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Background: Breast cancer is the most commonly diagnosed cancer among Finnish women and a
leading cause of cancer-related death. Survival outcomes in Finland are among the highest globally,
with five-year relative survival approaching 90%. Given the country’s universal healthcare system, this
study aimed to describe the variation in five- and ten-year relative survival from breast cancer across

the 23 welfare regions in Finland from 2000 to 2022 to identify potential regional disparities in outcomes.

Materials and Methods: We performed a nationwide registry-based cohort study by using Finnish
Cancer Registry (FCR) data for all female breast cancers diagnosed in 2000—-2022 (100,046 patients).
Five-year and ten-year survival were compared across 23 welfare regions. Relative survival ratios

(RSRs) were calculated for each region (age-standardized to adjust for age differences).

Results: Five-year RSR improved from 88% in 2000—2004 to 92% by 2015-2019, and ten-year RSR
rose from 82% in 2000-2004 to 87% in 2010-2014. Median age at diagnosis increased over time (from
around 57 years in 2000-2004 to 63 years by 2010-2014) and varied modestly between regions. The
overall median age at diagnosis was 63.4 years. In each period, a few regions had slightly lower or
higher survival than the national average, but differences were small (<10 percentage points). No region
showed a consistent survival disadvantage over time, indicating an absence of substantial regional

disparities.

Conclusion: Breast cancer survival in Finland showed no major regional gaps. All regions had
comparably high and improving 5- and 10-year survival, suggesting that breast cancer care is delivered

equitably across the country.
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1. Introduction

Breast cancer in women remains the second leading cancer worldwide, with approximately
2.3 million newly diagnosed cases in 2022. It accounts for 11.6% of all cancer diagnoses and
about 666,000 fatalities each year, representing 6.9% of all cancer deaths (Bray et al., 2024).
In Finland, breast cancer is the most common cancer, with an age-standardized incidence of
158.2 per 100,000 person-years in 2022, with 4,867 new cases reported. The 5-year relative
survival for female breast cancer patients followed up during 2020 to 2022 was 92%
(Pitkaniemi et al., 2024). By the end of 2022, there were 82,068 prevalent cases of breast
cancer among women in Finland. In a single year, female breast cancer accounted for an
estimated 16,300 years of life lost, representing the highest burden of premature mortality in

women of all cancer types (Pitkaniemi et al., 2024).

Breast cancer incidence increased in many countries due to the introduction of organized
screening programs and improvements in early detection methods (Althuis et al., 2005; Torre
et al.,, 2016). Since 1987, Finland has implemented a national breast cancer screening
program targeting women aged 50-59 years. The target population for breast cancer
screening expanded to ages 60-69 years in 2007 (Cancer Society of Finland, 2023). In
Finland, screening has led to a reduction of approximately 20% in breast cancer mortality
among individuals invited to participate, in comparison to the expected mortality in the
absence of screening (Sarkeala et al., 2008). Additionally, research indicates that breast
cancer mortality has decreased by 33% among individuals who underwent screening relative

to those who did not receive such interventions (Heindvaara et al., 2016).

Breast cancer treatment typically includes a multifaceted approach that integrates surgery,
radiation, and chemotherapy. Nowadays, various hormonal therapies, targeted therapies, and
immunotherapies are also common. (National Cancer Institute, 2021). The treatment strategy
varies between early-stage and advanced breast cancer. For early-stage breast cancer,
treatment generally includes surgery (either lumpectomy, partial, or segmental mastectomy),
often followed by radiation therapy. Systemic therapies such as chemotherapy or hormone
therapy may also be employed based on the tumor’s specific characteristics, such as hormone
receptor status and HER2 expression. The primary goal in these cases is curative, aiming to
eliminate all cancer cells and reduce the risk of recurrence. In contrast, treatment for advanced
or metastatic breast cancer, where the disease has spread beyond the breast and lymph

nodes, becomes more palliative and slows down the disease progression. Systemic therapies,
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including chemotherapy, hormone therapy, targeted therapies (e.g., HER2 inhibitors), and
immunotherapy, play a central role in managing advanced cases (Denkert et al., 2018;
Burguin, Diorio, & Durocher, 2021; Rugo et al., 2016; Prat & Baselga, 2008).

Prognostic factors influencing breast cancer survival include several elements, such as
estrogen and progesterone receptor (ER/PR) status and HER2 expression. Tumor grade,
proliferation markers such as Ki-67, histological subtype (e.g., ductal and lobular carcinoma),
and molecular subtype (e.g., triple-negative and HER2-positive) influence patient outcomes.
(Johansson et al., 2021). Additionally, tumor stage, as well as the patient’s age, overall health,

and treatment response, are important factors. (Burstein et al., 2019).

Despite advances in breast cancer detection and treatment, regional disparities in outcomes
remain evident across various countries. In high-income countries like the United States,
factors such as ethnicity and healthcare access influence survival (DeSantis et al., 2019; Yu,
2009). In Brazil, women treated in public facilities face poorer outcomes than those in private
care (Guerra et al., 2015). Similarly, Switzerland shows better survival in urban northwest
regions compared to rural eastern areas (Fisch et al., 2005). These disparities suggest that
progress in cancer care has not reached all populations equally and may reflect systemic

inequalities in healthcare access and quality.

