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Breast cancer is the leading cause of cancer deaths and the most common 
cancer in women worldwide. Most patients are postmenopausal women. 
Breast cancer in men and young women is rare, and risk factors and tumour 
biology in these patients differ from that of postmenopausal women. Breast 
cancer in young women is known to be more aggressive and survival poorer 
than in breast cancer patients in general. 
 
Several genetic risk factors of female breast cancer have been established, 
and of these, the high-penetrance mutations in BRCA1, and especially 
BRCA2, are also known susceptibility genes of male breast cancer. The 
contributing role of other breast cancer genes to the genetic background of 
male breast cancer is unclear.  
 
The aim of this work was to characterize breast cancer in Finnish men and 
young women and to report the treatment results at Helsinki University 
Hospital (HUH) of men diagnosed from 1981–2006, and young women 
diagnosed  from 1997–2007. We also screened known genetic risk variants of 
female breast cancer in Finnish male breast cancer patients to detect possible 
risk factors of male breast cancer. The genotyped patients partly included the 
same patients whose treatment results at HUH were analysed and additional 
patients from Helsinki, Oulu, Kuopio and Vaasa.  
 
In addition, we used immunohistochemistry techniques to profile further the 
breast cancer tumours of young women, especially in the triple-negative 
subgroup, to find possible prognostic biomarkers. These patients included 
partly the same patients whose treatment results at HUH were analysed and 
additional young breast cancer patients diagnosed from 1997–2007 at 
Kuopio University Hospital (KUH).  
 
We found that imaging studies were seldom used to diagnose breast cancer 
in male patients. Treatment delay was longer than in breast cancer patients 
in general, and the tumours were more often locally advanced. The five-year 
overall survival (OS) had improved from the previous report in our 
institution for 1982 from 44% to 75%. CHEK2 c.1100delC mutation was 
found in 5.9% of male breast cancer patients, and mutations were 
significantly more frequent (OR: 4.47, 95% CI 1.51–13.18, p = 0.019) amongst 
male breast cancer patients compared with population controls.  
 
In young women, an excess of adverse prognostic markers was detected: the 
tumours were more often high grade and hormone receptor-negative. The 
five-year OS of 80% was lower compared with 89% for breast cancer patients 
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in general. Breast cancer recurrences were more common in patients with 
hormone receptor-positive tumours (p = 0.001) compared with patients with 
hormone receptor-negative tumours. A total of 10% of patients with M0 
disease at diagnosis experienced a locoregional recurrence. Of these, 40% of 
the women had been treated with mastectomy, and only one (13%) had 
received postmastectomy radiation therapy (RT). 
 
AR (androgen receptor)-positive tumours in young female breast cancer 
patients were associated with a significantly shorter OS (p = 0.021) in all 
patients and in patients with triple-negative tumours (p = 0.004) and a 
shorter disease-free survival (DFS) in all patients (p = 0.021). The subgroup 
of patients with quadruple-negative (triple-negative and AR-negative) 
tumours showed a trend of having the best prognosis. 
 
In summary, the treatment results of male breast cancer had improved from 
the previous report from 1982, but treatment delay was relatively long, and 
the tumours were locally advanced more frequently than in women. 
Awareness of male breast cancer should be raised both amongst the general 
public and healthcare professionals. Our results also suggest that inclusion of 
CHEK2 c.1100delC mutation analyses as part of genetic testing of male 
breast cancer patients should be considered. 
 
Breast cancer is a heterogenous disease and today treatment is individualized 
according to molecular subtypes. The role of the androgen receptor as a 
prognostic and predictive marker remains unclear and seems to vary in 
different tumour subtypes. Our results provide insights into the prognostic 
effect of the androgen receptor, specifically in young breast cancer patients 
with triple-negative tumours. Larger studies with a longer follow-up time on 
this subject are warranted.  
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Gene names are written in italics. 
 
AI  Aromatase inhibitor 
AR  Androgen receptor 
BCS  Breast-conserving surgery 
BRCA1 Breast cancer gene 1 
BRCA2 Breast cancer gene 2 
CHEK2 Checkpoint kinase 2 
CI  Confidence interval 
DCIS  Ductal cancer in situ 
DFS  Disease-free survival 
DHT  Dihydrotestosterone 
ESMO  European Society for Medical Oncology 
ER  Estrogen receptor 
FANCM Fanconi anaemia complementation group M 
HER2  Human epidermal growth factor receptor 2 
HUH  Helsinki University Hospital 
ISH  In situ hybridization 
Ki-67  Proliferation marker protein Ki-67 
KUH  Kuopio University Hospital 
MRI  Magnetic resonance imaging 
Ns  Not significant 
OFS  Ovarian function suppression 
OR  Odds ratio 
OS  Overall survival 
PALB2 Partner and localizer of BRCA2 
PARP  Poly (ADP-ribose) polymerase 
PFS  Progression-free survival 
PR  Progesterone receptor 
QNBC  Quadruple-negative breast cancer 
RT  Radiotherapy 
SLNB  Sentinel lymph node biopsy 
TMA  Tissue multiarray 
TNBC  Triple-negative breast cancer 
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Breast cancer is the most common cancer in women in the Western world. Nearly 1.7 
million people were diagnosed with breast cancer worldwide in 20121. However, in 
men and young women, it is rare, and there have been few large randomized 
controlled trials in these subgroups. 
 
Most breast cancer patients are postmenopausal, and only 1.1% of the patients are 
younger than 35 years of age at the time of diagnosis2. Compared with older women, 
breast cancer in young women is more aggressive, leading to a poorer prognosis3,4. 
The tumours are more often hormone receptor-negative3,5–7 and of a high 
histological grade.3,6–8 Nodal involvement at the time of diagnosis and triple-negative 
breast cancer (TNBC) tumours are more common amongst young women.4 Most 
breast cancers express the androgen receptor (AR), but the clinical significance of AR 
is not clear. 
 
Male breast cancer is likewise an uncommon disease. It comprises less than 1% of all 
cancer in men, and in 2016 in Finland, 0.05 % of all breast cancer patients diagnosed 
were male.2 The biological characteristics of male breast cancer differ from breast 
cancer in women. The tumours are almost always of ductal subtype, more often 
hormone receptor-positive, and skin and nodal involvement have been reported to be 
more common than amongst women.9 In the literature, the prognosis seems to be 
similar in both genders10 according to subtype. 
 
Many of the genetic risk factors of male breast cancer and breast cancer in young 
women remain unknown. These tumours also appear to differ from breast cancers in 
postmenopausal women, with a different distribution of molecular subtypes.11 The 
treatment results of male and young breast cancer patients in recent years have not 
previously been reported in Helsinki University Hospital.  
 
The purpose of this study was to characterize breast cancer in Finnish men and 
young women and to identify potential prognostic biomarkers with 
immunohistochemistry (IHC). This study also reports the treatment results of these 
patients.  
 
The frequencies of CHEK2 mutations c.1100delC and I157T, the FANCM mutation 
p.Q1701X, the PALB2 mutation c.1592delT, the RAD51C mutations c.837+1G>A and 
c.93delG and the RAD51D mutation c.576+1G>A, known genetic risk factors for 
female breast cancer, were defined in 68 Finnish male breast cancer patients. In the 
Finnish population, these mutations explain the vast majority of all mutations 
observed in these genes. The prevalence of these mutations was compared with 
population controls to detect a possible predisposing effect.  
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Breast cancer is the most common cancer in women worldwide and the most 
common cause of female cancer mortality, with 521,907 breast cancer deaths in 
2012.12 The highest incidence rates have been reported in Northern America, 
northern and western Europe and Australia/New Zealand. In an analysis of 2012 
global incidence data, incidence rates ranged from 25.6 cases per 100,000 females in 
Thailand to 95.3 per 100,000 in the Netherlands1. Breast cancer mortality rates are 
decreasing in most Western countries in spite of rising or stable incidence rates.1 The 
incidence of breast cancers varies in different ethnic populations. In Asian women, 
the incidence of breast cancer, which has been lower than that in Western countries, 
has been on the rise for the past 40 years.13 The age-specific incidence in breast 
cancer patients in Hong Kong, Japan and Korea differs from that of Western women, 
and has been reported to peak at around 50 years of age, compared with 
approximately 70 years in the United States.14 
 
In Finland, the incidence of breast cancer in women in 2016 was 93.95/100,000 
(4,961 patients). The incidence of male breast cancer in Finland in 2016 was 
0.37/100,000 (23 patients, 0.05% of all breast cancer patients diagnosed). A total of 
319 breast cancers were diagnosed in 2013–2017 in women under 35 years of age, 
representing 1.3% of all female breast cancers diagnosed during that time period.2  

 
Breast cancer is a heterogenous disease whose aetiology is not completely 
understood. Many known risk factors in women are hormone-related: early 
menarche, use of oral contraceptives, late menopause, nulliparity, obesity, physical 
inactivity and hormone replacement therapy. Previous radiotherapy (RT) on the 
chest area and a family history of breast cancer are known to increase breast cancer 
risk. In postmenopausal women, obesity and excessive alcohol use also increase 
breast cancer risk.15–18 The risk factors of breast cancer in young women are similar 
to those for older women.  
 
