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Abstract: Introduction: Previous research has suggested, that primary breast cancer (PBC) and ovarian cancer 

(OC) risks can be modified by mutation location in BRCA1 gene. In this study we assessed and compared the 

risks of contralateral breast cancer (CBC) and OC after the event of PBC in carriers of regionally frequent BRCA1 

founder pathogenic variants (PV) c.5266dup and c.4035del. Subjects and Methods: In the analysis of CBC and 

OC risk, 1364 cases with BRCA1 PV and PBC were included. The control group consisted of 11350 consequent 

unselected and unscreened cases with PBC. The follow-up started at the time of PBC diagnosis and continued 

till the event of CBC or OC had occurred. The cumulative risks of CBC and OC were calculated using the 

Kaplan-Meier analysis. Risk factor for developing CBC/OC (age < 40 years) was calculated using cox 

proportional hazards model. Results: Cumulative 10 years risk of developing CBC was 3.0% in control group, 

and 20.1% in study group of BRCA1 carriers (log-rank p < 0.001). Cumulative risk of CBC at 10,15 and 20 years 

was  25.0%, 37.0% and 51.4% in PV c.5266dup subgroup, as opposed to 14.1%, 27.2% and 44.5% in PV c.4035del 

subgroup (log-rank p = 0.045).  Age younger than 40 years at the time of PBC was risk factor for CBC (hazard 

ratio 2.06, 95% CI 1.83-2.29, p < 0.001). Cumulative risk of developing OC at 10 and 15 years was 1.0% and 1.2% 

in control group, 10.8% and 16.8% for PV c.5266dup, 13.5% and 30.8% for PV c.4035del. There was difference 

in OC risks between control group and BRCA1 carriers (log-rank p< 0.001).  PV c.4035del showed higher risk 

of OC, compared to PV c.5266dup, however, this was of borderline statistical significance (log-rank p = 0.057).  

Age younger than 40 years at the time of PBC was not associated with any difference in future OC risks (hazard 

ratio 1.03, 95% CI 0.77-1.29, p = 0.23). Conclusion: The data of this study confirms previously established 

evidence that in cases of PBC the risk of future CBC and OC is increased significantly for BRCA1 carriers in 

comparison to general unscreened population. Moreover, BRCA1 PV c.5266dup is associated with higher CBC 

risk and possibly lower OC risk in comparison to BRCA1 PV c.4035del.  Age younger than 40 years at 

diagnosis of PBC is risk factor for CBC, but does not seem to alter the risk of OC. 
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Introduction 

All women with primary breast cancer (PBC) who are carriers of germline pathogenic variant 

(PV) of the BRCA1 (NM_007294.4; Homo sapiens BRCA1 ) gene, face high lifetime risk of contralateral 

breast cancer (CBC) as well as ovarian cancer (OC). According to published data, in BRCA1 carriers, 

the 10-year cumulative risk of CBC ranges from 10.4% to 41.5% and lifetime risk for OC ranges from 

34% to 59%. [1–10] The broad risk ranges reported in literature may be due to differences in study 
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designs, ascertainment process, number and age distribution of enrolled subjects, miscellaneous 

genetic modifying factors, as well as specific spectra of PV in various populations, especially ones 

with founder effect where only few PV types may dominate.  Little was known about the role of PV 

location in the BRCA1 gene before recent largest to date observational study led by Consortium of 

Investigators of Modifiers of BRCA (CIMBA) [11]. This study reported significant variations of PBC to 

OC risk ratio between pre-defined regions (bins) of mutation locations in the BRCA1 gene - breast 

cancer cluster regions (BCCR1 c.179 - c.505, BCCR2 c.4328 - c.4945, and BCCR2’, c.5261 - c.5563) and 

ovarian cancer cluster region (OCCR, c.1380 – c.4062). Moreover, another large group of investigators 

from Cambridge recently have shown that PVs of BRCA1 located outside the region bounded by 

positions c.2282 to c.4071 (also defined as OCCR) were associated with a significantly higher PBC risk 

compared to mutations within the region (hazard ratio 1.46, 95% CI 1.11-1.93, p = 0.007)[1]. Above 

mentioned studies used breast/ovarian risk ratio, to compare different PV’s without revealing if this 

is due to variations of only breast cancer risks, only ovarian cancer risks or both variables coexist.  