This study will describe the regional variations in breast cancer survival between different
welfare regions that are officially known as wellbeing service counties within Finland. By
comparing these outcomes across regions, the study aims to identify any disparities.
Identifying and understanding these disparities is essential for revealing gaps in healthcare
delivery, informing strategies to enhance equity, and promoting equitable access to high-

quality breast cancer care across Finland.

Our aim was to describe the variation in the 5 and 10-year relative survival from breast cancer

between the 23 welfare regions in Finland during 2000-2022.



2. Literature Review

2.1 Global and European Trends in Breast Cancer

Breast cancer is the most frequently diagnosed cancer among women worldwide and a
leading cause of cancer mortality in women (World Health Organization, 2024). The disease
occurs in virtually every country, though its burden shows striking geographic variation
associated with economic development: in countries with a very high Human Development
Index (HDI), about 1 in 12 women will develop breast cancer in their lifetime (a high incidence),
but only 1 in 71 will die from it. In contrast, low-HDI countries see a lower incidence (~1 in 27
lifetime risk) but a higher fatality rate (1 in 48 lifetime risk) (World Health Organization, 2024).
These patterns reflect differences in the prevalence of risk factors, early detection, and access

to treatment resources across regions.

Global breast cancer incidence has been steadily increasing. A recent analysis of Global
Burden of Disease data indicated that new cases more than doubled from approximately
876,000 in 1990 to 2,002,000 in 2019. This increase corresponds to an average annual growth
in incidence of about 0.3% per year. The upward trend is driven by population aging and
lifestyle changes (e.g., later childbearing, obesity) in many countries. In contrast to incidence,
breast cancer mortality rates have either declined or grown more slowly, particularly in high-
income regions, reflecting improved survival rates. Globally, breast cancer deaths did increase
in absolute numbers from 1990 to 2019, but the mortality rate decreased by about 0.5% per
year on average (Xu et al., 2023). High-HDI countries have experienced the most significant
reductions in mortality due to improvements in early detection (e.g., mammography) and
adjuvant therapies. In lower-HDI countries, mortality declines have been more modest, and
breast cancer remains more frequently fatal, largely due to later diagnosis and limited access
to treatment (World Health Organization, 2024).

Europe has one of the highest burdens of breast cancer, with roughly 1 in 8-10 women
developing the disease in their lifetime in many countries (World Health Organization, 2024).
Incidence rates are particularly high in Northern and Western Europe, where age-standardized
rates often exceed 80—-100 per 100,000 (for example, France ~105, UK ~94) (World Cancer
Research Fund, 2023). Eastern and Central European countries historically had somewhat
lower incidence, but rates have been rising in these regions as well due to lifestyle changes
and improving detection. Despite the high incidence, Europe has achieved substantial
10



declines in breast cancer mortality since the 1990s. Advances in screening programs, the
widespread use of adjuvant systemic therapies, and better-organized care have all contributed
to improved outcomes. A study of EU countries found a marked decline in breast cancer
mortality (~15% drop) from 1988 to 1996, reflecting these improvements (Autier & Boniol,
2011).

Breast cancer in the Nordic region has a high incidence and high survival. Incidence rates
have increased in all Nordic countries over the past decades, partly due to lifestyle changes
and the introduction of screening, while mortality rates have declined or stabilized owing to
improved care (Lundberg et al., 2020; Moller et al., 2003). Notably, the Nordics were among
the first to implement nationwide mammography screening: Finland and Sweden began
organized screening programs in the 1980s, whereas Denmark and Norway followed in the
1990s. Screening participation in these countries is high (often 70—90% of target age groups)
(Hemminki & Forsti, 2022). This temporal difference impacted trends — for example, by the
late 1990s, Sweden and Finland had already seen earlier stage distributions and mortality
reductions from screening, while Denmark (a later adopter) was initially trailing in outcomes
(Jensena et al., 2003).

Finland was an early adopter of organized screening (starting in 1987 for women aged 50—
59, later extended to 50-69), and this contributed to detecting cancers at more favorable
stages. A recent global comparison noted that Finnish breast cancer patients have the third
highest survival in Europe and rank among the top 10 worldwide (Teerenhovi et al., 2021).
For instance, five-year relative survival in Finland is now around 90% (for patients diagnosed
2010-2014) (Allemani et al., 2018). According to the International Agency for Research on
Cancer (IARC), incidence in Finland has gradually risen but is in line with Nordic averages.
According to GLOBOCAN 2020, Finland’s age-standardized incidence rate for female breast
cancer was approximately 92.3 per 100,000 women, compared to about 95 in Sweden and 86
in Norway. In absolute terms, about 5,000 new breast cancer cases are diagnosed annually
in Finland in recent years (Finnish Cancer Registry, 2022). Mortality in Finland is relatively
low, with an age-standardized mortality rate of 13 per 100,000 (IARC, n.d.). The breast cancer
mortality rate has declined significantly over the past few decades; for example, in Finnish
shows a steady improvement in 5-year and 10-year survival since the 1980s, reflecting both
early detection and advances in therapy. Finland’s long-running screening program (which
achieved high coverage by the early 1990s) and comprehensive cancer care infrastructure
(regional cancer centers, uniform treatment protocols) have been credited with these favorable
outcomes (Hemminki & Forsti, 2022). Denmark historically had the highest incidence (partly
due to risk factors and initially a lack of screening) and Norway the lowest, with Finland and
11



