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Abstract
Purpose  A semi-annual surveillance scheme from age 25 to 30 years is offered to BRCA1/BRCA2 pathogenic sequence 
variants (PSVs) carriers for early detection of breast cancer (BC). There is a paucity of data on the yield of adhering to this 
scheme beyond 70 years of age.
Methods  Female BRCA1/BRCA2 PSV carriers followed at the Meirav high-risk clinic, Sheba Medical center, Israel were 
eligible. Type and frequencies if use of Imaging modalities, breast biopsies and histological outcomes for participants after 
age 70 years were retrieved and analyzed.
Results  Overall, the study encompassed 88 consenting participants (46 BRCA1 carriers) mean age ± SD 73.7 ± 3.3 years 
(range 70–90 years), followed for an average of 3.8 years (range 1–11 years). Ten carriers (11.3%) were diagnosed with BC 
after age 70 years (mean age at diagnosis 72 ± 2 years) and an additional case was diagnosed with breast lymphoma. The 
imaging modality that has led to most diagnoses was MRI (8/11 cases). Eight of these ten cases were previously diagnosed 
with BC prior to age 70 and in six, BC past 70 years was in the contralateral breast. The lesions size averaged 1.29 ± 0.75 cm, 
with IDC and DCIS diagnosed in five cases each, and none had lymph node involvement.
Conclusion  In ~10% of BRCA1/BRCA2 PSV carriers BC is diagnosed by breast imaging after age 70 years. If these results 
are validated in a larger study, the guidelines for the maximum age for BC surveillance in high risk women should be revis-
ited and set at 75 years.

Keywords  BRCA​ PSV carriers · Breast cancer risk · Early detection · Age limit for breast cancer surveillance

Introduction

Women harboring BRCA1 or BRCA2 (BRCA​) germline 
pathogenic sequence variants (PSVs) are at a substantially 
increased lifetime risk for developing breast cancer (BC) 

estimated at 72% and 69%, respectively [1], at times diag-
nosed at an early age—< 40 years. These high risk women 
are offered a surveillance scheme aimed at early detection 
of BC from age 25 to 30 years that is based on semiannual 
breast exam and breast imaging: mammograms alternating 
with breast MRIs [2]. While such a surveillance scheme is 
well established and is widely practiced worldwide in spe-
cialized high-risk clinics, there is no consensus or guide-
lines as to the upper limit of age above which such screening 
scheme should no longer be offered or practiced, and such an 
age limit, where it exists, varies by country and recommend-
ing body [3]. In a comprehensive analysis of the practices 
in several prominent countries, Madorsky-Feldman et al. [4] 
reported that maximal age for MRI and BC surveillance var-
ies from 69 to 80 years among surveyed countries, and most 
countries do not have an upper age limit of BC surveillance. 
Specifically, in Germany the upper age limit for BRCA​ car-
riers is 70 years [5]. Boddicker and co-workers [6] showed 
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that BRCA​ PSV carriers over age 65 years continue to be 
at increased BC risk, with an estimated residual risk of BC 
from age 66 to 85 years 18–20% (compared with 6.8% in 
the general population), with an odds ratios (OR) of 3.37 
and 2.62 for BRCA1 and BRCA2, respectively. These data 
suggest considering continued MRI screening beyond age 
70 years in BRCA​ PSV carriers.

The current study aimed at evaluating the yield of semi-
annual BC screening in Israeli BRCA​ carriers followed in a 
single high-risk clinic, by analyzing the BC rates and histo-
logical features diagnosed in these women above 70 years 
of age.