Moreover, these studies have compared risks of PBC and OC depending on the location of PV within 

BRCA1/2 genes. 

We propose a hypothesis that the risk of CBC is related to the risk of PBC and therefore should 

be higher for PV’s located inside BCCR cluster regions. The risk of OC after PBC could still be related 

to lifetime risk of OC (higher for PVs located in OCCR), with most OC’s diagnosed at later age than 

PBC. In this study we analyze BRCA1 carriers with PBC and aim to test this hypothesis, as they still 

constitute the majority of newly diagnosed BRCA1 carriers in our clinical practice.  To our 

knowledge, no previous study has focused on  the risk of CBC and OC following PBC in a similar 

PV location-related context The precise assessment of individual CBC and OC risk after PBC is 

important for making further surveillance and risk-reduction recommendations.  

According to previous research, the population of Latvia is dominated by two founder PV’s of 

the BRCA1, with c.5266dup being the most prevalent and c.4035del being second most prevalent, 

which combined together contribute up to 84% of all local BRCA1 PV cases in Latvia (PV c.5266dup 

constituting up to 50% and PV c.4035del up to 34% of all BRCA1 PV carriers) [12–14]. 

BRCA1 PV c.5266dup is a frameshift variant leading to a slightly truncated protein, located in 

the BCCR2 and therefore could be associated with relatively higher BC risks. It is also the most 

frequent PV in neighbor country Estonia and second frequent in neighbor country Lithuania 

(33%)[15,16] It is thought to have originated around 1800 years ago in either Scandinavia or what is 

now northern Russia and subsequently spread to various populations, including Ashkenazi Jewish 

population,  central and eastern Europe, Russia (90% - 96% of all BRCA1 PV) and Poland (51% of all 

BRCA1 PV )[17–19]  

BRCA1 PV c.4035del is a frameshift variant leading to nonsense-mediated mRNA decay (NMD) 

and is located in the OCCR, therefore potentially could be associated with relatively higher OC risk. 

It is the most frequent PV in Lithuania (53%) and second most frequent PV in Estonia (27%). This PV 

is also generally frequent in populations of central and eastern Europe [20] 

In previous smaller study from Latvia, authors found that the prevalence of PBC and OC cases 

(breast: ovarian cancer ratio) differs significantly among the carriers of the BRCA1 PV c.5266dup and 

c.4035del (OR = 2.98, 95%CI = 1.58 to 5.62, P < 0.001)[21]. Therefore, to test our hypothesis, we aim to 

compare the risks of CBC between these two above mentioned PVs. Additionally, we aim to test if 

there is any difference in future OC risks between those two PVs, once the diagnosis of PBC has been 

established.   To achieve higher statistical power, we had to maximize the volume of cases, 

especially PV c.4035del, therefore we combined data from the registry of Riga Stradins University, 

Institute of Oncology and Molecular Genetics, Latvia and International Hereditary Cancer Center, 

Department of Genetics and Pathology, Pomeranian Medical University, Szczecin, Poland. 

Young age at the diagnosis of PBC has been previously documented as independent risk factor for 

future CBC, therefore we decided to check if this holds true for our founder BRCA1 population [24]. 
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Subjects and Methods 

In the analysis we included cohort of unselected non-metastatic (Stage I – III) BRCA1 gene PV 

carriers with diagnosis of PBC.  “time to event” calculation was performed. The follow-up started at 

the time of PBC diagnosis and continued till the event of CBC or OC had occurred.  Censored cases  

were considered those, which did not score the event by the time of last follow-up, death or risk 

reducing procedure (contralateral risk-reducing mastectomy (RRM) for CBC risk/risk-reducing 

bilateral salpingo-ophorectomy (RRBSO) for OC risk), whichever occurred first.  The ipsilateral 

breast cancer and other tumors were not considered as events in this study. All cases with OC 

diagnosis prior to PBC were excluded. All subjects underwent genetic counselling and BRCA1 

founder PV testing. The study was approved by the Ethical Committee of Riga Stradins University. 