Sweden in between (Lundberg et al., 2020). All countries have seen incidence increases, but
mortality declines due to improved therapy. A comparative Nordic study reported that breast
cancer mortality had fallen in each country despite rising incidence (Lundberg et al., 2020;
Moéller et al., 2003). Finland has slightly fewer new breast cancer cases compared to Denmark
or Sweden. This may be due to differences in lifestyle or the population’s age structure.
However, survival after breast cancer in Finland is just as good—or even better—than in those
countries (Allemani et al., 2018). The Nordic model of universal health care and cancer care
organization (including multidisciplinary teams and cancer registries capturing outcomes) has
ensured that outcome disparities within these countries are minimal compared to many other
parts of the world. Indeed, a recent Finnish study found that cancer survival variation between
different hospital regions in Finland has decreased over time, indicating improved equity in

access and quality of care across the country (Seppa, Malila, & Pitkaniemi, 2020).

2.2 Risk Factors for Breast Cancer

Breast cancer etiology is multifactorial, involving both non-modifiable and modifiable risk

determinants. A broad spectrum of risk factors includes the following:

e Advancing age: Increasing age is one of the strongest risk factors. About 80% of
breast cancer cases occur in women over 50 years old. The probability of developing
breast cancer rises from approximately 1.5% at age 40 to over 4% by age 70
(Lukasiewicz et al., 2021).

o Female sex: Being female is a near-essential risk factor, as over 99% of breast
cancers occur in women. Male breast cancer is rare (under 1% of cases), largely due

to lower lifetime exposure to estrogen and progesterone (Lukasiewicz et al., 2021).

o Family history and genetics: A positive family history, especially in a first-degree
relative, significantly elevates risk. Approximately 13—19% of patients have a first-

degree relative with breast cancer (Lukasiewicz et al., 2021). Inherited genetic
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mutations account for a subset of cases, most notably BRCA1 and BRCA2 mutations,
which confer a high lifetime risk of breast and ovarian cancer. Other moderate-risk
gene variants (e.g., CHEK2, ATM, PALB2) also contribute to familial risk. Women
carrying BRCA1/2 mutations often develop breast cancer at younger ages, and these
mutations are more frequently observed in certain populations; for example, the
BRCA1 185delAG variant is common among Ashkenazi Jewish women (Roheel et al.,
2023).

Reproductive and hormonal factors: Aspects of a woman’s reproductive history that
increase cumulative estrogen exposure are linked to higher risk. These include early
menarche (first period at a young age) and late natural menopause, which lengthen
the reproductive lifespan. Likewise, nulliparity (never having given birth) or having a
first full-term pregnancy at an older age is associated with increased risk, whereas
multiple pregnancies and longer duration of breastfeeding have a protective effect.
Pregnancy and breastfeeding alter the hormonal milieu and breast cell differentiation,
and their timing is important—for example, breast cancer risk is lower in women who
bear children at younger ages and who breastfeed longer. Exogenous hormonal
exposures also play a role: use of postmenopausal hormone replacement therapy
(especially combined estrogen-progestin therapy) is a known risk factor that slightly
raises breast cancer incidence (kukasiewicz et al., 2021). In contrast, oral
contraceptive use has a more complex and modest effect on risk, with some studies

suggesting a slight temporary increase that fades after discontinuation.

Lifestyle factors: Several modifiable lifestyle choices have been implicated in breast
cancer risk. Obesity and overweight, particularly in postmenopausal women, are well-
established risk factors—excess adipose tissue increases estrogen levels and
promotes chronic inflammation, fostering an environment conducive to breast tumor
development. Women with obesity also tend to have worse tumor biology and
outcomes, with higher risks of recurrence and mortality (Roheel et al., 2023). Physical
inactivity and sedentary behavior further contribute to weight gain and adiposity,
indirectly elevating risk. Alcohol consumption has a dose-dependent relationship with
breast cancer: even low to moderate drinking (e.g., one drink per day) is associated

with a small increase in risk, and heavier intake confers greater risk, likely through
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effects on estrogen metabolism. Cigarette smoking, while less strongly linked than
alcohol or obesity, has also been suggested to modestly increase risk, especially when
smoking begins at an early age or is long-term. In contrast, a healthy lifestyle—
including a balanced diet, regular exercise, and maintaining a healthy body weight—is

associated with a lower risk of breast cancer (Lukasiewicz et al., 2021).