Materials and methods

The Meirav high-risk clinic at the Sheba Medical center, 
Tel-Hashomer, Israel is a dedicated female BRCA​ carriers’ 
clinic that has been operative since 2007. The surveillance 
scheme offered at this high-risk clinic follows mostly the 
American Cancer Society—ACS (https://​www.​cancer.​org/​
health-​care-​profe​ssion​als/​ameri​can-​cancer-​socie​ty-​preve​
ntion-​early-​detec​tion-​guide​lines.​html) and National Com-
prehensive Cancer Network NCCN (https://​www.​nccn.​
org/) guidelines. Briefly, all BRCA​ PSV carriers undergo 
biannual clinical breast examination from age 25 years, 
annual breast MRI starting at age 25 years, alternating with 
annual mammography and sonography starting at age 35 
years. Self-developed guidelines also include clinical breast 
examination and sonography every 3 months in pregnant 
and breastfeeding BRCA1/BRCA2 PSV carriers. All reg-
istered BRCA1/BRCA2 PSV carriers attending the Meirav 
high-risk clinic who were at or above age 70 years at any 
point in their semi-annual clinic visit were included in this 
study. Carriers who underwent bilateral risk reducing mas-
tectomy (BRRM) were excluded from the study. The study 
was approved by the ethics committee of the Sheba Medical 
Center, and given its retrospective nature and lack of direct 
patient contact, was exempt from obtaining participants’ 
specific written informed consent. Notably, all participants 
consented for the initial BRCA testing and data acquisition 
as part of the Oncogenetics counseling process and ongoing 
surveillance. Data were reviewed for all cases attending the 
clinic from January 2009 to January 2022, and included date 
of birth, type and location of the specific BRCA1 or BRCA2 
PSV, previous breast malignancy, year at joining the clinic 
and number of visits. In addition, number of mammographs, 
ultrasonograms (US), and MRIs performed during follow 
up, number and pathological results of all breast biopsies 
and the imaging modality used for obtaining the biopsy as 
well as the imaging modality that has shown an abnormality 
leading to biopsy, and recording other, non-breast malig-
nancies, risk reducing salpingo-oophorectomy, and age of 

that procedure. For those diagnosed with BC or non-breast 
malignancy during follow up and over the age of 70 years, 
the following additional data were collected: presenting 
symptoms, histopathological features of the breast tumor, 
lesion size and location, BIRADS score, and type of surgery.

Statistical analysis, mean and standard deviations of all 
relevant parameters for the descriptive statistical analyses 
were calculated by Student’s t test and chi square by using 
SPSS Statistics software (version 27.0, IBM).

Results

Cohort characteristics and follow up—A total of 97 
BRCA1/BRCA2 PSV carriers who were at or over age 70 
years during any time of their participation of the surveil-
lance scheme offered at the Meirav high risk clinic between 
2009 and 2022 were identified. Of these women, nine were 
excluded due to lack of pertinent medical data relevant to 
this study, thus leaving a final cohort of 88 participants: 46 
(52.2%) were BRCA1 PSV carriers and the rest (47.8%)—
carried a BRCA2 PSV. Most PSVs were one of the three 
predominant PSVs in Jewish Ashkenazi women—BRCA1 
{c.5266dupC (p.Gln1756Profs) [5382insC], c.66_67AG 
(p.Glu23fs) [185delAG]} and BRCA2 {c.5946del 
(p.Ser1982fs) [6174delT]}. Mean age of participants was 
73.7 ± 3.3 years (range 70–90 years). Of participants 48/88 
(54.5%) had BC diagnosed prior to age 70 years, mean age 
at first BC diagnosis was 57.7 ± 10.6 years, 47.9% (23/48) of 
these cases were BRCA1 carriers, 50% (24/48) are BRCA2 
carriers, with data on the precise mutant gene not available 
in one case. Most study participants (77–87.5%) underwent 
risk reducing salpingo-oohphrectomy at and median age of 
43 years (range 37–56 years). The cumulative person-years 
of follow up was 334 years, with a mean of 3.8 years per 
participant. Mean number of mammograms during follow up 
was 3 (range 0–12), MRIs—3.6 (range 0–10), and imaging 
guided biopsies—0.4 (range 0–4).

