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Abstract

Background: Early diagnosis is key to improving outcomes of breast cancer cases.
However, controversy remains regarding the lower age limits and the 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 is an observational case-control
study. The case group included 64 women with a breast cancer diagnosis. Breast
cancer incidence was calculated by age group. Participants were characterized with
respect to three cancer risk factors, namely smoking habits, alcohol consumption, and
breastfeeding. A risk score was assigned to each woman through the Tyrer-Cuzick™ risk
model, and patients were subsequently stratified into several risk groups. Finally, the
relationships between intermediate to high-risk groups and breast cancer development
were studied. Results: We found no statistically significant differences between breast
cancer incidence in women aged 40 to 49 vs. 50 to 69, in the health units studied. There
was no statistically significant link between the 3 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 (odds ratio (OR) 10.0 with p =
0.0009). Conclusions: These results support initiating screening from the age of 40 and
adopting a patient-centered model, provided that a screening tool with high sensitivity
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becomes available.
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1. Introduction

Breast cancer is the most frequently diagnosed cancer world-
wide, with 2.3 million new cases in women detected in 2022
accounting for 11.6% of total new cancer cases [1]. It is
the fourth leading cause of death worldwide, having been
responsible for 665,684 deaths in 2022 [1]. In women, breast
cancer is the most common type of cancer and the leading
cause of cancer death worldwide [1]. In Portugal, breast cancer
is the most 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].

There has been an increasing trend in breast cancer incidence
in both the US and Europe. This trend reflects, on the one
hand, an increase in case detection due to organized screening
programs. On the other hand, recent lifestyle changes (includ-
ing smoking, alcohol intake, obesity, and sedentary behavior)
and in reproductive patterns (such as early menarche, late
menopause, advanced age at first birth, lower breastfeeding
rate, use of hormone replacement therapy during menopause,
and 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 has shown efficacy in reducing mortality
[3]. However, these programs have been the subject of much
debate. One of the points of debate is the definition of the target
age group for screening, namely its lower age limit [4—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.
This Canadian study was the first to estimate a breast cancer
overdiagnosis rate associated with organized annual screening
programs: one in every 424 women who received mammog-
raphy screening. This overdiagnosis results in overtreatment,
consequent toxicity, and treatment sequelae, compromising the
patient’s quality of life and mental health [7]. In parallel, in
2015, the American Cancer Society modified its recommenda-
tions, advising women to have a mammogram annually from
the age of 45, replacing a previous lower limit of 40 years old
[8]. Nevertheless, in 2020, the UK Age Trial reported that an-
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nual 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 2024, the United States Preventive Ser-
vices Task Force updated recommendations to include biennial
screening mammography for females at average risk aged 40
to 74 years, based upon a commissioned systematic review.
The American College of Radiology also encourages patients
to undergo breast cancer risk assessment by 25 years of age,
so elevated-risk patients have the opportunity to benefit from
earlier and more aggressive breast cancer screening regimens,
when appropriate [11].

Currently, the Council of the European Union recommends
breast cancer screening from the age of 50 to the age of 69,
every two years, and suggests it for women aged 45 to 74
[12]. Portugal updated its national guidelines according to the
suggested wider range in March 2025 [13].

In fact, according to the US 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
[14]. 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 [15]. 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 with less favorable histological grades, resulting in a
worse prognosis [16, 17].

Considering the controversy surrounding the current screen-
ing methodologies and the growing knowledge of the risk
factors associated with breast cancer, researchers have been
seeking to personalize screening, namely with the implemen-
tation of a user-centered model [18]. Tools that integrate
clinical information relating to individual risk predictors and
epidemiological characteristics of breast cancer have therefore
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. The Tyrer-Cuzick™ score
considers several risk factors, namely age, biometric data, per-
sonal 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 [19]. A
Tyrer-Cuzick™ calculated lifetime risk below 15% indicates
an average risk of developing breast cancer [8], while a score
above 20% is considered high risk [20].