Risk factors of male breast cancer remain somewhat unclear. Hormonal risk factors 
have been linked to increased risk through a high estrogen/testosterone ratio, 
obesity, physical inactivity, cirrhosis and exogenous testosterones or estrogens.19,20 
Klinefelter syndrome (47, XXY), a condition known to increase estrogen levels, is 
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associated with an elevated risk for breast cance.r21. Alcohol use may increase the 
risk.22 A family history of breast and ovarian cancer is a significant risk factor in male 
breast cancer and is found in up to 33% of male breast cancer patients. Male breast 
cancer patients are older, 60–65 years of age at the time of diagnosis, than female 
patients,9 and the median age at diagnosis in men is 68 years vs. 62 years in 
women.23  

 
The human breast consists of glandular, fatty and fibrous tissue. Lobules, mainly 
responsible for milk production, and ducts, through which milk passes to the nipple, 
form the glandular tissue. Ductal carcinoma in situ (DCIS) is a neoplastic 
proliferation of epithelial cells confined to the mammary ductal-lobular system. It is 
not capable of invasion, but it is characterized by subtle to marked cytological atypia 
and may progress to invasive breast cancer. Invasive breast carcinoma of no special 
type (ductal carcinoma) represents 40–75% of all invasive breast cancers.24  
 
Lobular breast carcinoma comprises 5–15% of invasive breast tumours. It is usually 
associated with lobular carcinoma in situ (LCIS), which is not capable of invasion but 
is a risk factor of lifetime risk of invasive breast cancer. Low expression of epithelial 
cadherin (E-cadherin), a member of the cadherin family of cell adhesion molecules, 
is characteristic of lobular breast cancer, and loss of E-cadherin is known to play an 
important role in the development of the invasive capacity of breast cancer. Less 
common histologic types of breast cancer include tubular (2% of invasive breast 
cancers), cribriform (0.3–0.8% of invasive breast cancers) and carcinoma with 
medullary features, which includes medullary carcinomas, atypical medullary 
carcinoma and a subset of invasive carcinomas of no special type. Classic medullary 
carcinoma comprises less than 1% of invasive breast carcinomas, and 26% are 
diagnosed at <35 years.24  
 
Breast cancer in young women is more often hormone receptor-negative3,5–7 and 
high grade3,6,7 than in older women. Lymph node metastases at the time of diagnosis 
and TNBC are more common.4,8 
 
Differing from breast cancer in women, breast cancer tumours in men are nearly 
always ductal, and skin and nodal involvement are more frequent than in women.9 
Most male breast cancer tumours are estrogen receptor (ER)-positive.11 The most 
common subtype is luminal10. Compared with women, human epidermal growth 
factor 2 receptor (HER2) overexpression and triple-negative tumours are rarer in 
men.25,26 In a large study analysing 1,483 male breast cancer patients, 48.6% were 
luminal-B-like/HER2-negative and 41.9% luminal-A-like, 9.1% of cases were HER2-
positive and 0.3% were triple-negative.10 
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Over the last decades, it has been possible to estimate the prognosis of breast cancer 
and predict treatment response using the three receptor proteins in combination 
with tumour size, extent of nodal involvement, grade and proliferation. The ER and 
progesterone receptor (PR) are evaluated by IHC and HER2, and with in situ 
hybridization (ISH) detecting HER2 gene amplification. 
 
In 2000, it was proposed that, by measuring the RNA expression of a large number 
of genes and establishing different gene expression patterns, it would be possible to 
distinguish up to seven molecular breast cancer subtypes, which have prognostic and 
therapeutic significance. The most common subtype, the luminal subtype, consists of 
estrogen receptor-positive tumours that have an expression profile similar to luminal 
mammary epithelial cells. Luminal A tumours are low grade, ER- or PR-positive and 
HER2-negative, and luminal B tumours are usually high grade, ER- or PR-positive 
and sometimes HER2-positive. The basal-like subtype is usually, but not always, 
triple-negative. Basal-like tumours are aggressive27,28 and associated with a lower 
survival rate.29 The HER2 overexpressing subtype is ER- and PR-negative and 
HER2-positive and often high grade. It is associated with a poor prognosis.  
 
More rare subtypes include the normal-like subtype, which has a hormone receptor 
status similar to luminal A tumours, but the expression pattern differs from it, 
resembling that of normal breast profiling. It is associated with a poor outcome.  
 
In clinical use, the ER, PR and HER2 phenotypes can be used as surrogates in 
combination with histological grade to group tumours into the four main subtypes: 
luminal A, luminal B, HER2-positive/negative and triple-negative, as summarized in 
Table 1. 
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AR is a steroid receptor acting as a hormone-regulated transcription factor, which 
exerts an antiestrogenic, growth-inhibitory influence in normal breast tissue. Both 
ovaries and adrenal glands secrete circulating androgens, and 77% of normal breast 
tissue is AR-positive with a >10% cut-off.30 Testosterone levels in premenopausal 
women are 1.5-fold compared with those of postmenopausal women.31  
 
Testosterone can either be metabolized via aromatase to 17β-estradiol (E2), an ERα 
ligand, or via 5α-reductase to dihydrotestosterone (DHT), an AR ligand. Since ER 
induces proliferation in breast epithelial cells and AR is growth-inhibitory, the effect 
of testosterone is partly dependent on the relative expression of these enzymes.32  
 
The role of AR in breast cancer has been the subject of recent research. In breast 
cancer tumours, AR expression levels are similar to those of ER and PR, with the 
highest expression found in the luminal subtype and the lowest in the basal 
subtype.33 It has been suggested that, in ER-positive breast cancer, AR maintains its 
growth inhibitory effect, but in ER-negative tumours, it may take on an oncogenic 
role.34  

 
Triple-negative tumours form a heterogenous group that has clinical importance 
because these patients do not respond to endocrine or anti-HER2 therapy. However, 
many respond to chemotherapy. Basal-like cancers are enriched amongst TNBC, 
with only 21% of TNBCs being characterized as non-basal-like.35 A subtyping of 
TNBC into six different subtypes, characterized by different gene expression profiles, 
has been suggested.28 The subtypes include two basal-like, an immunomodulatory, a 
mesenchymal, a mesenchymal stem-like and a luminal androgen receptor (LAR) 
subtype. The basal-like type 1 subtype displays an elevated DNA damage response 
and enrichment of cell cycle and cell division components. The basal-like type 2 
subtype has features suggesting a basal/myoepithelial origin, and displays gene 
ontologies involving growth factor signalling and glycolysis and gluconeogenesis.28 
The immunomodulatory subtype displays expression patterns associated with 
immune cell processes28 and has the highest survival rate in patients.36 With the 
other subtypes, contradictory results have been reported regarding outcomes.36  
 
Currently, basal cytokeratins (e.g. CK5/6, CK17 and CK14) and epidermal growth 
factor receptor (EGFR) are commonly used to define basal-like breast cancer, 
although there is no consensus on an IHC panel to identify basal-like breast cancer37. 
Basal-like breast cancers also have an aggressive gene expression profile, expressing 
high mutated p5327 and high Ki-67.28 
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Symptoms of breast cancer include a palpable breast or axillary lump, nipple 
discharge, pain in the breast, changes in the appearance of the nipple or skin 
changes. The diagnosis of breast cancer is based on clinical examination in 
combination with mammography and ultrasound of the breast and regional lymph 
nodes, and it is confirmed by pathological assessment of core needle biopsy. 
According to current European Society for Medical Oncology (ESMO) guidelines,38 
magnetic resonance imaging (MRI) is recommended in hereditary breast cancer 
associated with a BRCA mutation, breast implants, lobular cancer, suspicion of a 
multifocal tumour or when there is major discrepancy amongst clinical examination 
and mammography and ultrasound. MRI can also be considered prior to 
neoadjuvant chemotherapy to evaluate treatment response, or in the case of axillary 
metastases with an occult primary tumour undetected by mammography or 
ultrasound.38 According to the Finnish Breast Cancer Group’s national guidelines,39 
galactography can be considered when evaluating nipple discharge as a 
supplementary imaging technique, in addition to mammography and ultrasound, to 
define the location and size of the underlying lesion. Histopathological classification 
is based on the 2012 World Health Organization (WHO) Classification of Tumours of 
the Breast.24 For management purposes, breast cancers are classified into different 
TNM stages based on tumour size (T), regional lymph node involvement (N) and 
distant metastasis (M).  

 
Tumour biology and the extent and location of tumour(s), together with the age, 
general health and preferences of the patient, define the choice of treatment strategy. 

 
In western Europe, 60–80% of breast cancers can be treated with breast conserving-
surgery (BCS) combined with RT. Large tumour size relative to breast size, tumour 
multicentricity or a contraindication to RT are indications for a mastectomy. Sentinel 
lymph node biopsy (SLNB) is carried out for axillary staging if axillary node 
involvement is not proven on ultrasound-guided biopsy. Axillary lymph node 
dissection is not currently indicated for all patients with a positive sentinel node: in 
patients with a T1-2 primary tumour, no palpable lymphadenopathy and a positive 
sentinel node, axillary lymph node dissection and axillary RT provide comparable 
axillary control. In addition, axillary RT is associated with significantly less 
morbidity.40 RT after BCS reduces the 10-year risk of any first recurrence by 15% and 
the 15-year risk of breast cancer-related mortality by 4%. Boost irradiation is 
indicated for patients who have a higher risk for locoregional recurrence: age <50 
years, high-grade tumours, an extensive DCIS component, vascular invasion or 
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focally non-radical tumour excision, giving a further 50% relative risk reduction. In 
node-positive patients, RT given after mastectomy reduces the 10-year risk of any 
recurrence by 10% and the 20-year risk of breast cancer-related mortality by 8%.41 

 
In a large and locally advanced operable tumour, systemic therapy used before local 
treatment may decrease the extent of surgery needed. It is also the standard of care 
for inoperable local breast cancer and inflammatory breast cancer. The 
chemotherapy regimens recommended in current guidelines in this setting are the 
same as in the adjuvant context.38. 

 
Adjuvant therapy is systemic therapy following surgery in order to treat 
micrometastases, which was designed to lower the risk of recurrence. The choice of 
systemic adjuvant therapy is individualized and based on the characteristics of the 
tumour. The biological subtype of the tumour is determined using ER/PR, HER2 and 
proliferation (Mib-1/Ki-67) assessment. All luminal cancers are treated with 
endocrine therapy, with further options determined by the patient’s menopausal 
status. Patients with a high risk of recurrence, i.e. with triple-negative, HER2-
positive breast cancers and high-risk luminal HER2-negative tumours with a large 
primary tumour or axillary metastases, are recommended for chemotherapy, most 
frequently with regimens containing anthracyclines and/or taxanes.  
 
