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Background

Around 5%–7% of breast cancer cases are diagnosed in women younger than 40, making it the leading cause of female cancer in the 25- to 39-year-old age group. Unfortunately, young age at diagnosis is linked to a more aggressive tumor biology and a worse clinical outcome. The identification of the mutational landscape of breast cancer in this age group could optimize the management.



Methods

We performed NGS analysis in paraffin blocks and blood samples of 32 young patients with breast cancer [<40 years] and 90 older patients during the period 2019 through 2021. All patients were treated in a single institution at the Oncology Department of “Alexandra” Hospital, Medical School, University of Athens, Greece.



Results

Breast tumors were characterized more frequently by HER2 overexpression [25% vs 18.9%], higher ki67 levels [75% vs 61%] and lower differentiation [71.9% vs 60%] in the younger group. PIK3CA [6/20; 30%] and TP53 [6/20; 30%] were the most frequent pathogenic somatic mutations identified in young patients, while one case of BRCA2 somatic mutation [1/20; 5%] and one case of PTEN somatic mutation [1/20; 5%] were also identified. PIK3CA mutations [16/50; 32%] and TP53 mutations [20/50; 40%] were the most common somatic mutations identified in older patients, however other somatic mutations were also reported (ATM, AKT, CHEK2, NRAS, CDKN2A, PTEN, NF1, RB1, FGFR1, ERBB2). As for germline mutations, CHEK2 [3/25; 12%] was the most common pathogenic germline mutation in younger patients followed by BRCA1 [2/25; 8%]. Of note, CHEK2 germline mutations were identified less frequently in older patients [2/61; 3%] among others [BRCA1 (2/61; 3%), ATM (2/61; 3%), APC (1/61; 1,6%) and BRCA2 (1/61; 1,6%)].



Conclusion

We here report the mutational profile identified via NGS in patients with early-onset breast cancer compared to their older counterparts. Although the sample size is small and no statistically significant differences were detected, we highlight the need of genetic testing to most patients in this subgroup.
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Introduction

Breast cancer remains the leading cause of cancer among females affecting more than 2 260 000 women worldwide in 2020 (1). Despite the recent advances in diagnosis and treatment, breast cancer remains a major disease burden accounting for 685000 deaths in both sexes and 6.8% of cancer-related mortality (1). Although breast cancer is predominantly a disease of aging, early-onset breast cancer has attracted great interest recently. Young age at diagnosis generally refers to women younger than 40, although the definition may vary between different studies (2–4). Around 5%–7% of breast cancer cases are diagnosed in women younger than 40, making it the leading cause of female cancer in the 25- to 39-year-old age group (2). Even among premenopausal women, the age group <40 years demonstrates an increased risk of breast cancer mortality (4). In the less developed regions like Africa and Middle East, this percentage rises up to 20% due to lack of effective screening. Of note, early childbearing seems to be a risk factor of breast cancer before the age of 35, mainly due to the transient increase in breast cancer risk that occurs around 2 to 7 years following pregnancy (5).

In general, young age at diagnosis is linked to a more aggressive tumor biology and a worse clinical outcome (2–6). Basal-like and HER2-positive tumors are more frequently diagnosed in young women with breast cancer [34.3% and 22% respectively] (2). Azim et al. also observed lower rates of luminal-A tumors [17.2%] compared to over 30% observed in patients aged over 40 (2). Nodal involvement [50%], multifocal disease [27%] and high tumor grade are some of the features more commonly found in younger patients (2, 3). In comparison to the older population, younger patients are diagnosed at a more advanced stage when breast symptoms are profound. These aggressive characteristics lead to an adverse prognosis and a higher mortality rate up to 1.5-fold compared to the older population (4, 7). An analysis of two trial groups, European Organization for Research and Treatment of Cancer (EORTC) and National Surgical Adjuvant Breast and Bowel Project (NSABP), indicated a higher risk of local recurrence in patients younger than 35 years (7).

