Health Service; all residents are included
in the Regional Beneficiary database and can be traced in other HUDs if
they need healthcare.

Three HUDs of the Health Regional System were employed to
develop the identification algorithm: (1) the Regional Beneficiaries
database (RBD) provides information on the beneficiary’s date of birth,
sex, start and end dates of regional healthcare and date of death, if any;
(2) the Hospital Discharge Records (HDR) report information on
admission and discharge dates, primary diagnosis and intervention and
up to five secondary diagnoses and interventions (coded using Interna-
tional Classification of Diseases, 9th Revision, Clinical Modification,
ICD-9-CM); (3) Outpatient Care Database (OCD) which reports outpa-
tient specialistic visits and outpatient exams reimbursed by the NHS.
Such databases were established by national law for administrative and
health expenditure monitoring and control and provide useful infor-
mation on healthcare service utilization, recording all the episodes of
care for each beneficiary. Moreover, HUDs can be linked by the bene-
ficiary code as a primary key, providing real-world data that can be
analysed for epidemiological purposes [10]. This was an observational
study based on secondary sources, in which patients were not directly
involved.
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2.3. Cancer registry

The Cancer Registry of the Marche Region (CR), established by a
regional law in 2013 [12], records all new cases of cancer since January
1st, 2010, collecting information on basic demographic data (sex, age,
date and place of birth, residence), and of characteristics of the indi-
vidual tumour (site, morphology, behaviour, tumour stage, grading,
markers, receptor status, biological indicators); at the time of this
analysis (2023), the CR data were updated to 2018 (consolidated up to
2017). New cases are detected using multiple sources, including HDR,
death certificates, histological reports, and, if necessary, medical re-
cords. Data quality and completeness are assessed using the Joint
Research Centre-European Network of Cancer Registries Quality Check
Software (JRC-ENCR QCS), in line with the international standards of
cancer registration [13]. The quality indicators include: 1 % of cases
diagnosed based on death certificate only, 97 % of cases confirmed by
histological or cytological examination, and 2 % diagnosed through
clinical or instrumental methods.

2.4. Identification Algorithm for BC Cases based on HUD (HUDs
Algorithm)

The target population is represented by adult women beneficiaries
residing in the Marche Region in 2017. In the Italian healthcare context,
most newly diagnosed breast cancer cases result in hospital admission,
especially when biopsy or mastectomy are required. Therefore, hospital
discharge records represent a reliable starting point for case identifica-
tion. The identification algorithm of new cases of BC was based on HUDs
linked by a deterministic record linkage procedure and consisted in the
following steps:

1. Index Admission: identification from HDR of the cases hospitalized in
2017 with a primary or secondary diagnosis of invasive breast cancer
(ICD-9-CM: 174.0-174.9) or breast carcinoma in situ (ICD-9-CM:
233.0). If multiple hospitalizations occurred, only the first one was
considered (index admission);

2. Women beneficiaries: for each BC case identified in step 1, sex, age and
residence were determined through the linkage with RBD. Females
aged > 18 years and resident at the time of index admission were
included;

3. Diagnostic Procedures: identification of mammography, breast ultra-
sound, or breast biopsy procedures performed within twelve months
preceding the index admission from both HDR (ICD-9-CM: 87.37,
88.73, 85.11, 85.12) and OCD (Regional code: 87.37.1, 87.37.2,
88.73.1, 88.73.2, 91.46.5, 91.47.1, 85.11.0, 85.11.1);

4. Index Date: setting the index date as the date of the diagnostic pro-
cedure closest to the index admission. If no procedure was recorded,
the date of the index admission was used as the index date. The date
of the procedure closest to the index admission was selected to
improve temporal alignment between diagnostic investigation and
hospital-recorded diagnosis;

5. Exclusion Criteria: Women were excluded if they had: (a) at least one
previous hospital discharge with a diagnosis of breast cancer (ICD-9-
CM: 174.0-174.9, 233.0) in primary or secondary position between
01/01/2011 and the index date; (b) at least one hospital discharge
with a diagnosis of history of breast cancer (ICD-9-CM: V10.3) in the
period between 01/01/2011 and the index date included; (c) a
diagnosis of non-specific breast neoplasm (ICD-9-CM: 238.3, 239.3)
in the period between 01/01/2011 and the index date included; or
(d) evidence of metastatic disease at initial presentation (ICD-9-CM:
197-199) in the period between 01/01/2011 and the index date
included. These exclusions were applied to ensure accurate identi-
fication of newly diagnosed, non-metastatic breast cancer cases.
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2.5. Statistical analysis