Independent of tumour characteristics and patient age, adjuvant chemotherapy 
reduces 10-year breast cancer mortality by 20–25% and eight-year recurrence rates 
by one-third.42 Relapse risk is calculated taking into account the extent of the 
tumour, proliferation, grade, vascular invasion and presumed responsiveness to 
endocrine treatment.38 In patients with luminal B HER2-negative tumours, 
individual relapse risk may indicate systemic treatment. Gene expression assays, 
such as Oncotype DX, a 21-gene breast cancer assay, can be used to evaluate 
individual relapse risk and predict the need of adjuvant chemotherapy. The TAILORx 
(Trial Assigning Individualized Options for Treatment (Rx)) trial of patients with 
hormone receptor-positive, HER2-negative, axillary node-negative breast cancer 
with a midrange Oncotype DX recurrence risk score showed that endocrine therapy 
was noninferior to chemoendocrine therapy.43 
 
The HER2 overexpressing molecular subtype is associated with a poor prognosis, but 
due to being sensitive to neoadjuvant anthracycline and taxane-based chemotherapy, 
it has a higher complete response rate than luminal tumours. Most HER2 tumours 
respond to the anti-HER2 monoclonal antibody, trastuzumab. In patients with 
HER2 overexpression/amplification, treated with a combination of trastuzumab and 
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chemotherapy, there is a 24% relative reduction in risk of a disease-free survival 
(DFS) event, and a 26% relative reduction in risk of death compared with 
chemotherapy alone.44  

 
The most important markers for outcome, i.e. prognostic factors, are tumour 
histology, the size, grade and the presence of peri-tumoural vascular invasion, 
proliferation markers, expression of ER/PR, HER2 and the number of involved 
regional lymph nodes. AR has been a recent subject of research in this field. To date, 
the data on the prognostic effect of AR are conflicting and seem to vary in different 
biological subgroups.47-54 ER/PR and HER2 are the only validated predictive factors, 
i.e. markers, which predict treatment effect of endocrine therapies and anti-HER2 
treatments, respectively.  

 
Follow-up is designed for a number of reasons: to detect early local recurrences and 
therapy-related complications, to provide psychological support and to promote 
commitment to hormonal treatments. To date, there is no randomised data to 
support any particular follow-up sequence or protocol. In Finland, mammography 
with or without ultrasound is recommended annually or every other year.39 At the 
Department of Oncology of Helsinki University Hospital (HUH), patients are called 
in for yearly examinations and/or appointments. Between follow-up appointments, 
the patient can contact the clinic via a mobile service which offers a breast cancer 
follow-up service, or by calling a symptom helpline to contact a breast cancer nurse.45 
In two randomized controlled trials, the addition of electronic patient-reported 
follow-up in lung cancer patients46 and in patients initiating routine chemotherapy 
for metastatic solid tumours47 significantly improved overall survival (OS). 

 
The treatment of advanced breast cancer is individually planned for each patient. 
Factors to consider when choosing systemic treatment are hormone receptor and 
HER2 status, tumour burden, age, comorbidities, menopausal status and previous 
therapies and their toxicities.  
 
ER-positive HER2-negative breast cancer 
 
In luminal advanced breast cancer, endocrine treatment is the first option.48 In post-
menopausal women, the first-line choice is a nonsteroidal aromatase inhibitor (AI), 
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either anastrozole or letrozole, as a single treatment or combined with a CDK4/6 
inhibitor, which is also the treatment of choice for male breast cancer patients.49  
The second- and third-line choices consist of the selective ER modulator tamoxifen, 
the ER antagonist fulvestrant and the progestin medroxyprogesterone acetate.39  
 
In pre-menopausal patients with advanced ER-positive disease, ovarian function 
suppression (OFS) combined with additional endocrine treatment is recommended. 
The method for reaching OFS varies from LHRH (luteinizing hormone-releasing 
hormone)-agonists to bilateral salpingo-oophorectomy. Serial serum estradiol 
measures to confirm adequate OFS may be performed if an AI is used concomitantly 
because of the estrogen-inducing effect of AIs. In men with hormone-receptor-
positive disease, tamoxifen is the preferred choice.48 Concomitant use of endocrine 
therapy and chemotherapy has not been associated with improved survival.  
 
HER2-positive breast cancer  
 
In patients with HER2-positive advanced breast cancer, anti-HER2 therapy should 
be considered as first-line therapy combined with chemotherapy, also in cases of ER-
positive disease. In HER2-negative advanced breast cancer, according to current 
guidelines, anthracycline-or taxane-based regimens are usually considered as first-
line chemotherapy.48 
 
TNBC 
 
In patients with TNBC, chemotherapy is the only non-investigational systemic 
treatment option. However, in the subgroup of these patients with a BRCA mutation, 
a PARP (poly (ADP-ribose) polymerase) inhibitor has been associated with improved 
progression-free survival (PFS).50 There are several ongoing clinical trials 
investigating the efficacy of AR inhibition in AR-positive TNBC, either alone or 
combined with other treatments.  
 
Removal of the primary tumour in de novo metastatic disease has not been 
associated with improved survival. In some special cases, such as in oligometastatic 
or low-volume metastatic disease highly sensitive to systemic therapy, complete 
remission and long survival can be achieved and locoregional treatment can also be 
considered. Surgery may also be indicated to improve quality of life.  
 
For symptomatic bone metastases, RT is the treatment of choice. In the case of 
impending or already existing pathologic fracture, prior surgical stabilization may be 
indicated. Likewise, with spinal cord compression, the choices are surgical treatment 
or in case this is not feasible, RT. 
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In Finland, five-year survival of breast cancer patients is 91%, and ten-year survival 
is 85%2. During the first years, the recurrence risk is higher in hormone receptor-
negative patients, lowering significantly 5–8 years after diagnosis. Breast cancer 
may, however, recur even more than 20 years after diagnosis, especially in patients 
with hormone receptor-positive tumours. The prognosis has been reported to be 
similar in both genders according to subtype.10 
 
Compared with older patients, breast cancer in young women has a poorer prognosis 
resulting from more aggressive tumour types.3,4 In some studies, young age has been 
found to be an independent risk factor for local recurrence51–53 and shorter breast 
cancer-specific survival. HER2-positive breast cancer in young women has been 
associated with an improved recurrence-free survival, probably reflecting the use of 
HER2-directed therapy.54 In some studies, BCS has resulted in an increased local 
recurrence rate compared with mastectomy,55,56 while in others, similar results for 
both surgical techniques have been reported.57 In a large study, the extent of primary 
surgery did not influence distant DFS or OS after adjusting for known prognostic 
factors in young breast cancer patients despite a higher local recurrence rate.56 

 
Approximately 30% of breast cancers are familial, i.e. clustering within a family. 
From 5–10% of breast cancer patients have a hereditary predisposition to breast 
cancer, thought to be inherited in an autosomal dominant manner. The susceptibility 
genes can be divided into ‘high-penetrance’, ‘moderate-penetrance’ and ‘low-
penetrance’ genes according to the magnitude of their impact.  
 
In addition to high-penetrance genes BRCA1/2, it is thought that the remaining, 
approximately 80% of familial breast cancer susceptibility is polygenic, and low- and 
moderate-penetrance genes contribute in varying degrees.58,59 PALB2 and CHEK2 
are some of the most noteworthy of the moderate-penetrance genes.  
 
BRCA1/2 
 
Mutations in high-penetrance susceptibility genes BRCA1, located in chromosome 
17, and BRCA2, located in chromosome 13, account for approximately 20% of 
familial breast cancer.60–62 Mutations in either BRCA gene result in inactivation of 
the repair of double-stranded DNA and an elevated risk for breast and ovarian 
cancer. The estimated cumulative risk of breast cancer in women up to 80 years of 
age is 72% for BRCA1 and 69% for BRCA2 carriers.63  
 
BRCA1-associated breast cancers are more frequently high grade, are more often 
ER-, PR-, and HER2-negative and more often have a medullary histology. They are 
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often basal-like and associated with a worse prognosis. The BRCA2-associated breast 
cancers are more similar to sporadic breast cancers, and no survival difference has 
been detected.64 Breast cancer patients with BRCA1/2 mutation can be treated with 
olaparib, a PARP-inhibitor, since PARP inhibition results in genomic instability and 
cell death in BRCA-mutated cells. 
 
The prevalence of BRCA1/2 mutations in unselected breast cancer patients has been 
reported to be 1–2%. In a large, unselected cohort of Swedish breast cancer patients 
in a recent study, 1.8% carried a pathogenic BRCA1/2 mutation.65 Strong founder 
effects have been detected in Finland.66 In a cohort of 1,035 unselected Finnish 
breast cancer patients, 1.8% carried a BRCA1/2 mutation.67 It has been estimated 
that approximately 20% of Finnish breast cancer families carry a BRCA mutation.68 
Recurrent founder mutations account for the majority of the identified mutations in 
BRCA1 and BRCA2.69 
 
In women with a BRCA1/2 mutation, a prophylactic mastectomy reduces the risk of 
breast cancer by 90–95%, and a prophylactic oophorectomy reduces the risk of 
ovarian, fallopian tube and peritoneal cancer by 80–85%. The latter also decreases 
the risk of breast cancer in premenopausal BRCA1/2 carriers by 50%70. There is no 
evidence supporting routine annual breast imaging amongst male carriers. 
According to current ESMO screening guidelines, clinical breast examination every 
6–12 months and regular breast self-exams are recommended. Additionally, an 
annual screening MRI from the age of 25, supplemented with annual mammography 
from the age of 30, should be performed.71 
 
Li-Fraumeni syndrome 
 
P53 is a tumour suppressor gene which acts in several ways to preserve genomic 
stability: it is able to initiate DNA repair and apoptosis, arrest the cell cycle and is 
essential to cellular senescence. Li-Fraumeni syndrome, a rare syndrome with a 
prevalence of 1:20,000 linked to germline pathogenic p53 mutations, predisposes to 
several cancers, typically breast cancer and bone and soft tissue sarcoma.72 In women 
with Li-Fraumeni, cancer penetrance by the age of 85 is 100%, with breast cancer 
comprising 80% of all cancers in the age group of 16–45 years.73  
 
Current ESMO breast cancer screening guidelines in Li-Fraumeni patients 
recommend clinical breast examination every 6–12 months from ages 20–25 and 
annual breast MRI at ages 20–75 years. Additionally, annual dermatological and 
neurological examinations and colonoscopy every five years are recommended. 
Annual whole-body MRI and six-monthly complete blood count can also be 
considered.71 
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CHEK2 is associated with a moderately increased breast cancer risk.74 CHEK2 
encodes a checkpoint kinase that participates in the regulation of DNA repair and is 
therefore implicated in tumour suppression. It phosphorylates BRCA1 and p53.75,76  
CHEK2 is more common in young breast cancer patients and those with a positive 
family history. Amongst CHEK2 mutation carriers, the patients with no family 
history have a 20% lifetime risk of breast cancer, whereas a positive family history 
doubles this risk.74  
 
In a cohort of unselected breast cancer patients, 1.4% carried a CHEK2 c.1100delC 
mutation, compared with a frequency of 1.1% in the healthy population.77 In the same 
study, 5.1% of individuals with breast cancer from breast cancer families without 
BRCA1 or BRCA2 mutations were found to carry a CHEK2 c.1100delC mutation.  
  