 Environmental and exogenous exposures: Certain environmental exposures have
been linked to breast cancer. For instance, ionizing radiation exposure, especially at a
young age, significantly increases risk. A classic example is women who received high-
dose chest radiation (for treating conditions like Hodgkin lymphoma) in adolescence,
who face elevated breast cancer incidence later in life. Accordingly, a history of
therapeutic radiation to the breast or chest is considered a risk factor. Some studies
have also explored the role of endocrine-disrupting chemicals and other
occupational/environmental agents (such as organochlorine pesticides, polycyclic
aromatic hydrocarbons, or prolonged night-shift work affecting circadian rhythms).
Although findings are mixed, these factors are not as definitively established. A history
of proliferative benign breast disease (such as atypical hyperplasia) or high breast
tissue density on mammography is an additional risk marker. Dense breast tissue not
only raises the risk of cancer but can also mask tumors on imaging (Lukasiewicz et al.,
2021).

2.3 Prognostic Factors in Breast Cancer Outcomes

After the diagnosis of breast cancer, several tumor and patient characteristics determine
prognosis (i.e., likelihood of recurrence or death). The most important prognostic factors

include:
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Disease stage at diagnosis: This is the predominant prognostic factor. Stage is
determined by tumor size (T), lymph node involvement (N), and the presence of distant
metastases (M). Early-stage cancers (confined to the breast and possibly limited lymph
node spread) have a much better outcome than advanced stages. Five-year survival
is nearly 100% for Stage | (small, node-negative) breast cancers but drops significantly
with more advanced stages. A recent meta-analysis quantified the hazard: patients
with Stage IV (metastatic) disease had over 12 times the risk of death compared to
those with Stage |, and Stage Ill had about 3.4 times the risk, all else equal (Abdul
Rahman et al., 2024). In other words, metastasis at diagnosis is associated with a
poorer prognosis (five-year survival for de novo metastatic breast cancer is often below
30% (Malmgren et al., 2020)), whereas localized disease is highly curable. Stage
distribution differences are a major explanation for survival variation across
populations; regions with more early-stage detection (via screening or awareness)

achieve better aggregate survival.

Lymph node status: Although part of staging, the number of affected lymph nodes
remains one of the strongest independent predictors of outcome. Patients with no
positive axillary nodes have significantly higher survival than those with multiple
positive nodes. For example, a tumor <2 cm with 4+ positive nodes (Stage Il1A) carries

a worse prognosis than a larger tumor with no node involvement.

Tumor biology (molecular subtype): Breast cancer is heterogeneous. Hormone
receptor (ER/PR) status and HER2 status define subtypes that behave very differently.
Hormone receptor-positive (ER/PR+) cancers—especially if HER2-negative, often
called Luminal A subtype when low grade—tend to grow more slowly and have the
best long-term prognosis, partly because they respond well to endocrine therapies.
HER2-positive cancers were historically more aggressive, but the advent of HER2-
targeted therapies (e.g., trastuzumab) has significantly improved their prognosis.
Triple-negative breast cancers (TNBC), lacking ER, PR, and HER2, are the most
aggressive subtype with the poorest short-term prognosis, as they cannot be treated
with hormone or HER2-directed therapies and tend to have higher early recurrence
rates. For instance, in one Finnish cohort (Southwest Finland, 2005-2018), five-year

survival in early breast cancer was 88% for ER+/HER2- (luminal) tumors, 85% for
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HER2+ tumors, and only 75% for triple-negative tumors, despite all being early-stage
cases (Teerenhovi et al., 2021). Subtype is thus a critical prognostic factor guiding
therapy choices. Histological grade (how abnormal the cells look under a microscope)
is also relevant: high-grade tumors are more aggressive and often correspond to
subtypes like TNBC.

Treatment factors: The treatments received—and how soon they are delivered—
strongly influence prognosis. Timely and appropriate therapy can markedly improve
survival. Surgical removal of the tumor is fundamental in early-stage disease; patients
who do not go for surgery or radiation (when indicated) tend to have worse outcomes.
The meta-analysis noted that receiving standard surgery (mastectomy or lumpectomy
with radiation) was associated with a substantial survival benefit (Abdul Rahman et al.,
2024). Use of adjuvant systemic therapy (chemotherapy, hormone therapy, HER2-
targeted therapy) also profoundly affects prognosis. For example, among node-
positive patients, those who receive appropriate adjuvant chemotherapy have far
better survival than those who do not. Variations in treatment delivery can therefore
create outcome differences—this is not an innate patient or tumor factor but a

modifiable system factor.

Patient factors: Age at diagnosis can influence prognosis. Young women (<40) often
present with more aggressive cancers (and subtypes like TNBC) and somewhat worse
outcomes than middle-aged women, although age also predicts treatment tolerance.
Very elderly patients may have worse survival due to frailty and higher competing
mortality. Comorbid conditions are important: a high comorbidity burden (e.g., serious
heart disease, diabetes) significantly worsens overall survival and may limit treatment
options. Socioeconomic status and education have emerged as prognostic factors in
population studies: higher education and income are associated with better breast
cancer survival. This likely reflects better access to healthcare, higher health literacy,
and improved treatment adherence. For instance, a study found that lower education
level was linked to worse breast cancer-specific survival, whereas women with higher
education had a hazard ratio of ~0.72, suggesting a 28% lower risk of death compared
to less educated patients (Abdul Rahman et al., 2024). This underscores the influence

of social determinants on outcomes, even when care appears universally available.
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2.4 Treatment Options for Breast Cancer

Effective treatment of breast cancer requires a multimodal approach, typically including some

combination of surgery, radiation therapy, chemotherapy, hormonal therapy, and targeted

therapy. The exact treatment plan is personalized based on tumor characteristics (stage, size,

grade, receptor status) and patient factors (age, general health, preferences), but international

and national guidelines ensure a high degree of standardization in modern care (Cardoso et
al., 2018).

