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Simple Summary

Breast cancer is the most frequently diagnosed cancer worldwide, being the leading cause of cancer
death worldwide in women. Early diagnosis is key for improving outcomes. The aim of this study
was to assess the relevance of defining a new lower age limit for breast cancer screening, characterize
risk factors not included in the Tyrer-Cuzick™ risk assessment calculator, and explore the feasibility
of personalizing screening. We found that breast cancer incidence is similar among 40-49 vs. 50-69
year-old women, no link between the studied risk factors and breast cancer development, and that
intermediate-high Tyrer-Cuzick™ risk scores relate to breast cancer development. Thus, an earlier
start in screening alongside predictive risk models may help overcome limitations in current
screening programs.

Abstract

Background: Early diagnosis is key for improving outcomes of breast cancer cases. However,
controversy remains regarding the lower age limits and non-personalized nature of screening
programs. The main objectives of this study are to investigate the relevance of defining a new lower
age limit for breast cancer screening, characterize risk factors not included in the Tyrer-Cuzick™ risk
assessment calculator, and explore the feasibility of personalizing screening. Methods: This study is
an observational case-control. The case group included 64 women with a breast cancer diagnosis.
Breast cancer incidence by age group was obtained. Participants were characterized concerning
cancer risk factors, namely smoking habits, alcohol consumption and breastfeeding. A risk score was
attributed to each woman through the Tyrer-Cuzick™ risk model, and subsequent stratification into
several risk groups was done. Finally, the relationship between intermediate to high-risk scores and
breast cancer development was studied. Results: We found no statistically significant differences
between breast cancer incidences in women between the ages of 40 and 49 vs. 50 to 69, in the Health
Units under study. There was no statistically significant link between the studied risk factors and
breast cancer development. We observed a statistically significant relationship between intermediate
to high-risk scores and the development of breast cancer (OR 10.0 with p = 0.0009). Conclusion: These
results support screening from the age of 40 and the applicability of a patient-centered model, given
that the screening tool has high sensibility.

Keywords: breast cancer; screening; early diagnosis; risk assessment; medical oncology

1. Introduction

Breast cancer is the most frequently diagnosed cancer worldwide, with 2.3 million new cases
detected in 2020 — 11.7% of total new cancer cases [1]. It is the fifth leading cause of death worldwide,
having been responsible for 685,000 deaths in 2020 [1]. In women, it is the most common type of
cancer and the leading cause of cancer death worldwide [1]. In Portugal, breast cancer is the most
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commonly diagnosed type of cancer in women, with an incidence of around 118 per 100,000
inhabitants and a mortality rate of 18.2 per 100,000 inhabitants [2].

In the US, as in Europe, there has been an increasing trend in breast cancer incidence. This trend
reflects, on the one hand, an increase in case detection due to organized screening programs. On the
other hand, changes in lifestyle (smoking, alcohol intake, obesity and sedentarism) and in
reproductive patterns (early menarche, late menopause, advanced age at first birth, lower
breastfeeding rate, use of hormone replacement therapy during menopause, use of oral
contraceptives) constitute known risk factors for the development of breast cancer [1].

Organized screening for breast cancer has been implemented in a large number of countries
worldwide since 1990, with mammography being the most widely used diagnostic method and the
only one that showed efficacy in reducing mortality [3]. However, these programs have been the
subject of much debate. One of the points of non-consensus is the definition of the target age group
for screening, namely its lower age limit [4].

Currently, the Council of the European Union advocates breast cancer screening from the age of
50 to the age of 69, every two years. A lower age limit of 45 years and an upper age limit of 74 years
is suggested, with Portugal altering its guidelines accordingly in March 2025 [5,6].