Recent studies have made an important effort to assess the mutational landscape of breast cancer (8, 9). Specific mutations occur more frequently in this age group. TP53 mutation was the most common somatic mutation [33%] among young patients, followed by PIK3CA [24%] and GATA3 [~25%] somatic mutations. In addition, younger counterparts harbor BRCA1 germline mutations in a greater percentage than the general population [9.4 vs 0.2%] (10). Some studies however failed to confirm the association between the total number of somatic base substitution and the age at diagnosis (8, 9). Accordingly, Azim et al. found no significant differences in the pattern of somatic mutations between pregnant and non-pregnant patients (9). Next-generation sequencing (NGS) has enabled the detection of a broad spectrum of mutations and the characterization of the genomic profile of this population.

The identification of druggable gene mutations in patients with early-onset breast cancer could optimize treatment with novel compounds and enable genetic counselling for the remaining family members. In the era of NGS, multigene panels have become the standard testing option, even though incidental findings and variants with uncertain significance complicate conclusions (11). Apart from cascade testing of patients’ relatives, genetic testing allows the prevention of a second primary malignancy in cancer patients harboring pathogenic germline mutations. We performed NGS analysis in 32 young patients with breast cancer [<40 years] and 90 older patients. The aim of our study is to investigate the frequency and spectrum of pathogenic germline and somatic mutations using NGS in a population of young patients with breast cancer and to compare them with the mutations identified in the older counterparts.



Materials And Methods

122 women with histologically confirmed breast cancer that underwent NGS in paraffin blocks and blood samples during the period 2019 through 2021 were considered eligible for our study. All women were treated in a single institute at the Oncology Department of “Alexandra” Hospital, Medical School, University of Athens, Greece. An age cut-off of 40 years was used to divide patients into young and old age groups, as previously reported in the literature. Clinicopathological characteristics were retrospectively collected from the patients’ files including age at diagnosis, histological subtype (luminal A, luminal B, HER2-positive, TNBC), histological grade, ki67 expression and disease stage as classified by TNM classification system. Immunohistochemical (IHC) analysis was performed to quantify expression of human epidermal growth factor receptor 2 (HER2), hormone receptors (HR) and Ki67. Estrogen receptor (ER) and progesterone receptor (PR) were considered positive if tumors had more than 1% nuclear-stained cells. HER2 status was considered positive when graded as 3+, while 0 to 1+ were negative and 2+ was an inconclusive result and in situ hybridization (ISH) was performed in those cases to confirm positivity. Hormone receptor positive tumors characterized by ki67 expression of over 20% were considered as luminal B. This study was approved by the Institutional Review Board of the Alexandra General Hospital of Athens and performed in accordance with the ethical standards described in the Declaration of Helsinki. An informed consent form was obtained from each of the eligible patients.


FFPE DNA Sequencing

For breast cancer patients, formalin-fixed paraffin-embedded (FFPE) breast tissues derived from mastectomy, breast-conserving surgery or core biopsy before treatment administration and blood samples were analyzed. Paraffin-embedded breast tissues were cut at slices of 10Mm diameter. FFPE DNA was extracted with the QIAamp DNA FFPE Tissue and libraries were constructed using AmpliSeq for Illumina Comprehensive Panel v3 for the 58 targeted genes that are presented in Supplementary Table 1. The genotyping was performed using the Illumina platform (MiSeq, NextSeq500 or NovaSeq) with a median amplicon cover 500x for the 91.39% of the targeted regions. We evaluated predicted pathogenic mutations, based on combined variant characterization by IonReporter (v5.12) (Thermo Scientific) was used. An additional manual inspection was performed using data from OncomineReporter (v4.4) and relevant databases (CinVar, dbSNP, Ensemble, COSMIC, CIVIC, PharmGKB, OMIM, My Cancer Genome, Vasome etc).