The HUD Algorithm was validated through a comprehensive com-
parison between the cases identified by the algorithm and those recor-
ded in the Cancer Registry (CR) in 2017. To assess the algorithm’s
accuracy, the percentage of agreement (PA), the sensitivity, and positive
predictive value (PPV) were calculated, each with their 95 % confidence
intervals (95 % CI). PA was defined as the ratio of cases simultaneously
identified by both the CR and the HUD Algorithm to the total cases
identified by either the CR or the HUD Algorithm. Sensitivity was
defined as the ratio of cases identified simultaneously by both the CR
and the HUD Algorithm to the total cases identified by the CR. PPV was
defined as the ratio of cases identified simultaneously by both the CR
and the HUD Algorithm to the total cases identified by the HUD
Algorithm.

The analysis of incidence was conducted over the twelve-year period
(2010-2021), retrieving new BC cases from the Marche Region CR for
the period 2010-2017 (since CR data were consolidated up to 2017) and
through the HUD Algorithm for the period 2018-2021. The overall and
annual BC incidence rates per 100,000 person-years (py) and their 95 %
CIs were estimated by dividing the number of new cases over the total
adult female population residing in the Marche Region (source: Italian
National Statistics Institute, ISTAT, semi-sum of population present at
the beginning and end of the calendar year). Age-standardize incidence
rates are also provided using the European standard population,
considering the EU-27 +EFTA (27 countries of European Union and
European Free Trade Association) average populations based on the
2011-20 projections (data provided by Eurostat) [14], and the 2019
Global Burden Disease world female standard population (data provided
by Global Health Data Exchange) [15]. The use of both standard pop-
ulations allows for comparisons at both European and global level.

Poisson regression was used to estimate the age-adjusted incidence
trend. Observed rates for the years 2018 and 2019 were compared with
those predicted by the model based on CR data for the period

Cancer Epidemiology 98 (2025) 102906

2010-2017, in order to assess whether the incidence estimates based on
HUDs were in line with the CR period trend.

A second evaluation concerned the two years of the COVID-19
pandemic, assuming a different incidence trend conditioned by the
emergency situation. Therefore, the observed rates for the years 2020
and 2021 were compared with those predicted by the model based on
both sources for the period 2010-2019.

Finally, a sensitivity analysis was conducted to compare the inci-
dence rates across different age classes observed using only the
2010-2017 Cancer Registry data with those observed using the HUD
Algorithm for 2018-2019 (pandemic years were purposely excluded
from this analysis). The comparison was performed using the Incidence
Rate Ratio (IRR, IR2p10_2017 as reference category) and its 95 % CI to
determine whether the HUD Algorithm provided consistent estimates of
incidence rates across age groups.

All analyses were performed using the R statistical software and the
significance level was set at 5 %.

3. Results
3.1. Validation process

The identification process of the HUD algorithm in 2017 is reported
in the flow-chart in Fig. 1. Briefly, 1645 women were identified by HUDs
as being discharged for the first time with a diagnosis of breast cancer.
Of these, 68 were excluded due to a prior admission with a diagnosis of a
history of breast cancer, 23 for having a prior admission for an unspe-
cific breast cancer, and 65 for a prior admission for metastatic disease,
either in the index admission or during the period from 01/01/2011 to
the index date.