In 2014, the Canadian National Breast Screening Study found no evidence that screening women
aged 40 to 49 had an impact on breast cancer mortality after 25 years of follow-up [6]. This study was
the first to estimate an overdiagnosis of breast cancer associated with organized annual screening
programs: 1 in every 424 women who received mammography screening, resulting in overtreatment,
consequent toxicity and treatment sequelae, compromising the patient’s quality of life and mental
health [6]. On the other hand, in 2015, the American Cancer Society modified its recommendations,
advising women to have a mammogram annually from the age of 45 [7]. In 2017, the American
College of Radiology and the Society of Breast Imaging issued new guidelines recommending that
screening begins at age 40 [8]. More recently, in 2020, the UK Age Trial reported that annual
mammography screening starting at age 40 was associated with a significant reduction in mortality
from breast cancer in the first 10 years of follow-up [9]. Other studies conducted in Canada and
Sweden also demonstrated that screening women between the ages of 40 and 49 reduced mortality
from breast cancer by 30% [10].

In fact, according to the U.S. Surveillance and Epidemiology data, about 18% of breast cancers
occur in women aged 40 to 49, with 23% occurring in women aged 50 to 59, 26% in women aged 60
to 69, and 28% in women aged 70 and older [11]. In Europe, it is estimated that 21% of breast cancer
cases occur in women under 50 years of age and 35% occur in women aged 50—64 years [12]. These
data demonstrate that there is currently no abrupt increase in the incidence of breast cancer at age 50.
Furthermore, it is important to highlight that tumors diagnosed before the age of 50 generally
progress faster, are more likely to be estrogen receptor-negative and present less favorable
histological grades, with a worse prognosis [13,14].

Considering the controversy surrounding the current screening methodologies and the growing
knowledge of the risk factors associated with breast cancer, researchers have been seeking to
individualize screening, namely with the implementation of a user-centered model [15]. Tools that
integrate clinical information relating to individual risk predictors and epidemiological
characteristics of breast cancer have been developed. The Tyrer-Cuzick™ risk assessment is one of the
most sensitive models for estimating 10-year and lifetime risk of developing breast cancer [16]. The
Tyrer-Cuzick™ score considers several risk factors, namely age, biometric data, personal and family
history of breast or ovarian cancer, previous breast biopsy results, age at menarche, age at first
pregnancy, age at menopause and history of hormone therapy use. A score of 15 to 19% indicates an
intermediate risk of developing breast cancer, while a score above 20% represents a risk considered
high [16].

This personalized approach involves assessing the individual risk of each woman, stratifying
the population into several risk groups, and adapting prevention and early detection interventions
to each of these risk groups [15]. Thus, evolving towards a user-centered model could address the
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limitations of current screening, increase the sensitivity and specificity of breast cancer screenings,
and improve the risk-benefit balance associated with screening [15,17].

Here we aimed to investigate relevance of defining a new lower age limit for breast cancer
screening, characterize risk factors not included in the Tyrer-Cuzick™ risk assessment calculator, and
explore the feasibility of personalizing screening.

2. Materials and Methods
2.1. Study Design

This is an observational case-control study, focusing on the 8560 female patients registered at
Carvalhido and Prelada Family Health Units. The case group includes female patients of the Units
with diagnosed breast cancer, according to the following criteria.

2.2. Inclusion Criteria

J Code “Malignant Neoplasm of Breast” in the records;
J Diagnosis of breast cancer between the ages of 40-49;
J Diagnosis carried out in the last 10 years.

2.3. Exclusion Criteria

J Diagnosis of breast cancer before 40 years of age or after 50 years of age;

J Malignant Neoplasm of Breast codification, without breast neoplasm;

J Genetic mutations, namely BRCA 1 and BRCA 2, already known at diagnosis;
o Death declared up to the time of data collection.

2.4. Sample Size

The control group consists of a sample of female patients of the Units without a diagnosis of
breast cancer. The sample size was calculated using the Epi info® platform, considering the total
number of female users without breast cancer registered in the participating Units. The sample
selection and recruitment was randomized, with all elements of the population having a uniform
probability of belonging to the sample. Only patients aged 40 to 59 years were considered for
randomization.