This personalized approach involves assessing the individ-
ual risk of each woman, stratifying the population into several
risk groups, and adapting prevention and early detection in-
terventions to each of these risk groups [17]. Thus, evolving
towards a user-centered model could address the limitations
of current screening, increase the sensitivity and specificity of
breast cancer screenings, and improve the risk-benefit balance
associated with screening [17, 19].

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

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
from these Units who were diagnosed with breast cancer,
according to the following criteria.

2.2 Inclusion criteria

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

2.3 Exclusion criteria

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

» Malignant Neoplasm of Breast codification, without con-
firmed breast neoplasm;

» Known genetic mutations, namely in breast cancer genes
1 (BRCAI) and 2 (BRCA?2), at diagnosis;

* Death declared prior to the time of data collection;

* Lack of response to the questionnaire.

2.4 Sample size

The control group consists of a sample of female patients from
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
were randomized, with all elements of the population having a
uniform probability of belonging to the sample. Only patients
aged 40 to 49 years were considered for randomization. Thus,
the samples were matched by age and registration unit.

2.5 Sources of information

We used a public business intelligence program to collect lists
of users diagnosed with breast cancer and a digital clinical
process platform to collect clinical data. As both tools rely
on routinely recorded clinical information, data quality was
influenced by the completeness, accuracy, and consistency
of coding and clinical records. Verification procedures were
performed through cross-validation between both platforms,
with manual review of clinical entries to confirm diagnoses and
to detect inconsistencies, missing data, or potential miscoding.
Despite verification procedures, residual inaccuracies related
to incomplete coding or delayed data entry cannot be entirely
ruled out.

A structured questionnaire based on the Tyrer-Cuzick™ risk
assessment model (Supplementary Fig. 1) was applied to
the study participants. The only modifications to the original
Tyrer-Cuzick™ model were that our questionnaire did not in-
clude mammographic density and Ashkenazi inheritance, due
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to the low reliability of self-reported mammographic density
and because Ashkenazi Jews represent a very small proportion
of the Jewish population in Portugal. Data from the question-
naires were used in the Tyrer-Cuzick™ calculator to obtain 10-
year and lifetime risks of developing breast cancer for each
participant. Every patient who took part in the questionnaire
answered every question; therefore, there was no missing data.

2.6 Data collection

The recruitment process was conducted over a period of 3
months, from August to October 2023, after approval from
the Ethics Committee of the Northern Regional Health Ad-
ministration. A list of all female users diagnosed with Ma-
lignant Breast Neoplasia was acquired, yielding a universe of
228 women. After calculating the sample size and randomly
selecting the two samples, the inclusion and exclusion criteria
were verified for each participant by consulting digital medical
records.

The variables under study were collected by consulting
the patients’ medical records and applying the questionnaire
(Supplementary Fig. 1).

Finally, using the data above, the individual risk score of
each woman was calculated by applying the Tyrer-Cuzick™
risk assessment model, and the sample was stratified into
several risk groups according to the risk score.

2.7 Statistical analysis

Data processing was performed using Microsoft Excel® 2020
(Microsoft Corporation, Redmond, WA, USA) and Statistical
Package for Social Science®, version 23.0 (IBM Corp, Ar-
monk, NY, USA) for Windows®. In the descriptive statistical
analysis, absolute and relative frequencies were calculated
for qualitative variables, and measures of central tendency

350.00

300.00

and dispersion (mean and standard deviation) were calculated
for quantitative variables. Normality was assessed through
visual inspection of histograms. In the inferential analysis, the
relations between the variables were studied using 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
results were considered statistically significant for p-values <
0.05, and 95% confidence intervals are reported.

3. Results

3.1 Group characterization

Regarding the characterization of the two groups under study
(Table 1), there was 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 (inyr) 50.5 (40-59) 53.0 (40-83)

3.2 Breast cancer incidence by age group

In the overall Portuguese population, breast cancer incidence
increases with age and reaches a plateau from age 45 onward,
according to data from the National Oncology registry [21],
as illustrated in Fig. 1. 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 included in the national screening) was
statistically significant (p < 0.0001). However, there was no
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.