Germline DNA Sequencing

Plasma blood samples were collected in Vacutainer tubes. Within 4 hours after collection, plasma was separated from whole blood samples through centrifugation for 10 min at 3000 rpm at room temperature and stored at −80°C until further use. Genomic DNA was extracted from whole blood using the QIAsymphony DSP DNA Mini Kit and used to prepare indexed libraries to target the sequence of 42 cancer predisposing genes using the Trusight Cancer Panel – Nextera DNA Flex Pre-Enrichment Library Prep (Illumina, San Diego, USA) (Supplementary Table 2). Libraries were qualitatively and quantitatively evaluated using a Fragment Analyzer (Advanced Analytical Technologies, Heidelberg, Germany) and sequenced on a MiSeq genetic analyzer (Illumina, Inc., San Diego, CA), according to the manufacturer’s protocols. Annotation was performed against the human reference genome GRCh38 using VariantStudio V.3 (Illumina). The validation of results was performed according to criteria of American College of Medical Genetics – ACMG (12) and NCCN guidelines.



Statistical Analysis

The statistical analysis was performed with STATA statistical software. Differences between age groups were examined by chi-square test and Fisher’s exact test for categorical variables. The threshold for statistical significance was set at p < 0.05.




Results


Clinicopathological Characteristics

Age at diagnosis and histopathological parameters (histological type, grade, ER/PR expression, HER2 expression, ki67, stage) in both age groups are summarized in Table 1. Mean age at diagnosis was 35.6 (SD; 4.61) in the young group and 56.94 years (SD; 9.76) in the older group. Invasive ductal carcinoma was the most frequent histologic type of tumor in both groups. Overall, there were no statistically significant differences between the two patient groups. However, tumors were characterized more frequently by HER2 overexpression [25% vs 18.9%], higher ki67 levels [75% vs 61%] and lower differentiation [71.9% vs 60%] in the younger group.


Table 1 | Clinicopathological characteristics of young (<40) and older (>40) women with breast cancer.



Table 2 summarizes the prevalence of the different molecular subtypes of breast cancer across the two groups. No statistically significant differences were reported between the two populations. Of note, luminal A subtype was more frequently identified in older women [18.75% vs 30%] compared to younger patients, while luminal B, HER2-negative subtype was more common in the younger group [43.75% vs 28.89%].


Table 2 | Intrinsic subtypes of breast cancer in younger (<40 years) and older (>40 years) women with breast cancer.



    

Germline Mutations

Pathogenic germline mutations were identified via NGS in 25 young and 61 old patients over 40 years of age. No statistically significant differences were identified. The most common pathogenic germline mutation in younger patients (<40 years) was CHEK2 [3/25; 12%] followed by BRCA1 germline mutation [2/25; 8%]. Other germline mutations identified in younger counterparts were BRCA2 [1/25; 4%] and TP53 mutation [1/25; 4%] (Table 3). Of note, c.470T>C was the most common CHEK2 genetic polymorphism detected (rs17879961) in two cases. All germline mutations detected by NGS in the young population are presented in Table 4.


Table 3 | Germline pathogenic mutations of young patients with breast cancer as determined by NGS analysis.




Table 4 | Somatic and germline mutations of young women (<40) with breast cancer as determined by NGS.



Pathogenic germline mutations identified in older patients are presented in Table 5. The most frequent germline mutations detected were BRCA1 [2/61; 3%], ATM [2/61; 3%] and CHEK2 [2/61; 3%] mutations. Other germline mutations detected less frequently were APC [1/61; 1,6%] and BRCA2 [1/61; 1,6%] mutations. All pathogenic and non-pathogenic germline mutations identified in the older (>40 years) population are presented in Table 6.


Table 5 | Germline pathogenic mutations of old patients (>40 years) with breast cancer as determined by NGS analysis.




Table 6 | Somatic and germline mutations of old women (>40) with breast cancer as determined by NGS.





Somatic Mutations

Pathogenic somatic mutations were identified via NGS in 20 young and 50 old patients. PIK3CA [6/20; 30%] and TP53 [6/20; 30%] were the most frequent pathogenic somatic mutations identified in young patients. Of note, the genetic variant c.3140A>G was the most common PIK3CA mutation identified (rs121913279). There was one case of BRCA2 somatic mutation [1/20; 5%] and one case of PTEN somatic mutation [1/20; 5%]. All pathogenic somatic mutations detected in the young subgroup are presented in Table 7. All somatic mutations both pathogenic and variants of unknown significance identified in young (<40 years) patients with breast cancer are presented in Table 4.