A total of 5.5% of Finnish breast cancer patients with a positive family history and 
2.0% of unselected breast cancer patients have been reported to carry a CHEK2 
protein truncating mutation, c.1100delC in exon 10, compared with a population 
control frequency of 1.4%.78 Another variant, the missense I157T (c.470T>C) in the 
FHA (forkhead associated) domain of CHEK2, is associated with a lower elevation in 
the risk and was detected in 7.4% of unselected Finnish female breast cancer 
patients, in 5.5% of patients with a positive family history and in 5.3% of population 
controls.79 CHEK2 mutations have also been associated with an increased risk of 
colorectal cancer,80 prostate cancer81 and thyroid and kidney cancer.82  
 
Current ESMO guidelines for breast cancer screening in CHEK2 mutation carriers 
recommend clinical breast examination every 6–12 months from ages 20–25, annual 
breast MRI from ages 20–29, which can be supplemented with annual mammogram 
at ages 30–7571. 
 
Fanconi anaemia genes and breast cancer susceptibility 
 
Fanconi anaemia (FA) is a rare childhood chromosomal instability disorder, which is 
characterized by bone marrow failure, developmental abnormalities and 
predisposition to various cancers. It results from biallelic mutations in FA genes, 
which is a family of more than 20 genes involved in DNA repair. An elevated breast 
or ovarian cancer risk is associated with monoallelic mutations in a subset of these 
genes: BRIP1, PALB2, RAD51C, BRCA1 and BRCA2.58,83–87 Founder mutations in 
BRCA2, PALB2 and RAD51C genes have been identified in the Finnish 
population.85,88,89  
 
PALB2 
 
PALB2 (partner and localizer of BRCA2) acts as a tumour suppressor gene 
maintaining the integrity of BRCA2, and pathogenic mutations are associated with a 
moderately increased breast cancer risk, with a 34% risk of breast cancer by the age 
of 70.84 Approximately 1–3% of women with familial breast cancer carry a 
monoallelic mutation in PALB2.90  
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A PALB2 c.1592delT mutation frequency of 0.7–0.9% has been observed amongst 
Finnish unselected breast cancer patients, and amongst familial patients, it has been 
detected at a 2.0–2.7% frequency. PALB2 c.1592delT is associated with an aggressive 
breast tumour phenotype.89,91  
 
Current ESMO guidelines for breast cancer screening in PALB2 mutation carriers are 
the same as recommended for CHEK2 mutation carriers. 
 
RAD51C 
 
RAD51C mutations c.93delG and c.837+1G>A have been associated with a 
moderately increased risk of ovarian cancer. In a study screening index, cases from 
1,100 German breast and ovarian cancer families, six pathogenic RAD51C mutations 
in families with breast and ovarian cancer were detected, but none in families with 
breast cancer only or in healthy controls.92  
 
RAD51C mutations c.93delG and c.837+1G>A were detected at a combined 
frequency of 1.0% amongst unselected ovarian cancer patients and a frequency of 
2.1% frequency amongst Finnish breast and ovarian cancer families.85 In unselected 
breast cancer patients, neither of the mutations was observed.  
 
RAD51D 
 
Mutations in RAD51D have been linked to a predisposition to ovarian cancer.93 A 
Finnish founder mutation c.576+1G>A in the gene has been identified, and a 
significantly higher mutation frequency of 2.9% has been observed amongst breast 
cancer patients with a family history of breast and ovarian cancer, compared with 
0.1% in population controls with a moderately increased breast cancer risk. In 
Finnish unselected breast cancer patients, the frequency was the same as in controls, 
but amongst unselected ovarian cancer patients, the frequency was higher at 0.6%.94  
 
FANCM 
 
A FANCM susceptibility allele for TNBC, the nonsense mutation c.5101C>T 
(p.Q1701X), has been identified in the Finnish population, with a frequency of 2.8% 
in unselected breast cancer patients, 3.1% of breast cancer families95 and a 
moderately increased breast cancer risk.  
 
Recently, pathogenic mutations in BRCA1, BRCA2, PALB2, RAD51C and RAD51D 
were all found to be associated with an increased risk for TNBC.96 
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Genetic risk factors for male breast cancer are poorly understood. Known high-
penetrance risk factors are mutations in BRCA1 and especially in BRCA2.  
 
The cumulative breast cancer risk for male BRCA2 mutation carriers by 80 years of 
age has been reported to be 7–8%, and for BRCA1 carriers, 1.2%.97,98 BRCA1/2 
mutation carriers are also at an increased risk for developing a second malignancy 
such as prostate and pancreatic cancer. The risk is increased especially in BRCA2 
carriers, but the risk for these cancers is lower than for breast cancer.99–101 
 
The prevalence of BRCA1/2 mutations varies in different male breast cancer 
populations.19,102,103 In a Finnish series of unselected male breast cancer patients, 8% 
carried a BRCA2 founder mutation, which is considerably higher than the 1.4% in 
female Finnish breast cancer patients, and in male breast cancer patients with a 
positive family history of breast cancer, 44% carried a mutation.104 
 
BRCA2 mutations have also been reported as a prognostic marker of prostate cancer: 
the incidence of germline mutations in genes mediating DNA repair processes has 
been reported to be higher in men with metastatic prostate cancer, compared with 
men with localized cancer, 11.8% and 4.6%, respectively, indicating that a BRCA2 (p 
< 0.001) or a CHEK2 (p < 0.001) mutation may be associated with an higher risk for 
a more aggressive type of prostate cancer.105 
 
According to current guidelines, male BRCA1/2 mutation carriers are recommended 
annual clinical breast examination by a physician, starting from the age of 30.71 
There is no evidence to support routine annual breast imaging. For BRCA2 carriers, 
annual screening for prostate cancer may be considered starting at the age of 40, 
especially for BRCA2 carriers. 
 
The frequency of CHEK2 c.1100delC mutation in Finnish male breast cancer patients 
has previously been reported to be similar to that seen in population controls.106 In 
Dutch and American male breast cancer patients, the frequency was reported to be 
significantly elevated.107,108 There are no guidelines for the screening of breast cancer 
in male CHEK2 mutation carriers.  
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The aims of this study are the following: 

(1) To characterize male breast cancer in the Finnish population, 

(2) To define the frequency of the known genetic risk factors in Finnish male 
breast cancer patients and identify new genetic risk factors for male breast cancer 
and 

(3) To report treatment results and survival of male breast cancer patients in 
Finland.  

The aims of the current study are the following: 

(1) To characterize breast cancer in young women in the Finnish population with 
a special focus on TNBC, 

(2) To identify prognostically significant biomarkers in the primary tumour 
specific to young women and 

(3) To report treatment results and survival of young breast cancer patients in 
Finland. 
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For Study I, the studied population consists of the 58 male breast cancer patients 
diagnosed with breast cancer during 1981–2006 at the Department of Oncology at 
HUH.  

 
For Study III, the frequency of the studied mutations was determined in 68 male 
breast cancer patients, which consisted partly of the same patients as in Study I.  
 
A cohort of 59 unselected male breast cancer cases was collected at the HUH 
Department of Oncology. Altogether, 40 patients in Helsinki (n = 26), Kuopio (n = 
2), Oulu (n = 6) and Vaasa (n = 6) diagnosed with breast cancer from 1997–2007 
were retrospectively collected from the years 2009–2012. This represented 32% of all 
male breast cancer cases diagnosed from 1997 to 2007 and 65% of the patients who 
were alive during the collection period.  
 
Furthermore, 19 patients diagnosed with male breast cancer in Helsinki from 2008–
2013 were collected from the years 2011–2014. These patients included 90% of all 
male breast cancer cases diagnosed from 2008–2013 in Helsinki. One male breast 
cancer patient was identified from an unselected cohort of breast cancer patients 
collected at the HUH Department of Surgery from 2001–2004,109 and eight 
BRCA1/2-negative male breast cancer cases diagnosed from 1999–2014 were 
collected at the HUH Department of Clinical Genetics from the years 2002–2014.  

 
For Study II, the female patients aged ≤35 years diagnosed with breast cancer from 
1997–2007 at the HUH Department of Oncology were included. The initial number 
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of patients was 214. Diagnosis and surgeries were done elsewhere for two patients, 
who were excluded, and the final number of patients included was 212.  

 
For Study IV, an unselected series of 143 young female breast cancer patients, for 
whom a representative tumour sample was available, was collected at HUH and 
Kuopio University Hospital (KUH). These patients consisted of 122 patients from 
Study II and 21 patients from KUH. All patients were diagnosed from 1997–2007 
and were under 35 years of age at the time of diagnosis. 
 
Patient data are summarized in Table 2. 

 
We used population control frequencies that had been defined in previous studies. 
For the PALB2 mutation, population control frequencies had been defined in 1,079 
healthy population controls from the Helsinki region,91 and for the CHEK2,78,79 
RAD51D,94 FANCM95 and RAD51C85 in up to 2,102 healthy female population 
controls from the Helsinki (n = 1,287) and Tampere (n = 815) areas from anonymous 
donors at the Finnish Red Cross Blood Transfusion Service. 

 
All data except genotyping, histopathological analyses and family history of breast, 
ovarian and prostate cancer in Study III were retrospectively collected.  
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Clinical data were obtained by patient chart review. Collected parameters are 
summarized in Table 3. Live male patients in Study III were contacted via letter or 
telephone and structured data regarding family history of cancer were collected. 
Blood samples were obtained from the contacted patients. 
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We genotyped the RAD51D c.576+1G>A, RAD51C c.93delG and RAD51C 
c.837+1G>A mutations with Taqman real-time PCR (polymerase chain reaction), as 
summarized in Tables 4 and 5. The PALB2 c.1592delT, FANCM c.5101C>T and 
CHEK2 mutations were genotyped with Sanger sequencing using primer pairs 
described in Additional file 1 for PCR and ABI BigDyeTerminator 3.1 Cycle 
Sequencing Kit (Life Technologies, Carlsbad, CA, USA) for the sequencing reactions. 
Capillary sequencing was performed at the Institute for Molecular Medicine Finland 
(FIMM), University of Helsinki. 
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We analysed the AR, PR, HER2, CK5/6, Ck14, Ki-67 and AR expression of tumours 
of the young breast cancer patients in Study IV. After evaluation of tissue sections 
from each case (3 um thick sections stained with haemotoxylin and eosin [H&E] 
according to approved methods and protocols), representative neoplastic areas were 
marked, and the corresponding paraffin block was retrieved. From each selected 
block, a tissue core 1.5 mm in diameter was obtained and tissue microarray (TMA) 
blocks were constructed, using a manual arrayer (Model I;  Beecher Instruments 
Inc., Sun Prairie, WI, USA).  
 