In the women from the Carvalhido Health Unit (Fig. 2), we
observed a higher breast cancer incidence in the age groups 40
to 44 and 45 to 49 than in the 50 to 54, 55 to 59, and 65 to 69
groups. The difference between new cases at the ages of 40
to 49 compared to 50 to 69, the latter being the age range for
screening, was not statistically significant (p = 0.22).

In women from the Prelada Health Unit (Fig. 3), breast
cancer incidence in the age group 45 to 59 was higher than
in the 65 to 69 age group. The difference between new cases
at the ages of 40 to 49 compared to 50 to 69, the latter being
the age range for screening, was not statistically significant (p
=0.1220).
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3.3 Risk factors

Most of our participants were non-smokers, but the proportion
of smokers was higher in the case group (Fig. 4). Regarding
alcohol consumption, most women did not drink regularly,
however all those who do belong to the case group (Fig. 5).
There was no statistically significant difference in either the
smoking or alcohol status (p = 0.87 and p = 0.47, respectively)
between the case and control groups.

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 (Fig. 6), although this
difference was also not statistically significant (p = 0.1183).
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FIGURE 2. Breast cancer incidence by age group in the Carvalhido unit.
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FIGURE 3. Breast cancer incidence by age group in the Prelada unit.
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FIGURE 6. Proportion of women who breastfed.



3.4 Risk score

Regarding the risk score data (Table 2), the average 10-year
risk was 3.47% in the case group and 2.55% in the control
group, while the average lifetime risk was 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 the development of 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

4. Discussion

4.1 Breast cancer incidence by age group

In the Family Health Units we studied, breast cancer incidence
in women aged 40 to 49 was equal to or higher than the inci-
dence in women within the screening age range. In contrast,
in the overall Portuguese population, breast cancer incidence
increases with age before plateauing from age 45, and we found
a statistically significant difference between breast cancer in-
cidence in the 40-49 and 50-69 groups. This discrepancy
can possibly be explained by reduced medical monitoring in
the general population compared to patients of the Family
Health Units. Nonetheless, we found age groups contained
within the screening age range that showed incidences similar
to the 45 to 49 group. Altogether, this evidence supports
the relevance of lowering the minimum screening age to 45,
in accordance with the new Portuguese screening program,
or to 40 years, in accordance with the American College of
Radiology, the Society of Breast Imaging, and the UK Age
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Trial recommendations [8, 11].

4.2 Risk factors and the Tyrer-Cuzick™
calculator

Regarding breast cancer risk factors, although the Tyrer-
Cuzick™ model is currently the tool that includes the largest
number of established breast cancer risk factors [22], its
score does not consider smoking habits, regular alcohol
consumption, and breastfeeding (the latter being a known
protective factor against breast cancer [23]). We studied
these three factors and did not find a statistically significant
relationship between them and the diagnosis of breast cancer
in women aged 40 to 49 years.

We also observed that the calculator presents 91% speci-
ficity and 49% sensitivity, corresponding to relatively few false
positives, thereby mitigating overdiagnosis, but frequent false
negatives.

Nonetheless, as the Tyrer-Cuzick™ risk assessment cal-
culator does not consider all breast cancer-linked variables
(e.g., the risk factors previously discussed), we hypothesize
that adding more risk and protective factors could improve
sensitivity. This hypothesis supports the need for further
investigation in this area.

4.3 Tyrer-Cuzick™ risk assessment score
and breast cancer development

As previously mentioned, the Tyrer-Cuzick™ risk assessment
is one of the most comprehensive models for estimating 10-
year and lifetime risk of developing breast cancer. In contrast
to other existing models, it considers genetic inheritance, ac-
commodating detailed family history, and therefore can be ap-
plied not only to the general population, but also to women with
a strong breast cancer family history. The risk score combines
this data with several other risk factors, namely age, biometric
data, previous breast biopsy results, age at menarche, age at
first pregnancy, age at menopause, and history of hormone
therapy use [19].