The validation was performed using data from the year 2017,
comparing the 1489 new BC cases identified by the HUD Algorithm with
the 1559 new cases reported in CR. Table 1 summarises the intersections
between the HUD Algorithm and the CR: the incident cases correctly

n = 1645

Women aged > 18 years, resident in Marche Region, with a first
hospitalized in 2017 for Invasive breast cancer (ICD-9-CM:
174.0-174.9) or Breast carcinoma in situ (ICD-9-CM: 233.0)

Excluded due to prior admission
with a diagnosis of a history of

n=1577

A4

breast cancer
(ICD-9-CM: V10.3)
(n=68)

Excluded due to diagnosis of non-
specific breast neoplasm

n=1554

(ICD-9-CM: 238.3, 239.3)
(n=23)

Excluded due to evidence of
metastatic disease at initial

.

n=1489

> presentation
(ICD-9-CM: 197,198, 199)
(n=65)

Fig. 1. Flow-chart of the identification process of the Algorithm for BC Cases based on HUD (HUDs Algorithm).
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Table 1

Comparison of incident cases (IC) of Breast Cancer identified by the algorithm
based on regional Healthcare Utilization Databases (HUDs) and the Cancer
Registry of the Marche Region (CR).

1st evaluation 2nd evaluation

IC of 2017 in the CR n = 1559 (gold

standard)

IC of 2017 identified by the HUDs Algorithm 1489 1489
(nHup)

Cases present in the CR, IC in 2017® 1252 1266

Cases present in the CR, IC in a different 122 277
year®™

IC in 2017 by the HUDs Algorithm, recorded 36 159
before 2017 by the CR

IC in 2017 by the HUDs Algorithm, recorded - 32
after 2017 by the CR

IC in 2017 by the CR, detected before 2017 by 51 51
the HUDs Algorithm

ICin 2017 by the CR, detected after 2017 by the 35 35
HUDs Algorithm

IC of 2017 in the CR, did not meet the 113 113
inclusion criteria®

IC of 2017 identified only by the HUDs 201 33*#
Algorithm@

IC of 2017 in the CR not detect by the HUDs 108 104~
Alghoritm®

Percentage of agreement (95 % CI) [100*a/ 69.7 % 70.6 %
(a+b-+c+d+e)] (67.5-71.8) (68.4-72.7)

Sensitivity (95 % CI) [100*a/n] 80.3 % 81.2%

(78.2-82.2) (79.2-83.1)

Positive Predictive Value (95 % CI) [100*a/  84.1 % 85.0 %

nxupl (82.1-85.9) (83.1-86.8)

IC: incidence cases; CR: Cancer Registry of the Marche Region; 95 %CI: 95 %
Confidence Interval;
#From 201 to 33: 14 cases confirmed as incident in 2017 by CT, 32 were inci-
dent cases of CT in the following year, 122 were relapsed cases.

" From 108 to 104: 3 non-residents at the time of diagnosis and 1 case incident
in 2002.

identified by the HUD Algorithm were 1252, yielding a percentage of
agreement (PA) of 69.7 % (95 % CI 67.5-71.8), sensitivity of 80.3 %
(95 % CI 78.2-82.2), and positive predictive value (PPV) of 84.1 %
(95 % CI 82.1-85.9). For 122 women, the year of diagnosis did not
match between the two sources. Additionally, 113 women were identi-
fied as incident cases by the CR but excluded by the HUD Algorithm
based on eligibility criteria, 108 were registered in the CR but not traced
by the algorithm, and 201 were identified exclusively by the HUD
Algorithm.

An in-depth examination of cases identified only by the HUD Algo-
rithm or only by CR was carried out. This second evaluation revealed
that among the 201 cases identified solely by the HUD Algorithm, 14
had been correctly identified and were, therefore, included in the CR as
new breast cancers in 2017; 32 were incident cases in the following year
(misclassification of the incidence date by the HUD Algorithm); 122
were cases of breast cancer relapse (misclassification of incidence cases
by the HUD Algorithm). Among the 108 cases in the CR alone, four were
not detected by the HUD Algorithm as 3 of them were non-residents at
the time of diagnosis and one was an incident case in 2002 as reported in
the CR. Considering the results of the second evaluation, the algorithm
correctly identified 1266 incident cases, resulting in a PA of 70.6 %
(95 % CI 68.4-72.7), sensitivity of 81.2 % (95 % CI 79.2-83.1), and PPV
of 85.0 % (95% CI 83.1-86.8).