TMA slides were pretreated and stained with primary antibodies. The antibodies, 
dilution and incubation times and antibody detection kits are presented in Table 6. 
Pretreatment was as follows: heat-induced epitope retrieval pretreatment with Cell 
Conditioning 1, 64 min/98°C pH8,5 (Ventana) for antibodies ER, PR, Ki-67, CK5/6 
and AR with Ventana Benchmark XT (Roche/Ventana, Tucson, AZ, USA). Under the 
same conditions, HER2 was pretreated for 30 min. CK14 and E-cadherin antibodies 
were microwave oven pretreated 24 min in pH 9.0TRIS/EDTA buffer. 
 
The specimens were stained with H&E, dehydrated and then mounted for viewing 
with a microscope. All samples were examined by two researchers, one of whom is a 
pathologist specialized in breast pathology. Cut-off for ER, PR and AR was 5%, 10% 
for CK5/6 and CK14 and 50% for Ki-67 and E-cadherin. Strong membrane staining 
was considered positive.  



37 

 



38 

The WHO Classification of Tumours of the Breast and ESMO Clinical Practice 
Guidelines for early breast cancer currently recommend a 1% cut-off for the ER and 
PR. In clinical practice, a range of 1–10% has been used during the past decades. At 
the time of the study, the recommended cut-off for the ER and PR positivity at the 
HUH Department of Pathology was 10%. The cut-off in this study was chosen in the 
middle of the previous and present recommended cut-offs. There is no consensus on 
the cut-off for AR positivity, and the cut-off used varies according to the literature. 
The cut-off for AR positivity in this study was chosen to be in the same range as the 
cut-offs reported in the literature, and to match the cut-offs for the ER and PR, which 
have similar expression levels in breast cancer as those of the AR. Likewise, the 
reported cut-offs for CK5/6 and CK14 vary, and the cut-offs for this study were 
chosen to be in the same range as the cut-offs reported in the literature. HER2 gene 
amplification status was determined with ISH according to international guidelines38 
with a 30% cut-off. The Ki-67 cut-off was 50% to identify highly proliferative 
tumours. 

 
Statistical analyses were performed using IBM SPSS Statistics (IBM, Armonk, NY, 
USA). The Χ2 test and Fisher’s exact test provided the comparison of categorical 
variables. Survival estimates were based on Kaplan-Meier analysis. The Cox 
regression analysis yielded hazard ratios for survival comparison. Two-tailed tests 
gave the P values that were considered statistically significant when less than 0.05.  

All studies were performed with the informed consent from the genotyped patients 
and permissions from the ethics committees of HUH, KUH, Oulu University 
Hospital, Vaasa Central Hospital and the Ministry of Social Affairs and Health, 
Finland.  
 
We received permissions for this study from each of the participating hospitals 
(HUH 18.6.2007, KUH 24.9.2007, Oulu 92/2007 23.8.2007 and Vaasa 15.9.2016). 
Permission to use tissue samples for research purposes was provided by the Ministry 
of Social Affairs and Health, Finland (permissions 25.10.2007 and No. 
5379/04/046/07). The study was approved by the Ethics Committee of Surgery of 
the Hospital Districts of Helsinki and Uusimaa. 
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The median age at diagnosis was 63 years (range 35–91). Risk factors, such as 
alcohol use, smoking status and obesity, were underreported and remained unknown 
in over half of the cases (Table 7). Of patients with known risk factors, 9/22 of 
patients with reported risk factors were obese, 8/30 were smokers and 8/19 were 
heavy drinkers. Four patients had been diagnosed with liver cirrhosis. Family history 
of cancer was also known in only half of the patients, of which 11/35 (32%) had 
breast and 3/31 (10%) had prostate cancer in the family. No ovarian cancer family 
history was reported. Only four patients had been tested for a BRCA1/2 mutation. 
One had a BRCA2 mutation and a family history of breast, renal and stomach cancer. 
No BRCA1 mutations were detected. Two patients had Klinefelter’s syndrome.  
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A self-detected lump was the most common presenting symptom (44 patients, 75%), 
and only a few patients experienced local pain (five patients, 9%), nipple retraction 
(four patients, 7%), nipple discharge (one patient, 2%) or inflammatory skin changes 
(three patients, 6%). The median (range) time from the first appearance of symptoms 
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to diagnosis was six (0–108) months. Mammography (eight patients, 14%), 
ultrasonography (10 patients, 18%) or both (nine patients, 16%) were performed on 
half of the patients as the first diagnostic exam, while the remaining patients only 
underwent a fine needle or core biopsy (13 patients, 23%) or excision of the tumour 
(18 patients, 32%) with no prior imaging studies. Most patients were referred to 
secondary centres for diagnosis. 

 
Tumour characteristics are presented in Table 8 together with tumour characteristics 
of female patients in Study II. Half of the tumours with known size were T1, and 14% 
were T4. The median size was 1.8 cm. Lymph node metastases were detected in half 
of the patients, and the mean number of positive lymph nodes was 1.7. Nearly all (n = 
55) tumours were ductal. The remaining two were lobular: one diagnosed in a patient 
with Klinefelter’s syndrome and the other with liver cirrhosis. Two patients had 
distant metastases at the time of diagnosis: one bone, pulmonary and mediastinal 
lymph node metastases and the other pulmonary, pleural and mediastinal lymph 
node metastases. Of patients with known receptor status, all were ER-positive and 
79% were PR-positive, but hormone receptor status and grade were underreported. 
Half of the tumours with known grade were grade 2, and 20% of cancer cells were 
proliferatory according to the Ki-67 IHC. HER2 expression status was evaluated in 19 
(33%) cases, of which two (11%) showed HER2-amplification.  
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Most patients (97%) underwent mastectomy, 90% axillary evacuation, and 7% 
sentinel node biopsy without evacuation. Overall, 60% of the patients were treated 
with postoperative local RT : 18% to the breast, 37% to the breast and the axilla and 
4% to the breast and other local lymph node regions.  
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Of the 56 patients, 64% who had no distant metastases at diagnosis received  
adjuvant hormonal therapy. One patient was treated with letrozole and goserelin and 
the rest (n = 35) with tamoxifen. One patient with a HER2-amplified tumour 
received adjuvant trastuzumab. Eleven patients received adjuvant chemotherapy, 
either CEF (cyclophosphamide, epirubicin, fluorouracil, n = 5), docetaxel and CEF (n 
= 5) or CMF (cyclophosphamide, methotrexate, fluorouracil, n = 1). Eighteen of the 
27 patients with lymph node metastases at diagnosis were not treated with any 
chemotherapy.  

 
The median follow-up time was five years (range 1 month–24 years). Relapse 
occurred in 14 patients, of which six experienced a local relapse and eight a distant 
relapse. Local relapses were operated or treated with RT. As systemic treatment, 
local recurrences were treated with tamoxifen (n = 3), docetaxel (n = 1) or none (n = 
2). Distant metastases were only skeletal (n = 4), only visceral (n = 2) or occurred at 
several sites (n = 2). Bone metastases were treated by combining RT and tamoxifen 
or medroxyprogesterone acetate as the first-line systemic therapy (n = 7), and 
visceral metastases were treated with tamoxifen (n = 1) or docetaxel (n = 1). 
 
The DFS data of the patients (n = 56) without distant metastases at the time of 
diagnosis are displayed in Kaplan-Meier curves in Figure 1, and the OS data together 
with breast cancer-specific survival are displayed in Figures 2 and 3. During follow-
up, 21 patients died (37%): nine due to breast cancer and 12 due other causes. The 
estimated five-year OS was 75%.  
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Other malignancies 
 
Eight malignancies in addition to breast cancer were detected (Table 7). Prostate 
cancer was the most common malignancy, diagnosed in four (7%) patients, one of 
whom also had Klinefelter’s syndrome, and one patient also had oral cavity cancer. 
There were two patients with two other malignancies in addition to breast cancer. In 
addition to the aforementioned patient with prostate and oral cavity cancer, another 
patient had been diagnosed with melanoma and colon cancer. Of all the patients, 11 
(19%) had one or two diagnosed malignancies in addition to breast cancer. 
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Sixty-eight male patients were included in genotyping of the Finnish CHEK2, PALB2, 
FANCM, RAD51C and RAD51D founder mutations. The median age at the time of 
diagnosis of breast cancer was 64, ranging from 24–90 years of age. Seventeen 
(40%) had a positive family history of breast cancer: four (11%) for prostate cancer 
and none for ovarian cancer. Two (4.9%) patients were carriers of BRCA1 mutations, 
and three (7.3%) were carriers of BRCA2 mutations of the 41 that were tested for 
BRCA mutations in clinical diagnostics. None had Klinefelter’s syndrome.  
 
The tumour characteristics are presented in Table 9. Half of the tumours were T1, 
and a T4 tumour was diagnosed in 10% of the patients. One lobular carcinoma, one 
adenocystic carcinoma and one ductal carcinoma in situ were detected, and all others 
were invasive ductal carcinomas. The majority of tumours were hormone receptor-
positive. 
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Table 10 displays the frequencies of mutations detected in this study and in the 
control populations. The CHEK2 c.1100delC mutation was detected in four patients 
(5.9%) (odds ratio [OR]: 4.47, 95% confidence interval [CI] 1.51-13.18, p = 0.021 
compared with population controls). The median age at the time of diagnosis of the 
CHEK2 c.1100delC carriers was 56 years and half of the patients were relatively 
young: one was 41 and another was 46 years old (Table 11). None of the CHEK2 
c.1100delC mutation carriers were carriers of a previously detected BRCA1/2 
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mutation. One CHEK2 carrier patient had a family history of breast cancer. All 
carcinomas of the carriers were ductal and ER-positive. The I157T variant was also 
found in four patients (p = 0.781). No RAD51C, FANCM, PALB2 or RAD51D 
mutations were found. 
 

 
 
 

 

 
The median age at the time of diagnosis was 33 (range 20–35), and 48 of the women 
were 35 years old. The occurrence of risk factors for breast cancer is shown in Table 
12. Forty (19%) patients had been tested for a BRCA1/2 mutation, and of these, six 
(15%) carried a BRCA1 mutation, and in one (3%) a BRCA2 mutation was detected. A 
prior or subsequent malignancy in addition to breast cancer was diagnosed in seven 
patients. Three of these patients had Hodgkin’s disease, and two of them had 
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received mantle field radiation prior to breast cancer. Two patients with Li-Fraumeni 
syndrome had been diagnosed with sarcoma before breast cancer diagnosis, one of 
them with two primary sarcomas. The patient carrying a BRCA2 mutation had been 
treated for contralateral breast cancer previously, and the second breast cancer was 
considered a new primary. 