2.5. Sources of Information

We used a public business intelligence program to collect lists of users diagnosed with Breast
Cancer, a digital clinical process platform for collecting clinical data, a structured questionnaire
applied to users of the sample under study (Figure S1) and the Tyrer-Cuzick™ risk assessment model.

2.6. Data Collection

The recruitment process was conducted over a period of 3 months, starting after the approval
from the Ethics Committee of the Northern Regional Health Administration. A list of all female users
diagnosed with Malignant Breast Neoplasia was acquired, which corresponded to a sample of 228
women. After calculating the sample size and randomly selecting the two samples, the inclusion and
exclusion criteria were applied, individually consulting the digital medical records to define the case
and control groups.

The variables under study were collected by consulting the patient’s medical records, as well as
applying an electronic questionnaire completed by the patient: age, BMI, age at diagnosis, presence
of family history of breast or ovarian cancer, age at menarche, contraceptive method, age at the date
of the first pregnancy, breastfeeding, smoking and alcohol habits, physical activity and personal
history of radiotherapy treatment.
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Finally, using the data above, the individual risk of each woman was calculated by applying the
Tyrer-Cuzick™ risk assessment model, and subsequently stratifying the sample into several risk
groups depending on the resulting score.

2.7. Statistical Analysis

Data processing was performed using Microsoft Excel® 2020 and Statistical Package for Social
Science® software, version 23.0 for Windows®. For descriptive statistical analysis, absolute and
relative frequencies were calculated for qualitative variables and measures of dispersion and central
tendency (mean, standard deviation) for quantitative variables. In the inferential analysis, the
relations between the variables were studied using the Student’s t-test for continuous variables with
normal distribution, the Mann-Whitney test for continuous variables with non-normal distribution,
and the Odds Ratio for discrete variables. The tests were considered statistically significant for a
significance level (p-value) less than 0.05 and the confidence interval considered was 95%.

2.8. Ethical Considerations

The present study is in accordance with the Declaration of Helsinki. Data confidentiality was
guaranteed by researchers at all stages of the process.

Before completing the questionnaire, all users were informed about the objectives of the study
and how anonymity was guaranteed. Informed written consent was obtained in duplicate, one copy
for the researcher and another copy for the participant.

The data collected is confidential and for exclusive use for this study. To ensure data protection,
a list of users has been created which includes the National Health Service number and a sequential
identification number. Access to the database is exclusive to researchers and password protected.

The researchers ensure that the data collected in the questionnaire was only used in this research
and will not be made available to third parties, thus ensuring both the confidentiality and anonymity
of the participants.

This protocol was submitted and approved by the Coordinators of the Units where the study
was carried out.

This protocol was submitted and approved by the Ethics Committee of the Northern Regional
Health Administration (CE/2023/84).

3. Results

3.1. Group Characterization

Regarding the characterization of the two groups under study (Table 1), there is no statistically
significant difference in age (p = 0.058).

Table 1. Mean age of case and control groups.

Controls Cases
N 60 64
Mean Age (in years) 50.5 (40-59) 52.8 (36-83)

3.2. Breast Cancer Incidence by Age Group

In the overall Portuguese population (Figure 1), incidence of breast cancer increases with age
before reaching a plateau from age 45. The difference between new cases of breast cancer at the ages
of 40 to 49 and at the ages of 50 to 69 (the latter being contained in the national screening) is
statistically significant (p <0.0001). However, there is not a statistically significant difference between
the age groups of 45 to 49 and 55 to 60 (p = 0.071).
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Figure 1. Breast cancer incidence by age group in Portugal in 2019 [18].

In the Carvalhido Health Unit women (Figure 2), we observed a higher incidence in the age
groups 40-44 and 45-49 than in the 50-54, 55-59 and 65-69 year-old groups. The difference between
new cases in the 40-49 ages and in the 50-69 ages, the latter being the age range for screening, is not

statistically significant (p = 0.22).
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Figure 2. Breast cancer incidence by age group in the Carvalhido Unit.