Table 7 | Somatic pathogenic mutations of young patients with breast cancer as determined by NGS analysis.



Pathogenic somatic mutations identified in older patients are presented in Table 8. No statistically significant differences were detected between the somatic mutations identified in young versus older patients. The most frequent somatic mutations include PIK3CA mutations [16/50; 32%] and TP53 mutations [20/50; 40%]. Other mutations detected by NGS include: ATM [1/50; 2%], AKT [2/50; 4%], CHEK2 [2/50; 4%], NRAS [1/50; 2%], CDKN2A [1/50; 2%], PTEN [1/50; 2%], NF1 [1/50; 2%], RB1 [1/50; 2%], FGFR1 [1/50; 2%] and ERBB2 [1/50; 2%]. The most common PIK3CA mutation in older patients was c.1633G>A p.Glu545Lys in chromosome 13 (rs104886003) [6/16], followed by c.3140A>G p.His1047Arg (rs121913279) [5/16] and c.1624G>A p.Glu542Lys (rs121913273) [2/16]. All pathogenic somatic mutations and somatic mutations of unknown significance identified in the older (>40 years) population are presented in Table 6.


Table 8 | Somatic pathogenic mutations of old patients (>40 years) with breast cancer as determined by NGS analysis.






Discussion

We here provide the mutational profile of younger patients with breast cancer below 40 years of age versus their older counterparts as determined via powerful next-generation sequencing (NGS) analysis. No statistically significant differences were observed between the histopathological characteristics and the intrinsic molecular subtypes of breast cancer between the two groups although the sample size of the entire cohort is relatively small and the data is limited. However, younger patients tended to present with HER2-overexpressing [25% vs 18.9%], highly proliferating [ki67 ≥ 20%: 75% vs 61%] and high grade [71.9% vs 60%] tumors in a higher percentage. In contrast, luminal A breast cancer was more frequently identified in older women [18.75% vs 30%] compared to younger patients. PIK3CA and TP53 were the most frequent pathogenic somatic mutations identified in both subgroups harboring around 30% of the cases analyzed. These results are in agreement with previous studies that report an incidence of PIK3CA and TP53 somatic mutations in ~25-30% of breast tumors (8, 13, 14). All of the other somatic mutations detected (ATM, AKT, CHEK2, NRAS, CDKN2A, PTEN, NF1, RB1, FGFR1, ERBB2, PTEN, BRCA2) were identified in a percentage <2% of breast tumors as previously reported in the literature (8, 14). Indeed, NGS studies have revealed that the majority of cancer genes are mutated at frequencies of less than 5 or even 2% revealing a “long tail” of rare yet recurrent breast cancer genes (14). The most common PIK3CA somatic mutation identified was c.3140A>G (rs121913279) in younger women, whereas c.1633G>A (rs104886003) was the one most frequently detected in older patients. The most common somatic PIK3CA mutations are c.1624G>A, c.1633G>A, c.3140A>G and c.3140A>T, accounting for more than 90% of all mutations (15).