For the cases present only in the CR (n = 104), it was found that in 33
cases, the hospital discharge related to the BC diagnosis had an erro-
neously compiled unique identification code, and in 22 cases, an ICD-9-
CM code different from 174.* or 233.0 was erroneously reported.
Finally, 49 women were not tracked by HUD databases because the case
was confirmed as BC by the CR only through histology or through a
death certificate.
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3.2. BC incidence rate

Between 2010 and 2021, there were 18158 new BC diagnoses in the
adult female resident population of the Marche Region, resulting in a
mean period incidence rate of 224.7 cases per 100000 person-years
(/100000 py) (95 % CI 221.5-228.0).

Table 2 shows BC incidence cases, person-years, and rates by year of
diagnosis: the highest incidence rate was observed in 2016 (239.18/
100000 py, 95 % CI 227.7-251.1) while the lowest were observed
during the two pandemic years (in 2020: 189.91,/100000 py, 95 % CI
179.6-200.7; in 2021: 210.32/100000 py, 95 % CI 199.4-221.7).

3.3. Trend analysis

The annual age-adjusted breast cancer incidence trend for
2010-2017, based on the cases recorded in the CR, was stable over time

(B = 0.002, 95%CI: — 0.006;0.009,p = 0.696).

The observed rates for the biennium 2018-2019, calculated using
cases detected by the HUDs Algorithm, did not significantly differ from
those predicted (2018: p = 0.326; 2019: p = 0.557) by the trend esti-
mation model (Fig. 2).

During the pandemic years, 2020 and 2021, the observed incidence
rates were significantly lower (Figs. 3), 189.9/100000 py (95 % CI
179.6-200.7) and 210.3/100000 py (95 % CI 199.4-221.7), respec-
tively, compared to the corresponding rates estimated by the model
based on data from 2010 to 2019, 237.7/100000 py (95 % CI
226.1-249.8) and 238.5/100000 py (95 % CI 226.8-250.6), respec-
tively (both years: p < 0.001).

3.4. Sensitivity analysis

The sensitivity analysis revealed differences in incidence rates across
different age classes according to the data source (Fig. 4). For the age
group 50-59 years (IRR=0.89, 95 % CI: 0.82-0.97) and 90 + years
(IRR=0.68, 95 % CI: 0.53-0.88) a significant underestimation in the
incidence rates by the HUDs Algorithm was observed; a significant
overestimation was observed in the age class 70-79 years (IRR=1.15,
95 % CI: 1.06-1.25); finally, the rates estimated using HUDs Algorithm
were closely aligned with those obtained by CR data in the other age
groups.

4. Discussion

This study provides a comprehensive understanding of the possibility
of using healthcare utilisation databases to assess the incidence of breast
cancer and evaluate the trend over time. HUDs are secondary data
sources that have been widely used in epidemiology for several decades
because they contain useful information for the assessment of popula-
tion health conditions [16,17]. To use HUDs in epidemiology, it is
necessary to combine information from different databases using
appropriate linking procedures, taking into account the objective, study
design, and outcome measures. In particular, when analysing epidemi-
ological measures such as incidence, look-back periods must always be
considered [18]. In our study, the linkage of data from multiple HUDs is
a winning strategy in detecting new breast cancer cases from a
well-defined and circumscribed population; we found a high probability
of being detected by the HUD algorithm when present in the CR
(sensitivity above 80 %), and a low frequency of false positives
(n = 223) with a PPV of 85 %. In addition, we found a fair degree of
agreement between the HUD Algorithm and the CR. These results are
consistent with those observed in three Italian studies based on local
HUDs: Baldi et al. [19] and Yuen et al. [20] performed a
population-based study and validated the identification process of
incident cases using their respective cancer registries; Abraha et al. [21]
conducted a multicentre study evaluating only a sample of new breast
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Table 2
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New cases of breast cancer and incidence rate per 100000 py (95 % CI) by year of diagnosis and over the entire 2010-2021 period. Cases were retrieved from Cancer
Registry between 2010 and 2017 and from Healthcare Utilization Databases between 2018 and 2021 using the identification HUDs algorithm.