In the analysis of CBC risk, we included a total of 1408 cases. The cohort consisted of 239 

unselected cases from Latvia (diagnosed between years 1980 and 2023) and 1169  unselected cases 

from Poland (diagnosed between year 1978 and 2022),  We only included cases with metachronous 

CBC, which was defined as CBC not earlier than 6 months from the PBC. Consequently 47 

synchronous PBC cases were excluded. The remaining 1363 cases were included in the study. 

In the analysis of OC risk, we included only 239 cases from Latvia, as only for this cohort we had 

all essential data including RRBSO data available. 

The control group consisted of 11,350 consequent unselected cases  from Latvian Cancer 

Registry, diagnosed with PBC in 10 years period (between year 2009 and 2019), followed up till 

10/2022. The genetic testing data was not available for this cohort. Total of 9554 cases were enrolled 

in control group after exclusion of stage IV at the time of PBC, those who died from oncologic 

disorder within less than 6 months of PBC diagnosis, cases with OC diagnosed prior to PBC, as well 

as 165 cases of synchronous PBC. 

Statistical Analysis 

The cumulative risks of CBC and OC were calculated using the Kaplan-Meier type analysis, 

including “cumulative events” function.  The log-rank test was used to test the differences between 

groups. Age younger than 40 years at the time of PBC was used as binary variable (risk factor) and 

calculated using cox proportional hazards model. All statistical analysis was carried out using “R” 

(R Core Team. (2024). R:A language and environment for statistical computing)  and “Jamovi” (The 

jamovi project (2024). jamovi (Version 2.5) software.  

Results 

Risk of CBC  

In the CBC study group (n = 1363) we had 1187 cases with PV c.5266dup and 176 cases with PV 

c.4035del. Median follow-up time was 9.8 (0.6 - 32.0) years.  Mean age at diagnosis of PBC in BRCA1 

carriers was 45.5 (range 23.4-81.5) years, 45.2 years for PV c.5266dup and 47.5 years for PV c.4035del. 

In follow-up time, there were 305 events of CBC, constituting 22.4% of all cases. 

In PV c.5266dup subgroup, there were 279/1187 (23.5%) events and in PV c.4035del subgroup, 

there were 26/176 (14.7%) events, Table 1. 

Table 1. CBC Events Summary for Study and Control Groups. 

 N Censored Observed Events 

Control 9554 9368 186 

c.4035del 176 150 26 

c.5266dup 1187 908 279 

Over one third of cases, 478/1363 (35.1%) were younger than 40 years at the time of PBC and 

these cases had higher risk of future CBC (hazard ratio 2.06, 95% CI 1.83-2.29, p<0.001)  
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In control group (N = 9554), mean follow-up was 7.2 (0.6-13) years in which we observed 

186/9554 (1.9%) events of CBC.  

Cumulative 10 years risk of developing CBC was 3.0% in control group, and 20.1% in study 

group of BRCA1 carriers (log-rank p< 0.001). 

Cumulative risk of CBC at 10,15 and 20 years was  25.0%, 37.0% and 51.4% in PV c.5266dup 

subgroup, as opposed to 14.1%, 27.2% and 44.5% in PV c.4035del subgroup (log-rank p = 0.045), Figure 1. 

 

Figure 1. Commulative Risk of CBC After PBC in BRCA1 Carriers and Control Group. 

Risk of OC 

In OC study group we included 228 BRCA1 PV carriers with PBC. In 58 cases RRBSO was done 

at some time after PBC diagnosis.  Median follow-up time for OC study group was 7.8 (0.8-34) years, 

during which 27 (11.8%) events of OC were observed. Mean age at diagnosis of OC was 56.2 (range 

36-79) years,  55.3 for PV c.5266dup  and 58.1 for PV c.4035del.   

In control group (N = 9554), during median follow-up time of 7.2 (0.6-13) years, 52/9554 (0.53%) 

events of OC were observed.  