In the Prelada Health Unit women (Figure 3), incidence in the age group 45-59 is higher than in

the 65-69 age group.

The difference between new cases in the 40-49 ages and in the 50-69 ages, the latter being the age

range for screening, is not statistically significant (p = 0.1220).
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Figure 3. Breast cancer incidence by age group in the Prelada Unit.

3.3. Risk Factors

Most of our participants do not smoke, but the proportion of smokers is higher in the case group
(Figure 4). As for alcohol, most women do not drink regularly, however all those who do belong to
the case group (Figure 5). There was no statistically significant difference in either (p = 0.87 and p =
0.47, respectively).
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Figure 4. Active smoking.
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Figure 5. Alcohol consumption.

There was a higher percentage of women who breastfed in the control group and a higher
percentage of women who did not breastfeed in the case group (Figure 6), although there was also
no evidence of statistical significance (p = 0.1183).

90% 85.71%
80%
69.70%
70%
60%
50%

40% 30.30%

30%
20% 14.29%
10%

0%

NO YES

Control B Cases
Figure 6. Proportion of women that breastfed.

3.4. Risk Score
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Regarding the risk score data (Table 2), the average 10-year risk is 3.47% in the case group and
2.55% in the control group, while the average lifetime risk is 15.68% in the case group and 11.14% in
the control group. Considering these risk scores, 32 of the individuals in the control group were
classified as baseline risk and 3 as intermediate or high risk. On the other hand, in the case group, 17
individuals were classified as baseline risk and 16 presented an intermediate or high risk (Table 3).
Thus, a statistically significant positive odds ratio (OR = 10.04, p = 0.0009) was observed between
intermediate-to-high risk scores and breast cancer.

Table 2. 10-year and lifetime risk scores.

10-year Risk Lifetime Risk
Mean Cases 3.47 15.68
Control 2.55 11.14
Maximum Cases 8.30 28.80
Control 6.30 24.90
Minimum Cases 1.60 7.00
Control 1.30 6.30
Table 3. Test performance measures.
Basal Population Risk Intermediate-High Risk
Control 32 VN 3 FP E=091
Cases 17 FN 16 VP S=0.49
NPV =0.65 PPV =0.84

E = Specificity; S = Sensitivity; NPV = Negative predictive value; PPV = Positive predictive value.

4. Discussion
4.1. Breast Cancer Incidence by Age Group

Breast cancer incidence in women aged 40 to 49 in both Health Units was equal or higher than
the incidence in women within the screening age range. In the overall Portuguese population, breast

cancer incidence increases with age before plateauing from age 45. These-data—showsno-abrupt
inerease-in-breast-cancer-ineidenceat-age50- However, in the Portuguese population, we found a

statistically significant difference between breast cancer incidence in the 40-49 and in the 50-69
groups, possibly due to reduced medical following in the national population, compared to the
patients of the Family Units. Nonetheless, we found age groups contained in the screening age range
with a similar incidence to the 45-49 group. Altogether, this evidence raises the possibility of lowering
the minimum screening age to 45, alike the new Portuguese screening program, or to 40 years, the
latter being in accordance to the American College of Radiology and the Society of Breast Imaging
and the UK Age Trial recommendations [8,9].

4.2. Risk Factors and the Tyrer-Cuzick™ Calculator

Regarding breast cancer risk factors, though the Tyrer-Cuzick™ model is currently the tool that
includes the largest number of established breast cancer risk factors [19], smoking habits, regular
alcohol consumption and breastfeeding (the latter being a known protective factor against breast
cancer [20]) are not considered in the score. We could not find a statistically significant relationship
between these risk factors and the diagnosis of breast cancer at an age of 40 to 49 years.