 
Tumour characteristics are presented in Table 8 together with tumour characteristics 
of male patients in Study I. Three (1%) patients had bilateral tumours, 125 (59%) had 
a unilateral tumour in the left breast and 84 (40%) had one in the right. The most 
common tumour location was in the upper lateral quadrant (56%). Two patients had 
a T4 tumour, and 109 tumours were T1. Fourteen patients had distant metastases, 
and 117 patients had axillary lymph node metastases at diagnosis. One hundred and 
thirty (65%) tumours were grade 3, and 81 (38%) were negative for both the ER and 
PR. Median Ki-67% was 35% (range 2–90%). HER2 status was determined for 152 
patients: 65 with only immunohistochemistry, 5 with only ISH and 82 with both. Of 
the 137 cases with a known HER2 status (either tested with ISH or negative with 
IHC), 47 (34%) were HER2 positive, and 35 (26%) were triple-negative. 

 
Treatment data are presented in Table 13. Six patients were treated with neoadjuvant 
chemotherapy: three for inflammatory breast cancer, two for a large tumour and one 
who refused surgery. Three patients had an inoperable tumour and distant 
metastases at primary diagnosis. Sixty-eight (32%) patients were treated with BCS 
and 140 (66%) with mastectomy. Axillary lymph node dissection was performed in 
150 (71%). SLNB without axillary lymph node dissection was performed in 25 (12%) 
and with axillary lymph node dissection in 33 (16%) of the cases. One hundred and 
sixty-three of the patients were treated with postoperative RT. Twenty-nine (43%) of 
the 68 patients with BCS received RT with a booster close to the tumour bed. The 
main criterion for postmastectomy RT was a T3-T4 tumour or lymph node 
metastases, and 94 (67% of patients who underwent mastectomy) received it. 
 
Eighteen of the 198 patients without distant metastases at diagnosis received no 
systemic adjuvant therapy, and 175 were treated with adjuvant chemotherapy. The 
most commonly used chemotherapy regimens were FEC (fluorouracil, epirubicin, 
cyclophosphamide) or CMF (cyclophosphamide, methotrexate, fluorouracil) in the 
early years and docetaxel followed by FEC in the more recent years. There was 
variation in chemotherapy treatments because many patients had participated in 
clinical trials. Adjuvant trastuzumab was administered to 18 patients either 
according to the FinHer protocol110 or the Hera protocol.44 
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Ninety-five of the 123 patients with only locoregional and hormone receptor-positive 
disease were treated with adjuvant endocrine therapy. Ninety-two of these 123 
women received tamoxifen, and 32 underwent ovarian function suppression, either 
receiving LHRH analogues or undergoing oophorectomy. Six patients received AIs 
combined with either goserelin or oophorectomy alone or sequentially after 
tamoxifen. One patient underwent a prophylactic oophorectomy because of 
hereditary breast-ovarian cancer syndrome (no BRCA1/2 mutation found). 
 
 



50 

 



51 

 



52 

 
The median follow-up time was 78 months, ranging from one to 160 months. The 
DFS of patients without distant metastases at diagnosis (n = 198) is shown in Figure 
4. The median DFI was 30 months (range 8–103 months). After primary diagnosis, 
70% of the patients were disease free after five years. Sixty-three patients (32%) 
experienced a relapse. The first recurrence was locoregional in 20 patients (10%), 
occurring most often (15 patients) in the ipsilateral breast, axilla or thoracic wall. In 
addition to these, 10 locoregional recurrences were diagnosed either after distant 
metastases or at the same time as distant disease. Hence, in total, locoregional 
recurrence was seen in 30 (15%) of the 198 patients.  
 
Figure 4. DFS of young female breast cancer patients with M0 disease in Study II (n 
= 198). 
 

 
 
Ten (15%) of the 67 patients treated with BCS and RT experienced ipsilateral breast 
tumour recurrence. Ipsilateral thoracic wall recurrence occurred in 8 (6%) of the 140 
patients after mastectomy. Seven of these eight patients had not received 
postmastectomy RT. Of the 94 patients treated with postmastectomy RT, only one 
(1%) patient experienced an ipsilateral thoracic wall recurrence while seven (15%) 
ipsilateral thoracic wall recurrences occurred amongst the 46 women without 
postmastectomy RT. Contralateral breast cancer was diagnosed in seven patients, 
one of whom had been diagnosed with Li-Fraumeni syndrome. Four (20%) of the 20 
patients with locoregional recurrence as the first site of metastasis experienced 
distant metastases during follow-up.  
 
The OS is presented in Figure 5. At the end of follow-up, 44 (21%) women had 
deceased: 43 due to breast cancer and one due to another cause. The five-year OS 
was 80%. DFI and OS were similar amongst the youngest patients aged <30 years 



53 

compared with those aged 0–35 years (data not shown). Five-year survivals and 
recurrences are summarized in Table 14. 
 

 
 
 
Figure 5. OS of young female breast cancer patients in Study II (n = 212). 
 

 
 
DFS and OS stratified by hormone receptor status are shown in Figure 6 and 7. DFS 
was significantly better amongst patients with hormone receptor-negative disease (p 
= 0.001). Even after excluding the 35 patients who had hormone receptor-positive 
disease but did not receive endocrine therapy, the results remained similar. 
 
Figure 6. DFS of young female breast cancer patients in Study II (N= 198) with 
hormone receptor positive (n = 123) and hormone receptor negative (n = 75) disease. 
DFS was significantly better amongst patients with hormone receptor-negative 
disease (p = 0.001). 
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Figure 7. OS of young female breast cancer patients in Study II with hormone 
receptor-positive (n = 131) and hormone receptor-negative (n = 81) disease. There 
was no significant difference in survival rate.  
 

 
 

 
Tumour characteristics retrospectively collected from the charts of the patients 
whose tumours were analysed with IHC are presented in Table 15. The majority 
(85%) of tumours were ductal, and over half (62%) were grade 3. At the time of 
diagnosis, more than half (59%) of the patients had lymph node metastases, and 3% 
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distant metastases. Sixty-eight percent of tumours were ER-positive, 20% triple-
negative and 32% HER2-positive. Treatment is displayed in Table 16. A total of 68% 
of the patients were treated with mastectomy, the rest with a wide local excision, 
while 83% of patients received postoperative RT. Half of patients without distant 
metastases received both adjuvant chemotherapy and endocrine therapy, and 10% of 
M0 patients were given no adjuvant systemic treatment. Tumour characteristics of 
the triple-negative tumours are presented in Table 17. Most (94%) tumours 
represented histological grade 3. According to Ki-67 IHC, the median fraction of 
proliferatory cells was 30%. In IHC, median fraction of 26% of cancer cells showed 
mutated p53.  
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Biomarker expression in triple-negative tumours vs. non-triple-negative tumours is 
displayed in Table 18. Triple-negative tumours were significantly more often CK5/6-
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positive (24% vs. 5%, p = 0.003), CK14-positive (48% vs. 4%, p = <0.001), p53-
positive (46% vs. 25%, p = 0.024) and AR-negative (83% vs. 12%, p = <0.001). There 
were no significant differences in marker expression comparing N0 and N positive 
breast cancers (data not shown). 
 
 

 

 
Median follow-up time was 12 years (range 7 months–20 years). The association of 
chosen biomarkers with OS and DFS is presented Table 19. AR positivity was 
associated with lower OS in TNBC tumours (p = 0.018, Figure 8). In all patients, AR 
positivity was associated with a significantly shorter OS (p = 0.02, Figure 9) and DFS 
(p = 0.026, Figure 10). The survival of patients with AR-positive tumours did not 
differ according to ER status (data not shown), and p53 and E-cadherin were not 
associated with prognosis. 
 
Figure 8. OS of young female breast cancer patients in Study IV with TNBC 
according to AR expression (n = 29). AR positivity was associated with lower OS (p = 
0.018). 
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Figure 9. OS of young female breast cancer patients in Study IV according to AR 
expression (n = 143). AR positivity was associated with a significantly shorter OS (p 
= 0.02). 
 

 
 
Figure 10. DFS of young female breast cancer patients in Study IV according to AR 
expression (n = 138). AR positivity was associated with a significantly shorter DFS (p 
= 0.026). 
 

 
 
We divided the tumours into different subtypes, according to a.) CK5/6/CK14/E-
cadherin/p53 and b.) ER/PR/HER2/AR expression status, and we compared the 
survival of these subtypes. The frequencies of these subtypes are presented in Table 
20. We found no statistically significant differences comparing the OS of one subtype 
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with all other subtypes. However, the OS of patients with quadruple-negative 
tumours showed a trend towards significance with a p-value of 0.062 (Figure 11), the 
quadruple-negative phenotype thus associating with a higher survival. There was no 
significant difference in DFS. The OS and DFS did not differ according to 
CK5/6/CK14/E-cadherin/p53 expression (data not shown). 
 
Figure 11. OS of young female breast cancer patients in Study IV for quadruple-
negative tumours (n = 26) vs. other phenotypes (n = 117). The OS of patients with 
quadruple-negative tumours showed a trend towards higher survival (p-value of 
0.062).  
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The studies’ population of 58 male breast cancer patients diagnosed with breast 
cancer during 1981–2006 at the Department of Oncology at HUH represents 89% of 
the 65 patients diagnosed with male breast cancer during that time in the Helsinki 
and Uusimaa areas.2 All male breast cancer tumours with known hormone receptor 
status (n = 47) were ER-positive, and 37 were PR-positive. In the literature, male 
breast cancer tumours are more often ER-positive compared with women, but PR 
levels are more similar in both genders.111 Two (11%) tumours of the 19 tested were 
HER2-positive, which is in line with previous reports112 and lower than in female 
breast cancer patients.113,114 
 
The vast majority of the tumours in male breast cancer patients were invasive ductal 
carcinomas (n = 55), as reported in other studies.115,116 In normal circumstances, 
there are no lobules in male breast tissue unless exposed to elevated concentrations 
of endogenous or exogenous estrogen. Thus, lobular carcinoma has been reported in 
men diagnosed with Klinefelter’s syndrome (XXY) but also in genotypically normal 
men.117,118 In this study, there were two lobular carcinomas: one in a patient with 
Klinefelter’s syndrome, and one in a patient with liver cirrhosis, both conditions 
known to increase estrogen levels. 