As for germline mutations, the high prevalence of CHEK2 [3/25; 12%] and BRCA1/2 germline mutations [3/25; 12%] in younger patients (<40 years) is of clinical significance. It has been shown that BRCA1 mutation and CHEK2 mutations, especially the CHEK21100delC germline mutation occurs more frequently in younger patients. Approximately 2% of patients with breast cancer carry a BRCA1 mutation, but among young patients this percentage rises up to 6-7% (16, 17). In addition, BRCA1 mutation carriers tend to be diagnosed at younger ages than noncarriers (16, 17). It has been shown that CHEK2 germline mutation carriers are at increased risk of developing female breast cancer with a predisposition to ER-positive disease and colon cancer (18). CHEK2 is a tumor suppressor gene that encodes a serine/threonine kinase, the CHK2, that is involved in multiple cellular pathways such as DNA repair, cell cycle and apoptosis. Various aberrations in CHEK2 gene have been recorded, including 1100delC, I157T, R117G, I160M, G167R and G167A (19). The most common germline mutation identified in our study was c.470T>C (p.Ile157Thr). It has been shown that the I157T variant is associated with breast cancer [odds ratio (OR) 1.4; p=0.02], prostate (OR 1.7; p=0.002), kidney (OR 2.1; p=0.0006), colon (OR 2.0; p=0.001) and thyroid (OR 1.9; p=0.04) cancer (19). A two-fold risk for breast cancer in carriers of CHEK2 mutations compared with noncarriers has been reported with a lifetime risk of breast cancer of approximately 15% to 20% (20). The risk of developing breast cancer in CHEK2 mutation carriers is associated with family history and increases when the carriers have first- and second-degree relatives who are affected (21). Of note, the rate of CHEK2 germline mutations was higher in the younger population (<40) compared to the older subgroup [12% vs 3%]. Whether CHEK2 mutations could be associated with early-onset breast cancer should be further investigated.

A single case of TP53 germline mutation was detected in a patient that belonged to the young subgroup. Heterozygous germline TP53 variants are the genetic cause of Li-Fraumeni syndrome (LFS), a hereditary cancer predisposition syndrome associated with very early-onset female breast cancer, commonly occurring before 31 years. Our patient that carried the c.824G>A (rs863224451) TP53 germline mutation was diagnosed with locally advanced, non-luminal HER2-positive breast cancer at the age of 32 and had a positive family history with a mother diagnosed with uterine sarcoma and a father diagnosed with hepatocellular carcinoma. The c.824G>A pathogenic mutation located in coding exon 7 of the TP53 gene has been identified as a germline alteration in patients with LFS and has therefore been classified as pathogenic (22). In germline TP53 pathogenic variant carriers, breast cancer risk increases significantly after the second decade, rises up to 20%–30% under the age 31, reaches a peak between 25–35 years and drops after 40 years of age, while the cumulative risk reaches a plateau before 60 (23). Women who carry germline mutations in the TP53 gene have a cumulative risk of developing breast cancer of up to 85% by the age of 60, whereas approximately 5–8% of women presenting with breast cancer under 30 years old have a germline TP53 gene mutation. It has been shown that TP53 germline mutations are associated with tumors characterized by high grade, HER2 overexpression in 60%–83% of the cases and multifocality (23). Guidelines for surveillance of TP53 pathogenic variant carriers have incorporated the annual breast MRI from the age of 20 onwards, although the option of risk-reducing mastectomy may be discussed in certain cases. Overall, TP53 germline testing should systematically be applied on all patients diagnosed with invasive breast cancer or ductal carcinoma in situ (DCIS) before 31 years of age.

Two germline mutations were detected only in the older breast cancer patients but not in their younger counterparts: ATM [2/61; 3%] and APC [1/61; 1,6%] pathogenic mutations. In agreement with these results, there is evidence that ATM germline mutations are not associated with familial breast cancer or diagnosis at a younger age (24). ATM is the fifth DNA repair gene, together with BRCA1, BRCA2, TP53 and CHEK2 shown to be involved in breast cancer predisposition (25). The overall relative risk of breast cancer in carriers is estimated to be 2.23-3.9 according to previous studies and is higher (~4.9) in women under 50 years of age (25). Although the family history of breast cancer is slightly higher in ATM mutation carriers, there was no difference in the median age at diagnosis between ATM carriers (48.6 years) and patients without ATM mutation (48.9 years) (26). Indeed, in our cohort a single ATM germline mutation carrier was detected (1/86; 1.2%) that was over 40 years old. APC germline mutations account for the familial adenomatous polyposis (FAP) hereditary cancer syndrome that is characterized by the development of 100 to 1000 of colorectal adenomatous polyps. A germline APC mutation can be detected in approximately 80% of classic FAP cases, while 15% to 20% of FAP patients demonstrate de novo germline mutations. Our patient diagnosed with APC chr5: c.3920T>A (p.Ile1307Lys) germline mutation reported neither positive family history nor a co-existing colon or other GI malignancy. Indeed, one study that screened 1.462 sequential patients for multiple genes conferring inherited cancer predisposition reported incidental findings in 25 (1.7%) patients with little or no known personal or family history (27). APC germline mutations were detected in two patients with breast cancer and no family history or other malignancy resembling our results. However, the genetic polymorphism identified in our study c.3920T>A (p.Ile1307Lys) has been accused for increased risk for colorectal cancer in Ashkenazi Jewish patients (28).