We also observed that the calculator presents 49% of sensibility and 91% of specificity, which
translates to a reduced number of false positives, diminishing overdiagnosis, but a large number of
false negatives, which is undesirable for a screening method.

Nonetheless, as the Tyrer-Cuzick™ risk assessment calculator does not consider important
variables such as the risk factors previously discussed, we wonder if more risk and protective factors
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linked to the development of breast cancer were added to the calculator, greater sensitivity would be
achieved. This hypothesis supports the need of further investigation in this area.

4.3. Tyrer-Cuzick™ Risk Assessment Score and Breast Cancer Development

The relationship between a high-risk score in the Tyrer-Cuzick™ model and the development of
breast cancer has been described in previous studies, in which the age range of the studied population
was either broad [21,22] or restricted to postmenopausal women [23]. Our work focuses on women
aged 40-49, and we found a statistically significant relation between an individualized risk score
considered intermediate to high at the age of 40-49 and the development of breast cancer.

These results specifically support the applicability of an individualized patient-centered model
in screening of women from the age of 40. Furthermore, the National Comprehensive Cancer
Network guidelines in the U.S. advise that women with a risk considered high should undergo breast
magnetic resonance imaging and genetic counseling [16], empathizing the importance of calculating
risk scores in our practice to adapt the course of action and improve prognosis.

4.4. Study Strengths

This study approaches a present-day theme under discussion, in light of the new
recommendations included in the European plan to combat cancer presented by the European
Commission. It is the first application of the Tyrer-Cuzick™ risk assessment calculator for individual
assessment of breast cancer in Portugal, at the time it was carried out. The results of the study may
serve as a basis for the implementation of strategies aimed at improving breast cancer screening
programs and for carrying out other larger studies. Additionally, our results may lead to potential
health gains from increased early detection of breast cancer.

4.5. Study Limitations

Our study is limited by potential biases, namely a classification bias, as some participants of the
control group may develop breast cancer before age 50, and a recall bias, as data was collected
retrospectively. Additionally, the Tyrer-Cuzick™ risk model considers variables for which
information from the user was not obtained, namely Ashkenazi progeny. However, we believe this
was mitigated by the large information regarding risk factors and family history contained in the
questionnaire. Finally, the results of the study could serve as a basis for the implementation of
strategies that may contribute to the increase in the overdiagnosis of breast cancer. However, as
previously mentioned, we observed that the calculator has a 91% specificity. Altogether, we consider
that the limitations identified do not compromise the conclusions of the study.

4.6. Future Perspectives

Considering the high breast cancer incidence before the age of 50, if these results are upheld in
larger studies, we would have support to extend screening programs to women from the age of 40
with and individualized approach.

In order to achieve this, we should focus on developing a predictive risk model that integrates
more known risk factors for breast cancer, as a high sensitivity is required in a proper screening
program.

5. Conclusions

This study observed a high breast cancer incidence in women aged 40-49 years and a statistically
significant relation between an intermediate to high Tyrer-Cuzick™ individualized risk score and the
development of breast cancer in these women. The findings of this study support the discussion on
lowering the starting age for breast cancer screening, as they suggest a relevant incidence among
younger women, being in accordance with the new Portuguese screening program. However, these
results should be interpreted with caution, as they do not in themselves provide sufficient evidence
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to justify a generalized change in screening policy without further large-scale studies and cost-
effectiveness analyses. Our obtained results also support the applicability of an individualized
patient-centered model in screening of women from the age of 40, given that the screening tool would
have high sensibility. A more individualized approach to screening could also contribute to
improving the risk-benefit balance of breast cancer screening, though risk tools currently available
should be modified in order to increase sensibility.

Until a more sensitive individualized screening tool is available, these findings support the
extension of the screening age range.

Supplementary Materials: The following supporting information can be downloaded at the website of this

paper posted on Preprints.org, Figure S1: Questionnaire template.
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