Surgery is the cornerstone for early-stage breast cancer. In Finland and across
Europe, breast-conserving surgery (BCS; lumpectomy) followed by radiotherapy is the
preferred option for most tumors up to a certain size, as it offers equivalent survival to
mastectomy when combined with radiation. Mastectomy (removal of the entire breast)
is performed if the tumor is too large relative to breast size, there are multiple tumor
foci, contraindications to radiation, or based on patient preference. Use of
reconstructive surgery has increased to improve the quality of life post-mastectomy.
Finland’s treatment guidelines, like those in other Nordic countries, mirror the
European Society for Medical Oncology (ESMO) and other international guidelines,
advocating BCS plus radiation when feasible (Cardoso et al., 2018). In practice, the
rates of BCS vary somewhat by region and country; for instance, earlier studies noted
that Italy had lower BCS rates in some southern regions, indicating that access to
radiotherapy or surgical expertise affected the choice of surgery (Minicozzi et al.,
2012). In Finland, breast surgery and radiation facilities are widely available, and BCS
rates are high (for the majority of early-stage patients) (Finnish Institute for Health and
Welfare [THL], 2023).

Radiation therapy is routinely used after BCS to eradicate residual microscopic
disease and reduce local recurrence. It is also indicated after mastectomy in cases
with large tumors or multiple positive lymph nodes. European standards ensure that

radiation oncology services are integrated into breast cancer care, and most patients
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who need radiotherapy can receive it without excessive delay. One historical disparity
(as found in Finland in the 1970s—80s) was that regions with modern radiotherapy
equipment achieved better survival, presumably by providing optimal post-operative
treatment (Karjalainen, 1990). Radiation therapy services in Finland are now widely
available through linear accelerators located in university hospitals, ensuring generally
uniform access across the country. However, patients in rural areas may still face travel

requirements to reach centralized treatment centers (THL, 2023).

Systemic therapies are critical for improving survival, particularly in preventing

metastatic recurrence. These include:

o Chemotherapy: Used in moderate to high-risk early breast cancer (especially
TNBC or HER2+ cancers, or those with lymph node spread) and in virtually all
metastatic cases wunless contraindicated. Standard regimens (e.g.,
anthracycline- and taxane-based combinations) are used across Europe.
Finland, like other EU countries, follows protocols to offer adjuvant (post-
surgery) chemotherapy to those who would benefit based on tumor stage and
subtype. Neoadjuvant (pre-surgical) chemotherapy is given for larger tumors to
shrink them or for aggressive subtypes like TNBC, to allow breast conservation
and gauge response. A recent English study highlighted that while all regions
administer chemotherapy for appropriate  TNBC patients, there were
differences in timing, with some regions experiencing longer wait times to start
adjuvant chemotherapy (Mirza et al., 2024). Delays beyond 6—-8 weeks post-
surgery have been linked to worse survival in aggressive breast cancer, so
such regional delays are important to address. In Finland, national quality
metrics monitor the timeliness of adjuvant therapy, and the system generally
performs well, though continuous monitoring is necessary to avoid regional
bottlenecks (THL, 2023).

o Endocrine (hormonal) therapy: For any hormone receptor-positive (ER+
and/or PR+) tumor, endocrine therapy is indicated for typically 5-10 years. This

includes tamoxifen (for premenopausal women or some postmenopausal) or
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aromatase inhibitors (for postmenopausal women). Finland’s pharmacies and
reimbursement system ensure these medications are accessible to all patients.
Adherence can be an issue (due to side effects), but no major regional
differences are expected in prescribing. One Italian study found overall high
usage of hormonal therapy (~80% of ER+ cases) but noted an outlier registry
with only 50% usage (Minicozzi et al., 2012). This likely reflected data
limitations or population differences. In contemporary practice, nearly all
eligible Finnish patients receive hormonal therapy, which has significantly

contributed to survival gains in ER+ disease.

Anti-HER2 targeted therapy: The introduction of trastuzumab (Herceptin) and
newer HER2-targeted agents (e.g., pertuzumab, T-DM1) revolutionized
outcomes for HER2-positive breast cancer. Trastuzumab has been standard in
adjuvant therapy in Europe since the mid-2000s. Access to these expensive
therapies can vary globally, but within Europe, countries including Finland
provide them as standard of care for HER2+ patients (THL, 2023). This has
greatly improved the prognosis of HER2+ breast cancer, closing the survival

gap that previously existed for this subtype.