Our study is characterized by certain strengths and limitations. The main strength of our study is the application of the powerful NGS analysis. NGS offers a revolutionary high-throughput method providing much shorter reads (~21 to ~400 base pairs) Instead of long reads generated from a PCR-amplified sample. This analysis enables the detection of not only high-penetrance genes with established clinical utility, but also genes with clinical significance that is less evident. The main limitation of our study is that it is confined to a single institution and thus the sample size is limited. The limited number of patients involved may account for the absence of statistical significance throughout the results reported. A multicenter study with a similar design could generate more robust scientific data. More studies with a larger sample size should be performed to confirm the above findings.

Overall, we here report the mutational profile of young females with breast cancer below 40 years of age compared to their older counterparts. No statistically significant differences were identified between the two groups, yet the sample size is relatively small to extract a safe conclusion. PIK3CA [6/20; 30%] and TP53 [6/20; 30%] were the most frequent pathogenic somatic mutations detected in this population, while CHEK2 [3/25; 12%] was the germline pathogenic mutation most frequently detected, especially the c.470T>C (rs17879961) gene polymorphism. Other common germline mutations were BRCA1/2 [3/25; 12%] and a single case of TP53 mutation [1/25; 4%]. Given the high incidence of pathogenic gene mutations, genetic testing of young patients with breast cancer could facilitate the therapeutic approach of the existing neoplasm, the prevention of secondary malignancies and the genetic counselling of their relatives.
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chr3: ¢.1633G>A p.Glu545Lys
chr3: ¢.1633G>A p.Glus45Lys
chr3: ¢.1633G>A p.Glu545Lys
exon10: ¢.1636C>A p.GIn546Lys
chr3: ¢.3140A>G p.His1047Arg
chr3: ¢.1624G>A p.Glu542Lys
chr3: ¢.1357G>A p.Glu453Lys
chr3: ¢.3140A>G p.His1047Arg
chr3: ¢.3140A>G p.His1047Arg
chr3: ¢.1633G>A p.Glu545Lys
exon2: ¢.115G>A p.Glu39Lys
chr3: ¢.1633G>A p.Glu545Lys)
chr3: ¢.3140A>G p.His1047Arg)
chr3: ¢.3140A>G p.His1047Arg
chr11: c.494T>G p.Leu165*
chr14 ¢.49G>A p.Glu17Lys
chr14: c.49G>A p.Glu17Lys
chr9: ¢.219_235del p.Gly74Serfs*81
chr22: c.470T>C p.lle157Thr
exon4: ¢.470T>C p.lle157Thr)
chr17: c.824G>A p.Cys275Tyr
chr17: c.536A>G p.His179Arg
chr17: c.797G>A p.Gly266Glu
chr17: ¢.722C>T p.Ser241Phe
exon8: ¢.853G>A p.Glu285Lys
exon7: ¢.742C>T p.Arg248Trp)
exon8: ¢.817C>T p.Arg273Cys
exon7: ¢.743G>A p.Arg248Gin
exon7: ¢.714_715insT p.Asn239Ter
exon7: ¢.743G>A p.Arg248Gin

exon3: ¢.85_86del p.Asn29GInfsTer13

exon6: ¢.638G>T p.Arg213Leu
chr17: c.559+1G>A

exon5: ¢.455C>T p.Pro152Leu
exon8: ¢.818G>T p.Arg273Leu
exon7: ¢.681_682insT p.Asp228Ter

exonB: ¢.626_627del p.Arg209LysfsTer6

exon7: ¢.742C>T p.Arg248Trp
chr17: c.614A>G p.Tyr205Cys
chr17: ¢.824G>A p.Cys275Tyr
chr10: ¢.853dup p.Glu285Glyfs*13
chrl: c.178G>A p.Gly60Arg

exon43: ¢.6590_6591del p.Phe2197fs
exon11: ¢.1064_1065del p.Arg355fs

exon19: ¢.2264T>C p.Leu755Ser
exon13: ¢.1731C>G p.Asn577Lys)