A Tyrer-Cuzick™ calculated lifetime risk of 20% or more
is considered high. This threshold is commonly used to de-
termine eligibility for supplemental screening, such as breast
magnetic resonance imaging (MRI) [20]. On the other hand, a
risk score below 15% is considered average [8].

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 [24] or restricted to
postmenopausal women [25]. Our work focuses on women
aged 40-49, where we found a statistically significant rela-

TABLE 3. Test performance measures.

Base population risk

Control 32 TN
Cases 17 FN
NPV = 0.65

Intermediate-high risk

3FP E=0.91
16 TP S=0.49
PPV =0.84

E: Specificity; S: Sensitivity; NPV: Negative predictive value; PPV: Positive predictive value; TN:
True negative; FP: False positive; FN: False negative; TP: True positive.
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tion between intermediate-to-high individualized risk scores
(>15%) and the development of breast cancer. This result
specifically supports the applicability of an individualized,
patient-centered model in screening women from the age of
40. This finding is in agreement with the US National Compre-
hensive Cancer Network guidelines, which advise that women
with a high risk undergo breast magnetic resonance imaging
and genetic counselling [20], emphasizing the importance of
calculating risk scores in clinical practice to adapt the course
of action and improve prognosis.

4.4 Study strengths

This study addresses a present-day topic under discussion, in
light of the new recommendations included in the European
plan to combat cancer presented by the European Commission.
To our knowledge, it is the first application of the Tyrer-
Cuzick™ risk assessment calculator for individual assessment
of breast cancer in Portugal. The results of the study may serve
as a basis for the implementation of strategies aimed at improv-
ing breast cancer screening programs and for conducting other
larger studies. Additionally, our findings may lead to potential
health gains through increased early detection of breast cancer.

4.5 Study limitations

Inherent to the retrospective design of our study, there is
potential for recall bias and classification bias (e.g., some
participants in the control group may develop breast cancer in
the future, before age 50). Additionally, we did not include 2
of the 25 variables that are part of the original Tyrer-Cuzick™
risk model (Ashkenazi ancestry and mammography density),
though we believe this limitation is sufficiently mitigated by
the comprehensive information on risk factors and family his-
tory contained in the questionnaire. More broadly, the results
of this study support the implementation of strategies that
could potentially contribute to overdiagnosis of breast cancer;
however, this is mitigated by the high (91%) specificity of the
Tyrer-Cuzick™ risk model. Overall, we consider that these
limitations do not compromise the conclusions of the study.

4.6 Future perspectives

Considering the high breast cancer incidence before the age
of 50, our results suggest a possible benefit from extending
screening programs to women starting at the age of 40, with an
individualized approach. Further research is needed to validate
our findings in larger-scale studies, and to develop a predictive
risk model that integrates more known risk factors for breast
cancer, as higher sensitivity is beneficial for screening pro-
grams.

5. Conclusions

In this study, we observed a high breast cancer incidence in
women aged 40—49 years and a statistically significant relation
between intermediate to high Tyrer-Cuzick™ individualized
risk scores and the development of breast cancer. Our findings
support the discussion on lowering the starting age for breast
cancer screening, as they suggest a relevant incidence among

younger women, especially considering that tumors diagnosed
before the age of 50 generally have a worse prognosis. This
change already occurred in the new Portuguese screening pro-
gram. Our results also support the applicability of an indi-
vidualized, patient-centered model for screening women from
the age of 40, provided that a high-sensitivity screening tool
becomes available. A more individualized approach to screen-
ing could improve the risk-benefit balance of breast cancer
screening, although currently available risk assessment tools
still need improvement to increase sensitivity. Given the risk
of increased overdiagnosis, our results should be interpreted
with caution and considered as a prompt for large-scale studies
and cost-effectiveness analyses, which are necessary before a
change in screening policy can be justified. Altogether, our
results may serve as a basis for larger studies, specifically
testing the link between breast cancer risk scores and breast
cancer diagnosis in women under 50. Until such investigations
are carried out and a more sensitive individualized screening
tool is available, our incidence findings support discussing the
extension of the initial screening age range to at least 45, and
possibly to 40 years of age.
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