 
In male breast cancer patients in the present study, the median time from the onset 
of symptoms to diagnosis was six months. The long delay is probably due to the 
rarity and lack of knowledge of male breast cancer, both amongst patients and 
healthcare professionals. In female breast cancer patients, early detection is 
associated with an improved survival.119 Treatment delay and the effect it has on 
survival is, however, not completely comparable in male and female patients because 
women are screened for breast cancer. Research data on the possible impact of the 
delay on male breast cancer patients is conflicting: in earlier studies, a longer delay 
correlated to a worse survival, but in more recent reports, no prognostic effect has 
been detected.116,120,121 Nevertheless, updated information is needed, especially for 
general practitioners and also physicians who treat prostate cancer patients, since 
BRCA2 mutation carriers are at an increased risk of both prostate and breast cancer. 
Mammography was infrequently used, and it was conducted in only 30% of the 
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patients. This was probably due to the facts that most tumours were palpable and the 
absence of mammography screening in men.  

 
Amongst the male patients with known risk factors, 41% were obese, compared with 
20% on average amongst Finnish men, and 43% were heavy alcohol drinkers which 
is clearly higher than the 20% in the general Finnish male population 122. The 
frequency of liver cirrhosis in 7% of the patients can also be considered high. 
Previously, a history of bone fracture has been associated with an elevated risk of 
male breast cancer.19 This is possibly explained by an elevated ratio of bioavailable 
estrogen to androgen, resulting in low bone density and osteoporosis, similar to 
Klinefelter’s syndrome where low bone density is typical 19. However, a high number 
of patients had unknown risk factors, and the patient population was small; hence, 
these results should be taken with caution. 

 
In the Finnish population of the present study, the CHEK2 c.1100delC mutation was 
associated with an elevated risk for male breast cancer. No BRCA1/2 mutations were 
detected in patients carrying a CHEK2 c.1100delC mutation. CHEK2 mutations are 
known risk factors of female breast cancer.123 In female breast cancer patients with a 
positive family history for breast cancer, CHEK2 mutations have been observed at a 
5.5% frequency, which is comparable with the 5.6% amongst the male breast cancer 
patients in the present study, and higher than in unselected female breast cancer 
patients 78. The tumours in male CHEK2 c.1100delC carriers were ductal, ER-positive 
and high grade (2–3), similar to female carrier tumours.124 An elevated risk of 
prostate cancer has also been observed amongst CHEK2 c.1100delC mutation 
carriers,125 and an increased risk of metastatic prostate cancer has been proposed 105. 
 
Several studies have investigated the significance of CHEK2 c.1100delC mutation as 
a risk factor for male breast cancer.106,108,126–128 In three studies, an elevated risk of 
male breast cancer in CHEK2 c.1100delC mutation carriers was reported.77,107,108 The 
most recent, reporting a large American multi-gene panel study with 715 male breast 
cancer patients, showed a moderately elevated risk of male breast cancer (OR: 3.8, 
95% CI 1.7–7.8) 107. 
 
According to previous studies, the population frequency of CHEK2 c.1100delC varies 
widely, with the highest reported frequencies in the Netherlands (1.3–1.6%) and in 
Finland (1.1–1.4%).123 In 2004, in a previous study of Finnish male breast cancer 
patients, the CHEK2 c.1100delC mutation frequency was not significantly higher 
compared with the control population and had no effect on the age at diagnosis.106 In 
the previous study, a positive family history of female breast or ovarian cancer was 
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reported in only 10.5% of the patients. However, despite the smaller sample size, a 
significantly higher mutation frequency of CHEK2 c.1100delC was detected in the 
male breast cancer population here compared with population controls. The median 
age at diagnosis amongst CHEK2 c.1100delC mutation carriers was also younger 
than that of the patients in the whole population. Family history was known in 43 
patients, and every fourth one of these patients had a positive family history of 
female breast cancer. Similar results were reported in a Dutch study, with a 
significantly elevated CHEK2 c.1100delC mutation frequency compared with 
population controls (OR: 4.1, 95% CI 1.2–14.3, p = 0.05).108  Both studies suggest a 
four- to five-fold increased risk for male breast cancer for the mutation carriers. 
 
In the literature, in women, RAD51C and RAD51D mutations have been associated 
with an increased ovarian cancer risk86,93 and an increased risk for TNBC.96 
Truncating RAD51C mutations have previously been screened in 97 Italian male 
breast cancer patients and in an American multi-gene panel study of 715 male breast 
cancer patients, with no detected mutations.107,129 In the latter, one RAD51D 
mutation was observed. PALB2 mutations are associated with a significantly elevated 
risk of male breast cancer, but are relatively rare amongst male breast cancer 
patients in the US population.107  No RAD51C, RAD51D, FANCM, or PALB2 
mutations were detected amongst male breast cancer patients in the present study. 
This was not unexpected, considering the relatively low frequency of these mutations 
amongst unselected female breast patients and our small sample size. In women, 
mutations in these genes are associated with an increased risk for TNBC,96 whereas 
breast cancer in men is usually hormone receptor-positive. To better evaluate the 
contribution of RAD51C, RAD51D, FANCM and PALB2 mutations to male breast 
cancer susceptibility in the Finnish population, larger studies are warranted.  

 
In total, 90% of male breast cancer patients underwent axillary evacuation and 7% 
SLNB without evacuation, reflecting the earlier state-of-art treatment. Lately, also in 
male patients, SLNB has become practice. In fact, 60% of patients were treated with 
RT, with indications similar to female patients, and 64% of patients received 
hormonal therapy, which is currently lower than that of female postmenopausal 
patients. Of the patients receiving hormone therapy, all received tamoxifen, except 
for one patient who was treated with letrozole and goserelin. Tamoxifen is known to 
cause considerable side effects in men, and high, up to 20%, discontinuation rates 
have been reported,130 but it is the standard recommended systemic adjuvant 
therapy in male breast cancer.38 In men, 80% of circulating estrogens are the result 
of peripheral aromatization of androgens to estrogens. However, testicular estrogen 
production, independent of aromatase, accounts for the remaining 20%. 
Monotherapy with AIs is not recommended because it is associated with a lower 
survival compared with tamoxifen 131 and poses a risk of a feedback loop leading to 
elevated estrogen levels.132 
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Half of the male breast cancer patients had lymph node metastases, but only 20% 
received adjuvant chemotherapy, which can be considered low. This was mainly due 
to treatment protocols of the earlier decades, and some patients being elderly with a 
strongly hormone receptor-positive disease. Only one patient, of the two who tested 
positive for HER2 overexpression, received adjuvant trastuzumab. Currently, 
trastuzumab is recommended for all patients, male and female, with an HER2-
positive breast cancer who do not have a contraindication. 

 
A total of 24% of male breast cancer patients experienced a relapse, 40% of which 
were local. For distant metastases, the first-line therapy in most cases consisted of 
hormonal treatment and RT , which is the case also in postmenopausal women. 
Twenty-one patients (37%) died of breast cancer (n = 9) or other causes (n = 12) 
during follow-up. Stage-adjusted prognosis has previously been reported to be 
similar in both genders.133 The previous clinical report on male breast cancer at our 
institution in 1982 reported a five-year OS of 44%,120 which is lower than the 75% in 
the present study. This likely reflects the more effective treatment of today, given the 
similar principles to postmenopausal breast cancer, but is probably also due to an 
earlier diagnosis and men dying later of other causes. 

 
There is a 34% risk of any second cancer amongst male breast cancer patients,134 for 
example, melanoma and stomach cancer.135,136 Seven percent of the patients in the 
present study also had prostate cancer. There are conflicting studies on the 
association between male breast and prostate cancer. It has previously been reported 
that breast cancer risk is elevated in prostate cancer patients and vice versa,136,137 but 
in a more recent study, the incidence of prostate cancer in men with a history of 
breast cancer was not elevated.21 Contralateral breast cancer risk has also been 
reported to be increased in male breast cancer patients,135 but none were detected in 
the present study. 

 
A total of 174 women <35 years old were diagnosed in the HUH area during the study 
years,2 implying that our patient cohort with 164 patients in Study II in the age group 
is representative. In these young female breast cancer patients, we detected an excess 
of adverse prognostic factors: 65% of the breast tumours were high grade, and 40% 
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ER-negative, which is more frequent than the 15% and 18%, respectively, in Finnish 
breast cancer patients in general.138 Over half of the patients, compared with 34% of 
breast cancer patients in general, had lymph node metastases at diagnosis.139 
 
These findings are in line with the literature – breast cancer in young women has 
been described to be larger than in older women, more frequently ER-negative and 
more often locally advanced.3,4,6,140. In fact, 15–20% of breast cancer tumours in 
unselected patients are HER2 positive, as opposed to the 34% of those tested in this 
study. The proportion of TNBC tumours was similar to previous reports of young 
patients and BRCA1 mutation carriers141 and higher than the previously reported 15% 
in all age groups on average. 