New targeted therapies and immunotherapy: New classes of targeted
therapies and immunotherapies have emerged over the past decade,
significantly improving outcomes for certain breast cancer subtypes. For
example, cyclin-dependent kinase 4 and 6 (CDK4/6) inhibitors such as
palbociclib have shown substantial benefit in patients with hormone receptor-
positive (HR+), HER2-negative metastatic breast cancer (Cristofanilli et al.,
2016). Similarly, poly (ADP-ribose) polymerase (PARP) inhibitors like olaparib
are used in BRCA-mutated breast cancer patients, demonstrating improved
progression-free survival (Robson et al., 2017). In triple-negative breast cancer
(TNBC), immune checkpoint inhibitors such as atezolizumab combined with
nab-paclitaxel have shown efficacy in patients with PD-L1-positive tumors
(Schmid et al., 2018). In Finland and other high-income countries, these
innovations are gradually being incorporated into standard care pathways

following international clinical guidelines (Cardoso et al., 2018; THL, 2023).
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3. Materials and Methods

Information on all female breast cancer patients diagnosed in Finland between January 1%,
2000, and December 31%t, 2022 (100,046 patients) reported to the Finnish Cancer Registry
(FCR) was included in the analyses. The FRC has nearly 98.0% coverage for breast cancer
(Leinonen et al., 2017). The patients were followed up for death, emigration, or the end of the

year 2022, whichever came first.

Cancers registered based solely on death certificates or autopsy (373; 0.37%) and cases with

unknown municipality of residence (25; 0.02%) were excluded from the analyses.

The data obtained from the Finnish Cancer Registry (FCR) include the date of diagnosis and
cancer stage (categorized as local or non-local), and mode of detection. The cancer stage is
categorized as “local’ if the cancer is confined to the breast or regional lymph nodes, and
“non-local” if the cancer has spread beyond the local area. The mode of detection was
categorized as either screening-detected (e.g., via mammography in the national screening
program) or diagnosed by other means such as self-examination, clinical presentation, or

physician referral.

Population data were obtained from the Finnish Population Information System, maintained
by the Digital and Population Data Services Agency. Data on socioeconomic status and area

of residence were sourced from Statistics Finland.

The analyses were based on the regional division of 20 hospital districts with Aland Islands
alone an additional district. For regional analysis, data were also aggregated according to 23
welfare regions (wellbeing service counties) and 5 university hospital collaborative areas. The
patient’s hospital district was based on the place of residence at the beginning of the year of
cancer diagnosis. Aland was not included in the main analysis on the same basis as the other
regions due to its small population size, which could result in statistically unstable or imprecise

estimates

Relative survival was calculated by comparing the observed survival of breast cancer patients
to the expected survival of the general population. The Relative Survival Ratio (RSR) was
calculated to assess survival outcomes at 5- and 10-year post-diagnosis. We estimated age-
standardized 5 and 10-year relative survival based on the piecewise constant excess hazard

model. The expected hazard of death was derived from the mortality rates of the population
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of Finland stratified by sex, age, calendar year, and collaborative area for healthcare and
social welfare regions. The patient’'s age at diagnosis was categorized into three groups (0-
49, 50-70, and 70+). Age-standardized relative survival was done in five age groups (0-49,
50-59, 60-69, 70-79, 80+). We fitted a separate model for each 5-year calendar period 2000-
2004, 2005-2009, 2010-2014,2015-2019, and 2020-2022. Statistical analyses were

performed using the R programming software packages popEpi and Epi.

In Finland, ethical approval from an ethics committee is not required for registry-based studies
that utilize anonymized data, as stipulated by the Act on the Secondary Use of Health and
Social Data (552/2019).

Tumor

Age at

Stage character _ ]
_— diagnosis
istics

Welfare Breast cancer
regions deaths
(Exposure) ' (Outcome)

Figure 1: A directed acyclic graph illustrating the study question, i.e., the association between
welfare region and breast cancer survival with relation to other factors affecting breast cancer

survival. The arrows represent postulated causal effects and indicate the direction of the
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effect. Only factors affecting both the welfare region and breast cancer survival are

confounders.

This diagram illustrates the relationships between exposure (welfare regions) and outcome
(breast cancer deaths). Age at diagnosis is treated as a potential confounder, which was
adjusted for in the analysis. Stage at diagnosis, treatment, and tumor characteristics (e.g.,
hormone receptor status) are considered mediators in the causal pathway from region to
outcome and were, therefore, not adjusted for. This causal reasoning guided the analytical

approach used in this study.
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4. Results

Table 1: Numbers of deaths and breast cancer cases by calendar period and welfare