Cumulative risk of developing OC at 10 and 15 years was 1.0% and 1.2%  in control group,  

10.8%  and 16.8% for PV c.5266dup, 13.5% and 30.8% for PV c.4035del. There was clear difference in 

OC risks between control group and BRCA1 carriers (log-rank p< 0.001).  PV c.4035del showed 

higher risk of OC, compared to PV c.5266dup, however, this was of borderline statistical significance 

(log-rank p = 0.057), Table 2 and Figure 2.  Age younger than 40 years at the time of PBC was not 

associated with any difference in future OC risks (hazard ratio 1.03, 95% CI 0.77-1.29, p = 0.23) 

Table 2. OC Events Summary for Study and Control Groups. 

 N Censored Observed Events 

Control 9554 9502 52 

c.4035del 66 57 9 

c.5266dup 162 144 18 
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Figure 2. Commulative Risk of OC After PBC in BRCA1 Carriers and Control Group. 

Discussion 

The data of this study confirms previously established evidence, that in cases of PBC the risk of 

future CBC and OC is increased significantly in BRCA1 carriers as opposed to general unscreened 

population, and we have demonstrated this now with two locally and regionally prevalent PVs of 

BRCA1.  Our data of CBC in BRCA1 carriers and control group are generally in line with other larger 

European studies.  In a meta-analysis done by Swedish  group , which included 807 BRCA1/2 

mutation carriers and 3163 non-carrier  controls from eleven studies (7 cohort and 4 case–control 

studies), patients with BRCA mutations had a higher risk for CBC compared with non-mutation 

carriers (RR 3.56, 95% CI 2.50–5.08, p < 0.001). [4] In Dutch multicenter study of 6294 invasive breast 

cancer patients ≤50 years, the risk of CBC for BRCA1 carriers at a median follow-up of 12.5 years was 

shown to be more than 4 times higher compared to non-carriers (10-year cumulative CBC risks of 

21.1% for BRCA1 mutation carriers versus 5.1% for non-carriers) [22]. The findings were similar in a 

recent German multicenter study (total of 1,345 BRCA1 carriers and 4,195 BRCA1/2 noncarriers), 

where the 10-year cumulative CBC risk was 25.1% (95% CI 19.6–31.9) for BRCA1 carriers and 3.6% 

(95% CI 2.2–5.7) for non-carriers [23]. In this study we showed 10-year cumulative risks of CBC of 

20.1% in BRCA1 PV carriers and 3.0% in PBC population for whom BRCA status was unknown, but 

definetely contained some high risk cases. 

Moreover, in our study we managed to show significant differences in CBC risks between two 

types of PVs, PV c.5266dup being associated with higher CBC risk in comparison with PV 4035del. 

Our larger number cohort of PV c.5266dup improved accuracy for calculation of CBC risks, allowing 

to outline differences between both PVs with higher statistical power and confirmed our hypothesis. 

The two risk curves (PV c.5266dup, c.4035del) clearly diverge from the time of PBC and have 

tendency to converge again after 15+ years, however, much more cases in PV 4035del group are 

needed to see if this holds true. 

Our data from OC study subgroup suggests that PV c.5266dup could be associated with lower 

OC risk, as opposed to PV c.4035del. However, still rather small number of cases and events were 

included in this study subgroup, which leads to lower statistical power and harder to prove any 

significant differences between two groups. Although two curves seem to diverge from the beginning 

of time, the statistical power was not enough to conclude the real difference between them.  

Therefore, in future, studies with larger data sets are necessary to support the concept of OC risk 

modified by PV location, in the context of PBC affected BRCA1 carriers. 
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We can conclude, that once PBC diagnosis is established, BRCA1 PV c.5266dup is associated 

with higher CBC risk and possibly lower OC risk in comparison to BRCA1 PV c.4035del.  

Recommendations about risk reducing surgeries could be adjusted basing on this fact. 

According to our study, age younger than 40 years at diagnosis of PBC holds as independent 

risk factor for CBC in BRCA1 founder variant carriers, but does not seem to alter the risk of OC. 

Young age at the time of PBC has previously been reported as risk factor for developing CBC in 

BRCA1/2 carriers [24]. 
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