 
Probably because only women 50–69 years of age are screened for breast cancer in 
Finland, all breast cancers in the young women of the present study were diagnosed 
due to symptoms. A palpable mass in the breast was the most frequent presenting 
symptom: 91% of the tumours were detectable by mammography and ultrasound. 
However, in 12 (6%) cases, the tumour could not be detected by imaging. Eleven of 
these tumours were palpable, which highlights the significance of the triple 
assessment of clinical examination, imaging and needle biopsy. In breast cancer 
patients under 35 years of age, the sensitivity of mammography has been reported to 
be 85%, and 88% for ultrasound.142 Only two patients underwent MRI. Currently, 
there is no evidence of an improved outcome with the addition of MRI in diagnostics, 
in neither young nor older women. It may, however, be beneficial in young breast 
cancer patients 40 years old or younger with very dense breast tissue or with a 
genetic predisposition, and in the current guidelines, it is recommended for young 
BRCA1/2 mutation carriers.143 

 
The reported frequency of positive family history of breast or ovarian cancer amongst 
the young female breast cancer patients of 50% was similar to that of other 
studies.144,145 Only 74 women, however, were referred to a clinical genetician, and 40 
of these patients were tested for a BRCA1/2 mutation. A BRCA1/2 mutation was 
detected in seven patients. Currently, it is recommended that all very young (aged 
<40) patients and those with a family history of breast cancer are referred to a 
clinical genetics consultation. 
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In the studied cohort of 143 young breast cancer patients, AR expression was found 
to have a significant prognostic effect. Surprisingly, AR positivity was associated with 
a worse OS and DFS in all patients. Similarly, ER positivity is associated with a 
higher survival in breast cancer in general, but in young patients it has been linked to 
a shorter survival.5,146,147  
 
The proportion of AR-positive breast cancer tumours of all breast cancers, 70–90%, 
is similar to that of the ER and PR. A positive prognostic effect of AR positivity on OS 
and DFS has been reported in several studies.148. The effect has been reported to vary 
according to ER expression status, with a better survival in patients with ER-positive 
tumours compared with ER-negative tumours.149,150 Further, a concordant receptor 
status (ER+AR+ or ER-AR-) has been reported to be associated with a better 
prognosis, as opposed to one that is discordant (ER+AR- or ER-AR+).151 AR 
positivity in HER2-positive tumours has been associated with a less aggressive 
tumour subtype.152 According to one hypothesis, in the presence of ER, AR interacts 
with estrogen response elements, which causes inhibition of ER-stimulated tumour 
growth, while when ER is absent, AR binds to AR elements and promotes tumour 
growth, functioning as an oncogene.153  
 
Only three out of the 29 (12%) TNBC tumours in our series of patients were AR-
positive. AR positivity amongst these patients was associated with a significantly 
shorter OS. After dividing all patients into subgroups according to AR/ER/PR/HER2 
status and comparing survival, we detected a trend towards a better survival in 
quadruple-negative breast cancer (QNBC). In the present study, the number of TNBC 
tumours that were AR-positive was small, but if the results can be confirmed in 
larger studies, AR could be used as a prognostic marker in TNBC.  
 
There is wide variation in the reported AR expression in the literature, from 6.6% to 
75%,150,154 probably because cut-offs vary from 1–10%, and sample sizes are relatively 
small. In one study, TNBC tumours with a basal-like phenotype were reported to 
have the lowest levels of AR expression (cut-off ≥1%)155 and in another, QNBC 
tumours (AR cut-off ≥1%) were more aggressive and had higher proliferative indices. 
156 Studies investigating the effect of AR positivity on OS and DFI in TNBC patients 
unselected for age have produced varying results.157–160. AR positivity has been linked 
to longer DFI and OS in TNBC patients with a >/= 1% cut-off,150 and >/= 2% in a 
report by Luo et al.161 In two other studies, both with a >/=10% cut-off, no prognostic 
effect in TNBC patients was found.149,162 A fairly recent study also suggests that 
hormone resistance in patients receiving endocrine therapy is induced by AR 
overexpression, and that AR inhibitors could restore hormone sensitivity.163 
 
No prognostic effect of p53 positivity was found in the present study. In the 
literature, p53 has been associated with a worse prognosis in TNBC patients 
unselected for age,164,165 although conflicting results have also been reported.166 In 
our sample, 48% of TNBC tumours were CK14 positive, and we did not detect an 
effect on OS or DFI, which is in line with previous studies.167 
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We found 62% of the breast cancer tumours of the young women in our study to be 
E-cadherin-positive. In breast cancer patients of all ages, 82.5% of tumours have 
been reported to be E-cadherin-positive.168 In TNBC, E-cadherin positivity is less 
common, with a reported range of 33–40%, which matches the 35% in the present 
study. No effect of E-cadherin positivity on DFI and OS was found, and expression 
levels did not differ in N0 vs. N positive, and triple-negative vs. non-triple-negative 
tumours. In some studies, no prognostic effect of E-cadherin positivity has been 
found, whereas in others, E-cadherin negativity has been associated with a shorter 
DFI and OS.169–171 Results may vary due to different antibodies used and widely-
ranging cut-offs from 5–70%.168,172  

 
Fifteen percent of the patients experienced locoregional recurrence, which can be 
considered high. Young age is an independent risk factor for increased locoregional 
recurrence,173,174 and the effect has been especially observed in luminal subtypes.175 
The risk of locoregional recurrence and contralateral cancer in young breast cancer 
patients treated with BCS is reduced by 50% with adjuvant systemic treatments.176 It 
has been estimated that one breast cancer death is preserved with every fourth 
prevented locoregional relapse.177 However, according to a meta-analysis including 
22,598 patients under 40 years old, no evidence exists that OS is improved in young 
patients treated with mastectomy as opposed to BCS (unless mastectomy is clinically 
indicated).178 No prospective randomized clinical trials exist on the subject. Present-
day guidelines recommend the combination of BCS and postoperative RT as the first 
option for young breast cancer patients.143  In the present study, we did not analyse 
the possible prognostic effect of locoregional recurrence and OS because of the short 
follow-up. 
 
Locoregional recurrence occurred most frequently in the ipsilateral breast, which 
was found in 15% of the patients after BCS. In the literature, the most significant risk 
factors for locoregional recurrence are young age and a high grade invasive ductal 
tumour, and patients with these tumour characteristics gain the biggest benefit of a 
radiation booster close to the tumour bed.179–181 The local recurrence rate after BCS 
in five years has been reported to be 10.2% and 19.5% with and without RT booster, 
respectively.182 Only 43% of the patients in the present study were treated with 
booster radiation therapy after BCS.  
 
Also, after mastectomy, young age is the only independent prognostic factor 
associated with increased locoregional recurrence risk,183 and the data supporting 
the benefit of RT after mastectomy is especially strong amongst young women.56 In a 
Danish study, the biggest survival advantage of locoregional relapse reduction after 
postmastectomy RT was seen, surprisingly, in the good prognosis group.184 In the 
present study, ipsilateral thoracic wall recurrence after mastectomy occurred in eight 
(6%) patients, seven of whom did not receive postoperative RT.  
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The five-year OS of young female breast cancer patients was 80%, and improved 
from the 70%, which was reported for similar Finnish patients diagnosed 20 years 
earlier185. It is noteworthy that adjuvant systemic therapy of several patients in this 
study differed from present-day guidelines. For example, of the patients who tested 
positive for HER2 amplification, only 38% were treated with trastuzumab, whereas 
currently it is recommended for all, because trastuzumab was not available during 
the first years of the study. Of the women with hormone receptor-positive tumours, 
23% were not treated with adjuvant endocrine therapy, as most of these had been 
diagnosed during the earlier years of the study. It is unclear why because hormone 
treatment was already widely accepted at the time. According to earlier guidelines, 
the adjuvant treatment of choice for early breast cancer was either endocrine therapy 
or chemotherapy, or starting from the turn of the century, a combination of the 
two.186 Taxanes and chemotherapy were included in breast cancer treatment in 2005.  
 
Considering possible reasons for such a high proportion not receiving chemotherapy, 
nine of the 18 patients were older than 65 years, five were diagnosed before the year 
2000, one had been diagnosed with schizophrenia, two had strongly receptor-
positive grade 1 tumours and one had two tumours.  
 
The OS of the young women in our study is lower than the five-year OS of 91% for 
Finnish breast cancer patients in general 2. Previously, young age was reported to be 
an independent risk factor for a poorer outcome.4,187 More recently, it has been 
demonstrated that the impact of age actually varies with different molecular 
subtypes.5,146,147,175 Young age is particularly prognostic in younger patients with 
luminal A and luminal B tumours, associating with a worse survival.8,188 It has also 
been found to be an independent risk factor for local recurrence and a shorter breast 
cancer specific survival especially with a luminal subtype.189 Worse survival in 
patients with luminal tumours has especially been observed in a cohort where 
tamoxifen was the only hormonal therapy option. More recently, data from SOFT 
and TEXT studies have emerged that support ovarian function suppression as a 
further option of hormonal therapy.190,191 In this study, the DFI was found to be lower 
in patients with hormone receptor-positive tumours. The OS curves differed in a 
similar manner several years after diagnosis, although the difference was not 
statistically significant at this point of the follow-up. We did not stratify the tumours 
into biological subtypes, but luminal breast cancer is typically ER-positive, and the 
hormone receptor-positive tumours very likely represent mostly the luminal 
tumours.  
 
In the present study, every fourth patient underwent OFS, treated with either 
goserelin or oophorectomy. According to current guidelines, in high-risk patients 
with hormone receptor-positive breast cancer who remain premenopausal after 
chemotherapy, the addition of a GnRH agonist or ovarian ablation is indicated and 
associated with a significantly reduced risk of recurrence. 143,192 GnRH agonists have 
also been reported to preserve ovarian function during chemotherapy, lowering the 
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risk of early menopause, which is a particularly important issue for young breast 
cancer patients.193 
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The five-year OS of male breast cancer has improved significantly over the last 25 
years. Currently, treatment of male breast cancer follows the guidelines of female 
postmenopausal breast cancer. However, perhaps partly due to the small size of the 
male breast, the diagnostics and especially a higher number of locally advanced 
tumours differ from females. Awareness of male breast cancer should be raised both 
in the general public and healthcare professionals to shorten the treatment delay. 
Further research is warranted regarding the optimal treatment of MBC. Prospective 
clinical studies to optimize the management of these patients are underway in the 
context of the EORTC 10085 - International Male Breast Cancer Program 194.  
 
We found that CHEK2 c.1100delC mutation is associated with an elevated risk for 
male breast cancer in the present study in Finnish population. Taking into account 
the similar results from the USA107 and the Netherlands,108 this finding suggests that 
CHEK2 should be included in genetic testing of male breast cancer, especially in 
populations with a known high prevalence of the mutations.  
 
Amongst young breast cancer patients, DFS was lower in patients with hormone 
receptor-positive disease. Locoregional recurrences occurred more frequently in 
patients treated with BCS. Seven of eight locoregional recurrences after mastectomy 
occurred in patients who did not receive RT. Currently, the benefit of post-
mastectomy RT has been proven, especially in young breast cancer patients,56 and 
current guidelines recommend it for patients with axillary lymph node metastases 
and/or with T3–T4 tumour.38 The OS of 80% in this patient population has 
improved but is still lower than the 89% of all women from the same time period. 
With the new and constantly evolving treatment modalities and guidelines 
specifically for young breast cancer patients, an even better outcome can be expected.  
 
AR positivity was significantly associated with a shorter OS and DFI in young 
women. However, larger studies are warranted to confirm AR as a prognostic factor. 
Patients with QNBC may have the best prognosis amongst young breast cancer 
patients.  
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