Cancer diagnoses at follow up—Of 88 study participants, 
10 were diagnosed with BC during the follow up at or after 
age 70 years (11.36%), and an additional participant was 
diagnosed with lymphoma of the breast (age 72). The fol-
lowing analysis is restricted only to those diagnosed with 
BC and excluding the breast lymphoma case. In the ten BC 
cases, mean age at diagnosis was 72.3 ± 2 years; five were 
IDC and 5—DCIS. The lesions had a mean diameter of 
1.29 ± 0.75 cm (range 0.5–2.8 cm) and none of the patients 
diagnosed with breast malignancy presented either with 
lymph node involvement or with distant metastasis. All but 
three cases had no palpable mass, and the most common 
diagnostic imaging modality was MRI (8/11). The mean 
number of mammograms during follow up was 4.5 (range 
2–10), the mean number of MRIs was 6.1 (range 1–9), the 
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mean number of imaging guided biopsies was 1.7 (range 
1–4). The most frequent modality of diagnosis was MRI 
(8/11), followed by US (2/11) and mammography (1/11). 
As to the modality of imaging guided biopsy, 5/11 patients 
underwent US guided biopsy, and same number of patients 
underwent MRI guided biopsy (45.5% each), only one 
patient underwent stereotactic core biopsy (9%).

Of the ten cases of breast malignancy diagnosed above 
age 70 years, eight had previous breast malignancy at 3–41 
years prior to the current diagnosis of BC and invariably 
were all deemed to be disease free at the start of the study. 
Furthermore, in 6/8 cases, the current breast malignancy was 
in the contralateral breast to the previously diagnosed BC.

The calculated incidence of BC in our cohort (= observed) 
is 946/100,000 women. The age standardized rate (ASR) 
for BC in the Jewish general population in the 70–74 age 
group (= expected) is 420.05/100,000 in Israel (https://​www.​
health.​gov.​il/​UNITS​OFFICE/​HD/​ICDC/​ICR/), a statistically 
significant difference (p = 0.0001), the relative risk (RR) is 
2.53 (95% CI 2.25–2.86) p < 0.0001. Relevant clinical and 
pathological details are provided in Table 1.

Discussion

In the current study, ~10% of female BRCA1/BRCA2 PSV 
carriers developed BC after age 70 years but none over 75 
years of age. These findings may have clinical implications. 
First, it supports the notion that for women in the 70–75 
year age group, being a BRCA​ carrier is still a risk factor for 
developing BC, and is associated with at least a doubling 
of the BC risk compared with non-carriers [7]. While life-
time risks for BC in BRCA​ mutation carriers are up to seven 
times that of the general population [8], these increased 
risks are not linear curve and are most pronounced in the 
younger age groups—i.e., under 55 years of age. Thus, these 
younger, higher risk women are offered the tight surveil-
lance scheme aimed at early BC detection that requires a 
semiannual physical exam and breast imaging [9, 10]. The 
uncertainty to what extent this scheme is still applicable for 
more advanced age BRCA​ carriers is reflected in part in the 
lack of consensus to the upper limit of the age at which such 
a heightened surveillance scheme should be continued rang-
ing from 69 years to no age limit [3]. Based on the results 
of the current study and the study by Boddicker et al. [6], 
and pending validation of the results presented herein, the 
upper age limit should be minimally set at 75 years of age 
and not earlier. Indeed, the statistically significant difference 
between observed:expected rates of BC in that population 
and the RR that is ~2.5 compared with age adjusted aver-
age risk population, further support the notion that these 
women should still be offered a BC surveillance scheme. 
Furthermore, previous studies that focused on penetrance Ta
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of BRCA PSVs in the older age group seem to support the 
results of the present study. Stjepanovic and coworkers [11] 
report that the cumulative BC rate and annual incidence 
rate in BRCA1 PSV carriers (n = 463) age 60–80 years fol-
lowed up for an average of 7/9 years were 20.1% and 1.8% 
and for BRCA2 PSV carriers (n = 236) these rates were 
17.3% and 1.7%, respectively. Another study [12] analyz-
ing women diagnosed with triple-negative BC above age 61 
years (n = 130), reported that of six BRCA1 and five BRCA2 
PSV carriers, three were diagnosed above age 70. Interest-
ingly one of those did carry the predominant Jewish muta-
tion in BRCA1 c.68_69del (AKA 185delAG). In a study that 
encompassed 69 BRCA carriers who were at least 75 years 
of age (14% Ashkenazi Jews) only 6 women were cancer 
free up to that age and of the 4 women who developed new 
cancer diagnosis after age 75 (all pancreatic cancer) 3 had 
pre 70 diagnosis of either BC or OvC. Notably none of the 
women who survived to be 90 years of age developed novel 
BRCA related cancer after age 75 years [13].