Data source Year of diagnosis New cases Person-year* IR (95 % CI) SIR SIR
Europe GBD
Cancer Registry 2010 1483 678,024 218.7 (207.7-230.1) 161.4 116.0
2011 1518 679,659 223.3 (212.3-234.9) 164.3 119.4
2012 1517 680,376 223.0 (211.9-234.5) 164.1 119.9
2013 1626 680,596 238.9 (227.4-250.8) 173.2 125.9
2014 1492 679,753 219.5 (208.5-230.9) 156.2 113.0
2015 1600 677,576 236.1 (224.7-248.0) 167.2 120.3
2016 1614 674,799 239.2 (227.7-251.1) 168.5 121.6
2017 1559 672,044 232.0 (220.6-243.8) 161.4 115.8
Healthcare Utilization Databases Algorithm 2018 1540 669,534 230.0 (218.7-241.8) 159.0 1129
2019 1568 667,392 2349 (223.5-246.9) 162.3 116.3
2020 1259 662,959 189.9 (179.6-200.7) 130.1 93.0
2021 1382 657,094 210.3 (199.4-221.7) 143.8 103.9
Period 2010 - 2021 18,158 8079,803 224.7 (221.5-228.0) 159.3 114.8

" Female population > 18 years residing in the Marche Region (source: Italian National Statistics Institute, ISTAT, semi-sum of population present at the beginning
and end of the calendar year) IR: Incidence rate; 95 % CI: 95 % Confidence interval; SIR Europe: European standard population considering the EU-27 +EFTA average
populations based on the 2011-20 projections (Eurostat); SIR GBD: Global Burden Disease world female standard population (Global Health Data Exchange). All rates

are reported per 100,000 person-year

300
270
240
210
180
150
120

90 ©® Observed rates 2010-2019

Incidence rate/100 000 py

60 ® Predicted rates 2018-2019

30] === Blyi0m000 = -0.002 (95% CI -0.006; 0.009)

2010 2011 2012 2013

2014 2015 2016 2017 2018 2019

Year of diagnosis

Fig. 2. Trend analysis of breast cancer incidence rates. Circles and vertical black lines: observed rates and 95 % confidence interval (CI) per year, 2010-2019. Solid
red line: incidence trend estimated by the Poisson regression model adjusted by age classes during the period 2010-2017 (Cancer Registry data). Dotted red lines:
95 % CIs of the estimated incidence trend. Circles and vertical red lines: predicted rates for 2018-2019 estimated by the regression model. py: person-year.

cancer diagnoses and the validation process was based on medical
charts. Furthermore, in all three studies, the identification process was
based only on hospital discharge records that reported a breast cancer
code exclusively in primary diagnosis; Baldi et al. and Yuen et al. limited
the identification to women for whom a surgical procedure was simul-
taneously recorded in the same discharge record. The HUDs Algorithm
proposed here broadens this definition by selecting new cases based on
both primary and secondary diagnoses, does not limit identification to
women who have undergone surgery, and incorporates outpatient
diagnostic procedure to more accurately determine the date of breast
cancer onset.

An overall incidence rate of 224.7 per 100000 person-years was
estimated in the Marche Region between 2010 and 2021. In the two
years preceding the COVID-19 pandemic, the Marche region recorded
approximately 30 more new cases per 100000 person-years than the
estimated Italian incidence rate (232.5 vs 203.0, respectively), as re-
ported in AIRTum publications [22]. This difference is unlikely to be due
to the use of the HUD algorithm, as reported in Table 2, for estimating
breast cancer incidence, as the incidence rate based on CR data in

Marche (230.3) was also considerably higher than the national estimate
(183.6) for the period 2011-2017. This discrepancy can be partly
explained by differences in data sources. The Italian data are estimated
to provide relevant information rather than a precise number, which is
susceptible to error, as acknowledged in AIRTum publications;
conversely, the Marche Region’s registry reports data with histological
confirmation. Additionally, AIRTum data are based on accredited cancer
registries covering 70 % of the Italian population, with just one province
from the Marche Region included.

Comparing the age-standardised incidence rates (European Standard
Population) with those of Italy, Marche Region recorded a higher inci-
dence rate (164.4) than Northern Italy (161.9), Central Italy (141.7) and
Southern Italy (124.9) in the period 2010-2015 [22]. The Marche Re-
gion also recorded a higher rate than the U.S. mean age-adjusted rates of
new cases for the period 2010-2021, which was 132.6 per 100000
person-years [23].