regions

Welfare regions 2000- 2005- 2010- 2015- 2020-
2004 2009 2014 2019 2022
Central Finland 158/841 214/915 217/1001 252/1201 130/677
Central Ostrobothnia | 40/227 59/227 62/264 64/306 29/141
Central Uusimaa 110/521 101/601 137/722 135/830 90/552
City of Helsinki 584/2285 517/2624 511/2859 547/2802 327/1692
East Uusimaa 67/325 73/355 71/372 74/466 60/260
Kainuu 60/211 46/274 49/334 51/297 39/189
Kanta-Hame 142/639 144/671 144/738 176/840 102/470
Kymenlaakso 161/679 1791777 163/878 183/923 104/498
Lapland 126/507 116/580 127/722 138/787 91/454
North Karelia 129/549 122/584 98/596 144/756 90/441
North Ostrobothnia 221/918 230/1078 220/1342 245/1425 128/849
North Savo 190/842 208/924 218/967 181/1196 129/721
Ostrobothnia 159/556 144/664 161/666 142/755 103/411
Pirkanmaa 398/1651 396/1897 394/2237 391/2367 275/1396
Paijat-Hame 168/759 175/792 181/962 216/1029 102/603
Satakunta 194/832 230/911 252/990 210/1145 102/666
South Karelia 104/461 106/516 128/605 131/637 76/353
South Ostrobothnia 185/768 160/821 185/862 145/914 89/563
South Savo 139/561 144/614 135/687 160/734 94/386
Southwest Finland 337/1564 382/1924 369/2193 396/2258 232/1511
Vantaa and Kerava 145/713 144/770 150/907 150/1087 110/656
West Uusimaa 267/1411 264/1524 308/1829 270/1996 232/1210
Total 4084/17820 | 4154/20043 | 4280/22733 | 4401/24751 | 2734/14699
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There was a gradual increase in the number of breast cancer deaths over time, with the largest
number of breast cancer deaths during the 2015-2019 period. The city of Helsinki had
consistently large numbers of deaths across all time periods, while the smallest numbers of

deaths were in Central Ostrobothnia.

Similarly, the total number of breast cancer cases increased during the study period. The city
of Helsinki had the largest number of cases, followed by Pirkanmaa and Southwest Finland,

and the fewest cases were in Kainuu.

Of the regions, the youngest median age at diagnosis was 57.1 years in Vantaa and Kerava
from 2000 to 2004, while the highest was 68.2 years in both Kainuu and Ostrobothnia from
2020 to 2022. The overall median age at diagnosis was 63.4 years (Appendix table 1).
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Figure 2: Five-year relative survival fraction of breast cancer by welfare regions and five-

year period
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The five-year relative survival for breast cancer improved over time, from 88.3% in 2000—-2004
t0 91.9% in 2015-2019. This upward trend was observed across all welfare regions. Although
some variation in the point estimates was present between the regions within each period, the
differences were generally small and did not follow a consistent pattern across the years.
Furthermore, the confidence intervals for most regions overlapped with the national average,
indicating that the observed differences were not statistically significant. The results indicate
that regional differences in 5-year relative survival were present but remained small and did

not show consistent disparities over time.
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Figure 3: Ten-year relative survival of breast cancer by welfare regions and five-year period
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The 10-year relative survival rate for breast cancer in Finland improved over time, increasing
from 82% in 2000-2004 to 87.1% in 2010-2014. While some regional variation in point
estimates was observed across the study periods, the confidence intervals for most welfare
regions overlap with the national average, indicating that these differences were generally not
statistically significant. In 2000—2004, Kainuu had one of the lowest estimates at about 72%,
while the national average was 82%. In 2005-2009, Satakunta had a lower estimate near
75%, and the national average rose to 85%. In the latest period (2010-2014), Central
Ostrobothnia showed a slightly lower figure again, but most regions were close to the national
average. In each time period, some regions showed point estimates that appeared slightly
higher or lower than those of others; however, these fluctuations did not follow a consistent
pattern over time. Therefore, although variation in survival estimates was present across
regions and periods, there is no strong evidence of persistent or systematic regional
differences in 10-year relative survival during the study period.
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5. Discussion

This study evaluated regional variation in 5- and 10-year relative survival rates among breast
cancer patients across Finland’s 23 welfare regions from 2000 to 2022. No maijor or consistent
disparities in survival were observed across the regions. The similar outcomes across regions
suggest that breast cancer care was comparably effective throughout the country during the
study period. In addition, survival improved over time in all the 23 welfare regions, and no
region showed signs of falling behind. This steady improvement across the country shows that

progress in breast cancer outcomes has reached people fairly in all regions.

In the earliest period (2000-2004), the lowest estimate from a region was about 83%, while
the national average was around 91%. This means that based on the data, it is unlikely that
survival rates between regions differ by more than 8 to 10 percentage points. Although a few
regions like Kainuu and Central Ostrobothnia had slightly lower estimates in some periods,

these differences were small and did not show a persistent pattern.

A similar increasing trend was found for 10-year relative survival. From 2000 to 2014, regions
like Kainuu, Satakunta, and Central Ostrobothnia showed modestly lower ten-year survival
rates in specific periods, but overall regional estimates largely aligned with national averages.
These findings suggest that large differences—greater than 10 to 12 percentage points—

between the 23 welfare regions in 10-year survival are unlikely.