Most cancers in the current study were diagnosed pri-
marily by breast MRI at a relatively early stage, of up to 
T1N0M0 [11], none of the BC diagnosed cases had posi-
tive lymph nodes, and the average size for IDC was 1.29 
cm—a size that is assigned “small size” by international 
criteria (T1) [14]. Thus, detecting BC at these early stages 
and the small sized tumor, in all likelihood, minimized the 
need for an aggressive chemotherapy treatment. This should 
be taken into account when considering cost-effectiveness 
of BC screening by MRI in this population. Some national 
guidelines [e.g., NICE (https://​www.​nice.​org.​uk/​guida​nce/​
cg164/​chapt​er/​Recom​menda​tions (accessed on 5 June 2022), 
INCa (https://​www.e-​cancer.​fr/​Exper​tises-​et-​publi​catio​ns/​
Catal​ogue-​des-​publi​catio​ns/​Femmes-​porte​uses-d-​une-​mutat​
ion-​de-​BRCA1-​ou-​BRCA2-​Detec​tion-​preco​ce-​du-​cancer-​
du-​sein-​et-​des-​annex​es-​et-​strat​egies-​de-​reduc​tion-​du-​risque 
(accessed on 5 July 2022), SEOM [15], Belgian society of 
human genetics (http://​www.​colle​ge-​genet​ics.​be/​fr/​pour-​
les-​profe​ssion​nels/​recom​manda​tions-​et-​bonnes-​prati​ques/​
guide​lines.​html (accessed on 5 July 2022)] suggest stopping 
use of MRI screening in BRCA​ PSV carriers at ages 65–70 
years, given that the risk in the older age group is signifi-
cantly lower compared with younger carriers, and recom-
mend mammography as the only breast imaging modality 
that should be offered routinely. If the results of the current 
study are validated in a larger prospective study, these rec-
ommendations for the sole use of mammography as a breast 
imaging modality for older BRCA​ PSV carriers should be 
re considered.

This study has several limitations. First, this was a ret-
rospective study, and the results should be interpreted cau-
tiously, given the inherent limitations of a retrospective 
study design. Second, there was no internal control group, 
and BC incidence was compared to the reported incidence 

from the literature. Finally, the study cohort was relatively 
small as we included only BRCA​ carriers who adhered to BC 
screening scheme after age 70 years.

Conclusion

BC incidence in Israeli BRCA​ PSV carriers above the age of 
70 was higher in our cohort compared to the expected rate 
in the general Israeli population, all detected cancers were 
small with no lymph node involvement and mostly detected 
by MRI. If these results are confirmed and validated, it might 
be appropriate to continue BC screening in BRCA​ PSV carri-
ers primarily using MRI until the age of 75. Further prospec-
tive studies encompassing more carriers of diverse BRCA​ 
PSVs are urgently warranted.

Acknowledgements  We would like to thank the other team members 
of the Meirav high risk clinic.

Author contributions  HB: Data curation, formal analysis, writing–
original draft, and investigation. RF: Data curation and formal analy-
sis. OH-N: Data curation, formal analysis, and supervision. AS: Data 
curation, Formal analysis and supervision. MG: Formal analysis and 
supervision. DS: Formal analysis. YY: Data curation, Formal analysis. 
DMF: Data curation, Formal analysis and supervision. EF: Conceptu-
alization, resources, supervision, writing–review, and editing. MS-L: 
Conceptualization, resources, formal analysis, supervision, project 
administration, writing–review, and editing.

Funding  Open access funding provided by Tel Aviv University. The 
authors declare that no funds, grants, or other support were received 
during the preparation of this manuscript. The clinical service was car-
ried out at the Sheba medical Center, and the employer had no involve-
ment in the study design, data analysis or interpretation or writing of 
the manuscript.

Data availability  The data that formed the basis for this study are pro-
tected to ensure patient privacy by the IRB approval form.