In the two pandemic years, although an inverse result emerged, with
the Italian incidence rate higher than that of the Marche Region, 212.8
versus 200.1 respectively, the gap narrowed considerably, suggesting a
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300 == Byi0 201 = 0.001 (95% CI-0.006; 0.005)

2010 2011 2012 2013 2014

2015 2016 2017 2018 2019 2020 2021

Year of diagnosis

Fig. 3. Trend analysis of breast cancer incidence rates. Circles and vertical black lines: observed rates and 95 % confidence interval (CI) per year, 2010-2021. Solid
red line: incidence trend estimated by the Poisson regression model adjusted by age classes during the period 2010-2019 (Cancer Registry data 2010-2017, Al-
gorithm 2018-2019). Dotted red lines: 95 % CIs of the estimated incidence trend. Circles and vertical red lines: predicted rates for 2020-2021 estimated by the

regression model. py: person-year.
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possible alignment of the regional incidence with the national one.

In our study no increasing trend over the study period was detected.
This contrasts with findings from Italy [3] and worldwide [1] analyses,
though the Italian study examined an earlier decade (2003-2014) and
reported only a slight increase. In the global study, which covered a
much longer period (1990-2019), the global trend was steadily
increasing but of modest magnitude; however, the Central Europe
Estimated Annual Percentage Change indicated a significant decline
over time (-0.17, 95 % CI —0.27;-0.07).

Furthermore, during the pandemic years the observed incidence
rates were significantly lower than the rates predicted by the model
based on 2010-2019 data. This suggests that the COVID-19 pandemic
has had a substantial impact on new BC diagnoses due to the over-
whelming burden of COVID-19 pandemic on the healthcare system,
which disrupted screening programs, postponed/cancelled diagnostic

assessments [24-26]. Therefore, the observed reduction in BC incidence
rates during the pandemic is likely due to underdiagnosis rather than an
actual decrease in occurrence.

The strengths of the study include the use of the regional Cancer
Registry as the gold standard for assessing the accuracy of the HUD al-
gorithm and the inclusion of a large, unselected population covering the
entire region. However, HUDs are secondary data sources designed
primarily for administrative and cost-containment purposes rather than
epidemiological research, which may affect the quality of diagnosis
coding and lead to potential misclassification. One limitation of the HUD
algorithm is the possible misclassification of recurrent breast cancer
cases as incident cases, since our look-back period covers only the six
years preceding the index date. Additionally, disease onset may be
detected with a delay if the diagnostic assessment (i.e., mammography,
breast ultrasound, or breast biopsy procedures) is conducted in a private
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setting, and finally cases managed exclusively in outpatient settings may
be missed by the HUD algorithm, which relies on diagnoses recorded in
Hospital Discharge Records.

The HUDs algorithm allows to adequately estimate the development
of new cases of breast cancer in the general population, providing useful
epidemiological indications ready to be used in public health policies.
However, in the age group 70-79, the HUDs algorithm overestimates the
incidence rate, failing to exclude long-term recurrences. This bias can be
controlled with the availability of HUDs covering more than 20 years. In
addition, the underestimation observed in the age group 90 and over
could result from the role of death certificates used by the CR for case
identification. The integration of the HUDs with the regional mortality
registry, which is not yet active in the Marche region, could further
improve the accuracy of the HUDs algorithm.

In conclusion, by integrating healthcare utilisation databases with
cancer registry data, this study demonstrated how these methodologies
can provide a more dynamic and comprehensive approach to the timely
epidemiological monitoring of breast cancer. While cancer registries
remain the gold standard for accuracy, they typically involve delays due
to the time required for case verification and data consolidation. In
contrast, HUDs data can offer near real-time insights that are particu-
larly valuable during public health emergencies. For example, during
the COVID-19 pandemic, access to timely hospital discharge data made
it possible to rapidly assess the impact of diagnostic delays or disruptions
in care pathways, enabling quicker public health responses and more
targeted resource allocation

HUDs can be a useful surrogate for cancer registry data when timely
estimates of incidence trends or monitoring of healthcare disruptions (e.
g., during a pandemic) are needed. However, they are less suitable for
analyses requiring detailed clinical data, such as tumour staging or
molecular subtypes, where cancer registry data remain essential.
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