NCBI Genomes Browser
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Clinical Significance

Pathogenic

Pathogenic
Pathogenic

Pathogenic
Pathogenic

Pathogenic

Frequency

16

20
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PIK3CA ©.1624G>A p.Glus42Lys rs121913273 Pathogenic 6
©.3140A>G p.His1047Arg rs121913279
¢.1090G>A p.Gly364Arg rs1576935161
¢.3140A>G p.His1047Arg rs121913279 rs121913279
¢.3140A>G p.His1047Arg rs121913279) rs121913279
¢.3140A>T p.His1047Leu rs121913279
¢.1637A>G p.GIn546Arg -
TP53 ©.424_433del p.Pro142Cysfs*25 = Pathogenic 6
¢.488A>G p.Tyr163Cys rs148924904
¢.586C>T p.Arg196* rs397516435
C.743G>A p.Arg248GIn rs11540652
C.824G>A p.Cys275Tyr rs863224451
¢.990del p.GIn331Argfs*14 -
BRCA2 €.9290_9297del p.Cys3097Phefs*11 - Pathogenic 1

PTEN €.99_100ins p.Ala34fs - Pathogenic 1
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Characteristic Young women Older women Chi-
N=32 (N, %) N=90 (N,%)  square

p-value

Mean age at diagnosis, years 35.6 56.94
@.61) (9.76)

Stage at diagnosis p=0.101
A 5 (15.62%) 22 (24.44%)
B 0 (0%) 1(1.11%)
JIA 6 (18.75%) 17 (18.89%)
1B 5 (15.62%) 10 (11.11%)
/A 8 (25%) 10 (11.11%)
B 0 (0%) 6 (6.67%)
nc 6 (18.75%) 7 (7.78%)
vV 2 (6.25%) 17 (18.89%)
Histology p =1.000
Invasive Ductal Carcinoma 31 (96.9%) 84 (93.3%)
Invasive Lobular Carcinoma 1(3.1%) 5 (5.6%)
Other 0 (0.0%) 1(1.1%)
Hormone status p =0.493
Positive 25 (78.1%) 63 (70%)
Negative 7 (21.9%) 27 (30%)
ER status p=0.653
Positive 24 (75%) 62 (68.9%)
Negative 8 (25%) 28 (31.1%)
PR status p=0516
Positive 23 (71.88%) 57 (63.3%)
Negative 9 (28.12%) 33(36.7%)
HER2 status p =0.456
Positive 8 (25%) 17 (18.9%)
Negative 24 (75%) 73 (81.1%)
Grade
G1 1(3.1%) 8 (8.9%) p =0.456
G2 8 (25%) 28 (31.1%)
G3 23 (71.9%) 54 (60%)
Ki67 p=0.198
<20% 8 (25%) 35 (38.9%)

> 20% 24 (75%) 55 (61.1%)
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BRCA1 chr17: ¢.6467G>A p.Ala1823Thr rs80357212 Pathogenic 2
chr17: ¢.3157dup p.Glu1053Glyfs'7 rs397509042

CHEK2 chr22: ¢.470T>C p.lle157Thr 1517879961 Pathogenic 2
chr22: ¢.499G>A p.Gly167Arg rs72662322

ATM chr11: ¢.368del p.Tyr123Leufs*6 rs730881296 Pathogenic 2
chr11: ¢.368del p.Tyr123Leufs'6 rs730881296

BRCA2 chr13: ¢.5110_5113del p.Arg1704" rs879254123 rs879254123 Pathogenic 1

APC chr5: ¢.3920T>A p.lle1307Lys rs1801155 Pathogenic 1