This finding is both reassuring and notable in comparison to the global and Nordic contexts.
Countries such as Sweden, Norway, and Denmark—sharing similar healthcare systems and
socioeconomic characteristics with Finland—have all reported regional differences in breast
cancer survival in population-based studies. For instance, Eaker et al. (2005) reported up to
a 7% difference in 7-year relative survival among Swedish counties despite national clinical
guidelines. This disparity was largely explained by differences in diagnostic activity and
organizational effectiveness in adopting multidisciplinary care models (Eaker et al., 2005).
Similarly, Skyrud et al. (2016) showed that regional survival variation for breast cancer in
Norway persisted even after adjusting for tumor stage, socioeconomic indicators, comorbidity,
and treatment type, suggesting unexplained differences possibly related to the quality of
healthcare delivery (Skyrud et al., 2016).
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In Denmark, Gamborg et al. (2024) found that while overall cancer survival had improved
across all five regions from 2007 to 2021, the Region of Zealand consistently recorded the
lowest survival outcomes. This was despite the existence of national clinical guidelines and
universal access to care, highlighting how regional differences in hospital infrastructure or care
delivery might contribute to this variation (Gamborg et al., 2024). Another Danish study by
Jensena et al. (2003) indicated that differences in breast cancer survival across three counties
were partly attributed to the centralization of surgical treatment and the implementation of

mammography screening in Funen County, which had better outcomes than the others.

Regional differences have also been demonstrated in Switzerland, with urban areas such as
Zurich and Geneva reporting higher survival than rural cantons, a disparity attributed to
variations in access to specialized care and early detection services (Fisch et al., 2005). Italy
provides a clear example of regional variation in cancer care, with studies reporting later stage
at diagnosis and lower adherence to standard treatment in southern regions compared to the
north. These differences have been linked to persistent inequalities in access to and

availability of care (Minicozzi et al., 2012; Sant et al., 2012).

In contrast, our findings in Finland revealed little indication of regional differences uniform
situation across regions. Although participation in mammography screening is lower in
Helsinki than in some rural regions (73% vs. 85%) (Finnish Cancer Registry, 2023), this did
not result in lower survival in the Helsinki-Uusimaa region. This may suggest that factors such
as effective follow-up systems, availability of advanced treatments, and centralized oncology

services may compensate for lower screening uptake.

This study used high-quality, nationwide data from the Finnish Cancer Registry, which
includes nearly all breast cancer cases in Finland (Leinonen et al., 2017). The registry’s data
quality and coverage increase the validity of the results as indicators of survival trends and

regional differences across the country.

Although our analysis did not find major differences between regions, this does not rule out
the possibility of disparities within the regions at a more local or individual level. We had no
individual-level data and could not assess the possible contributions of socioeconomic status,
education, and comorbidity; therefore, possible variation by these factors was not observable
in our analysis. For example, a study from Norway (Nilssen et al., 2022; Olsen et al., 2022)
showed that income and distance to hospital can influence access to treatment and lead to

delays. Our study did not include individual-level data on socioeconomic status, education,
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comorbidity, or treatment details, which means some variation may not have been visible in
our regional-level analysis. We also lacked data on tumor biology (e.g., grade, HER2 or
hormone receptor status), treatment adherence, and detailed staging. These clinical factors
can affect prognosis at the individual level. However, based on our causal reasoning, we did
not consider them likely sources of systematic differences across Finland’s 23 welfare regions.
Nevertheless, the absence of marked survival disparities between regions over two decades

remains a robust finding, given the large dataset and comprehensive follow-up.
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6. Conclusion

This population-based study found no major or consistent differences in 5- and 10-year
relative survival among breast cancer patients across Finland’s 23 welfare regions between
2000 and 2022. Survival improved steadily over time in all regions, with no signs that any
region was falling behind. These findings suggest that breast cancer care—including access
to screening, diagnostics, and treatment—has been delivered equitably across the country.
Although the study lacked individual-level data on socioeconomic status and clinical
characteristics, the consistent regional patterns support the effectiveness of Finland’s national

healthcare system in promoting fairness in cancer outcomes.
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8. Appendixes

Appendix table 1: The median age at breast cancer diagnosis by collaborative area
and calendar period

Name of the welfare regions 2000- 2005- 2010- 2015- 2020-
2004 2009 2014 2019 2022
Central Finland 61.3 60.2 63.7 65.4 66.2
Central Ostrobothnia 61.5 64.1 62.9 66.9 68
Central Uusimaa 57.7 59 61.1 63.3 63.7
City of Helsinki 60.5 62.2 64.2 64.4 66.3
East Uusimaa 58.5 59 63.3 64.2 64.2
Kainuu 59.1 62 63.7 65.9 68.2
Kanta-Hame 61.2 61.4 64.4 65.6 66.6
Kymenlaakso 60.4 62.1 64.3 66.2 66.3
Lapland 58.3 60.5 62.3 64.7 65.6
North Karelia 58.5 60.3 62.1 64.4 66.6
North Ostrobothnia 58.4 59.6 62.5 64.5 66.1
North Savo 60 62.1 63.9 65.1 67.5
Ostrobothnia 60.7 63.4 64.5 65.8 68.2
Pirkanmaa 60.1 61.8 63.6 64.8 66.3
Paijat-Hame 59.5 61.6 63.7 66 68.1
Satakunta 61.5 62.4 64.1 66.8 66.2
South Karelia 59.3 62.8 63.5 65 66.6
South Ostrobothnia 61.9 61.2 63.6 65.7 66.6
South Savo 61.2 60.5 62.7 66.5 68.1
Southwest Finland 60.5 61.8 63.1 65.7 66.6
Vantaa and Kerava 57.1 58.1 62.3 63 65.2
West Uusimaa 57.9 60.1 62.3 62.4 65.3
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