Declarations 

Conflict of interest  The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethical approval  The study was approved by the ethics committee of 
the Sheba Medical Center, and given its retrospective nature and lack of 
direct patient contact, was exempt from obtaining participants’ specific 
written informed consent.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 

https://www.nice.org.uk/guidance/cg164/chapter/Recommendations
https://www.nice.org.uk/guidance/cg164/chapter/Recommendations
https://www.e-cancer.fr/Expertises-et-publications/Catalogue-des-publications/Femmes-porteuses-d-une-mutation-de-BRCA1-ou-BRCA2-Detection-precoce-du-cancer-du-sein-et-des-annexes-et-strategies-de-reduction-du-risque
https://www.e-cancer.fr/Expertises-et-publications/Catalogue-des-publications/Femmes-porteuses-d-une-mutation-de-BRCA1-ou-BRCA2-Detection-precoce-du-cancer-du-sein-et-des-annexes-et-strategies-de-reduction-du-risque
https://www.e-cancer.fr/Expertises-et-publications/Catalogue-des-publications/Femmes-porteuses-d-une-mutation-de-BRCA1-ou-BRCA2-Detection-precoce-du-cancer-du-sein-et-des-annexes-et-strategies-de-reduction-du-risque
https://www.e-cancer.fr/Expertises-et-publications/Catalogue-des-publications/Femmes-porteuses-d-une-mutation-de-BRCA1-ou-BRCA2-Detection-precoce-du-cancer-du-sein-et-des-annexes-et-strategies-de-reduction-du-risque
http://www.college-genetics.be/fr/pour-les-professionnels/recommandations-et-bonnes-pratiques/guidelines.html
http://www.college-genetics.be/fr/pour-les-professionnels/recommandations-et-bonnes-pratiques/guidelines.html
http://www.college-genetics.be/fr/pour-les-professionnels/recommandations-et-bonnes-pratiques/guidelines.html


285Breast Cancer Research and Treatment (2024) 205:281–285	

need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Kuchenbaecker KB, Hopper JL, Barnes DR et al, the BRCA1 and 
BRCA2 Cohort Consortium (2017) Risks of breast, ovarian, and 
contralateral breast cancer for BRCA1 and BRCA2 mutation car-
riers. JAMA 317:2402–2416. https://​doi.​org/​10.​1001/​jama.​2017.​
7112

	 2.	 Daly MB, Pal T, Berry MP et al (2021) Genetic/familial high-
risk assessment: breast, ovarian, and pancreatic, Version 2.2021, 
NCCN Clinical Practice Guidelines in Oncology. J Natl Compr 
Canc Netw 19:77–102. https://​doi.​org/​10.​6004/​jnccn.​2021.​0001

	 3.	 Dullens B, de Putter R, Lambertini M et al (2020) Cancer sur-
veillance in healthy carriers of germline pathogenic variants in 
BRCA1/2: a review of secondary prevention guidelines. J Oncol 
2020:9873954. https://​doi.​org/​10.​1155/​2020/​98739​54

	 4.	 Madorsky-Feldman D, Sklair-Levy M, Perri T et al (2016) An 
international survey of surveillance schemes for unaffected 
BRCA1 and BRCA2 mutation carriers. Breast Cancer Res Treat 
157:319–327. https://​doi.​org/​10.​1007/​s10549-​016-​3805-0

	 5.	 Yamauchi Y, Nakagawa C, Kobayashi M, Kobayashi Y, Mano T, 
Nakamura S, Arai M (2018) Cost-effectiveness of surveillance 
and prevention strategies in BRCA1/2 mutation carriers. Breast 
Cancer 25:141–150. https://​doi.​org/​10.​1007/​s12282-​017-​0803-y

	 6.	 Boddicker NJ, Hu C, Weitzel JN et al (2021) Risk of late-onset 
breast cancer in genetically predisposed women. J Clin Oncol 
39:3430–3440. https://​doi.​org/​10.​1200/​JCO.​21.​00531

	 7.	 Chen S, Parmigiani G (2007) Meta-analysis of BRCA1 and 
BRCA2 penetrance. J Clin Oncol 25:1329–1333. https://​doi.​org/​
10.​1200/​JCO.​2006.​09.​1066

	 8.	 Antoniou A, Pharoah PDP, Narod S et al (2003) Average risks 
of breast and ovarian cancer associated with BRCA1 or BRCA2 
mutations detected in case series unselected for family history: a 

combined analysis of 22 studies. Am J Hum Genet 72:1117–1130. 
https://​doi.​org/​10.​1086/​375033

	 9.	 ACR Appropriateness Criteria® (n.d.) https://​www.​acr.​org/​Clini​
cal-​Resou​rces/​ACR-​Appro​priat​eness-​Crite​ria. Accessed 31 Jul 
2022

	10.	 Saslow D, Boetes C, Burke W et al, the American Cancer Society 
Breast Cancer Advisory Group (2007) American Cancer Society 
guidelines for breast screening with MRI as an adjunct to mam-
mography. CA Cancer J Clin 57:75–89. https://​doi.​org/​10.​3322/​
canjc​lin.​57.2.​75

	11.	 Stjepanovic N, Lubinski J, Moller P et  al (2021) Hereditary 
Breast Cancer Clinical Study Group. Breast cancer risk after 
age 60 among BRCA1 and BRCA2 mutation carriers. Breast 
Cancer Res Treat 187(2):515–523. https://​doi.​org/​10.​1007/​
s10549-​020-​06072-9

	12.	 Chávarri-Guerra Y, Marcum CA, Hendricks CB et al (2021) 
Breast cancer associated pathogenic variants among women 61 
years and older with triple negative breast cancer. J Geriatr Oncol 
12(5):749–751. https://​doi.​org/​10.​1016/j.​jgo.​2020.​11.​008

	13.	 Salyer C, Kobelka C, Barrie A, Weintraub MR, Powell CB (2019) 
Clinical characteristics and outcomes in elderly women with 
BRCA1 and BRCA2 mutations. Gynecol Oncol 154(2):374–378. 
https://​doi.​org/​10.​1016/j.​ygyno.​2019.​05.​017

	14.	 Amin MB, Greene FL, Edge SB et al (2017) The Eighth Edition 
AJCC Cancer Staging Manual: continuing to build a bridge from 
a population-based to a more “personalized” approach to cancer 
staging. CA Cancer J Clin 67:93–99. https://​doi.​org/​10.​3322/​caac.​
21388

	15.	 González-Santiago S, Ramón Y Cajal T, Aguirre E et al, SEOM 
Hereditary Cancer Working Group (2020) SEOM clinical guide-
lines in hereditary breast and ovarian cancer. Clin Transl Oncol 
22:193–200. https://​doi.​org/​10.​1007/​s12094-​019-​02262-0

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1001/jama.2017.7112
https://doi.org/10.1001/jama.2017.7112
https://doi.org/10.6004/jnccn.2021.0001
https://doi.org/10.1155/2020/9873954
https://doi.org/10.1007/s10549-016-3805-0
https://doi.org/10.1007/s12282-017-0803-y
https://doi.org/10.1200/JCO.21.00531
https://doi.org/10.1200/JCO.2006.09.1066
https://doi.org/10.1200/JCO.2006.09.1066
https://doi.org/10.1086/375033
https://www.acr.org/Clinical-Resources/ACR-Appropriateness-Criteria
https://www.acr.org/Clinical-Resources/ACR-Appropriateness-Criteria
https://doi.org/10.3322/canjclin.57.2.75
https://doi.org/10.3322/canjclin.57.2.75
https://doi.org/10.1007/s10549-020-06072-9
https://doi.org/10.1007/s10549-020-06072-9
https://doi.org/10.1016/j.jgo.2020.11.008
https://doi.org/10.1016/j.ygyno.2019.05.017
https://doi.org/10.3322/caac.21388
https://doi.org/10.3322/caac.21388
https://doi.org/10.1007/s12094-019-02262-0

	Breast cancer diagnosed after age 70 years in Israeli BRCA1BRCA2 pathogenic sequence variant carriers: a single institution experience
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




