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Abstract
Purpose A personalized approach to prevention and early detection based on known risk factors should contribute to early 
diagnosis and treatment of breast cancer. We initiated a risk assessment clinic for all women wishing to undergo an individual 
breast cancer risk assessment.
Methods Women underwent a complete breast cancer assessment including a questionnaire, mammogram with evaluation of 
breast density, collection of saliva sample, consultation with a radiologist, and a breast cancer specialist. Women aged 40 or 
older, with 0 or 1 first-degree relative with breast cancer diagnosed after the age of 40 were eligible for risk assessment using 
MammoRisk, a machine learning-based tool that provides an individual 5-year estimated risk of developing breast cancer 
based on the patient’s clinical data and breast density, with or without polygenic risk scores (PRSs). DNA was extracted 
from saliva samples for genotyping of 76 single-nucleotide polymorphisms. The individual risk was communicated to the 
patient, with individualized screening and prevention recommendations.
Results A total of 290 women underwent breast cancer assessment, among which 196 women (68%) were eligible for risk 
assessment using MammoRisk (median age 52, range 40–72). When PRS was added to MammoRisk, 40% (n = 78) of patients 
were assigned a different risk category, with 28% (n = 55) of patients changing from intermediate to moderate or high risk.
Conclusion Individual risk assessment is feasible in the general population. Screening recommendations could be given 
based on individual risk. The use of PRS changed the risk score and screening recommendations in 40% of women.
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Introduction

Breast cancer death rates have been decreasing in the past 
20 years in most European countries [1, 2], due to ear-
lier detection and improved treatments. Mammographic 

screening has been shown to reduce death from breast can-
cer by approximately 20% [3]. In France, biennial mam-
mographic screening is recommended for women aged 
50–74 years without specific high risk, although the risk of 
developing cancer varies among average-risk women accord-
ing to known risk factors, such as mammographic breast 
density, family history of breast or ovarian cancer, endocrine 
exposures, lifestyle patterns, and history of benign breast 
disease [4–8]. Breast density has been shown to be a strong 
risk factor for breast cancer, as women with very dense 
breasts are as much as 4–6 times more likely to develop 
breast cancer than those with low breast density [9–13]. In 
addition, genome-wide association studies (GWAS) have 
identified common genetic variants, mostly single-nucleo-
tide polymorphisms (SNPs) known to increase breast cancer 
risk. Although each variant only confers a small risk, their 
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combination in a polygenic risk score (PRS) are predictive 
of the risk of developing cancer in those without a family 
history [14–16]. A personalized approach to prevention and 
early detection based not only on age but also on various risk 
factors is a promising strategy, as it should adapt the screen-
ing intervals and modalities depending on the woman’s indi-
vidual risk and contribute to early diagnosis and treatment 
of breast cancer at an early and curable stage [8].

Several risk prediction models have been developed based 
on known risk factors, such as Gail [17, 18], Claus [19], 
BRCAPRO [20], Tyrer–Cuzick [21], and the Breast and 
Ovarian Analysis of Disease Incidence and Carrier Estima-
tion Algorithm (BOADICEA) [22–26] models. The addition 
of breast density and PRSs has been shown to improve the 
performance of existing breast cancer risk prediction tools in 
the general population [27–30]. Lifestyle-related factors are 
also associated with breast cancer risk and are actionable, 
in contrast to family history, breast density, or SNPs. It has 
been shown that an overall healthy lifestyle may reduce the 
impact of genetic risk factors on breast cancer [31]. Indi-
vidualized risk assessment may also be an opportunity to 
advise women on a healthier lifestyle. However, data are still 
limited on the feasibility of individual risk assessment in the 
general population of women undergoing routine screening 
mammography.

Since January 2019, we have implemented a risk assess-
ment clinic for all women wishing to undergo an individual 
breast cancer risk assessment. We report here our experi-
ence using a risk assessment tool targeted for presumed 

average-risk women. We also assessed whether PRS changed 
the risk classification in our study sample.

Patients and methods

Patients

The risk assessment clinic was open to all women wishing to 
have their individual risk assessed. For women without spe-
cific known high risk, the risk assessment tool MammoRisk 
(Predilife, Villejuif, France) was used. Women aged 40 or 
older, with no more than one first-degree relative with breast 
cancer diagnosed after the age of 40 were eligible for risk 
assessment using MammoRisk. Women previously identified 
as high risk, those who received chest irradiation (Hodgkin’s 
disease), those with a personal history of breast cancer, atyp-
ical hyperplasia, or lobular carcinoma in situ, and those with 
a strong family history of breast or ovarian cancer (Fig. 1) 
were not eligible for risk assessment using MammoRisk. For 
those with a strong family history of breast cancer, a genetic 
consultation was proposed and other risk assessment tools 
(Tyrer–Cuzick or BOADICEA) were used, depending on the 
Eisinger score [32].

Patient pathway

Women scheduled an appointment at the Women’s Risk 
Institute at the American Hospital of Paris and underwent 

Fig. 1  Risk assessment flowchart. LCIS lobular carcinoma in situ
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a complete breast cancer assessment, including a question-
naire, mammogram with evaluation of breast density, con-
sultation with a radiologist who explained the mammogram 
and risk assessment, and a breast cancer specialist. The 
breast cancer specialist was either a medical oncologist, a 
gynecologist, or a general practitioner trained in breast can-
cer care. Women came on their own initiative were referred 
by their physician or gynecologist or found out about the risk 
assessment clinic through annual check-up programs offered 
by their employers or health insurance. The complete breast 
cancer assessment took about 2 h per patient in a dedicated 
area. The patient was guided by a nurse navigator throughout 
the process. Women who were eligible for risk assessment 
using MammoRisk also provided their saliva sample during 
the visit for PRS assessment. All patients provided written 
consent form.

The visit concluded with a consultation with a breast can-
cer specialist for a clinical examination, lifestyle question-
naire review, explanation about risk factors, how risk score 
is calculated using MammoRisk, and general prevention 
recommendations. Three weeks after the appointment, the 
content of the MammoRisk report based on the individual 
5-year estimated risk was communicated to the patient by 
mail, phone, or teleconsultation, depending on the patient’s 
request. The report included a personal risk assessment, 
comparison with the general population, individualized 
screening program and prevention recommendations, in 
terms of diet, physical activity, alcohol consumption, and 
hormonal treatments (birth control and menopause hormone 
replacement therapy)(Report examples are shown in Sup-
plementary Fig. 1).

The complete pathway could also be proposed remotely, 
in which case following a first teleconsultation with a nurse 
who fills the questionnaire and provides explanation on the 
self-collection of saliva, the saliva collection kit was sent to 
the patient. The patient then sent the self-collected saliva, 
a recent (< 1 year) mammogram report, mammograms, and 
consent form. The MammoRisk report with screening and 
prevention recommendations was communicated to the 
patient in a second teleconsultation with a breast cancer 
specialist.

Appointments for subsequent screening follow-up were 
made on patient’s request.

PRS

DNA was extracted from saliva samples for genotyping of 
76 SNPs using TaqMan® SNP Genotyping Assay [33]. The 
PRS was calculated using published per-allele odds ratio 
corresponding to the SNP associations with breast cancer. 
As the PRSs have only been validated in women of Cau-
casian ancestry [14, 33–38], it was incorporated in Mam-
moRisk only for women of Caucasian origin.

Risk assessment

MammoRisk is a machine learning-based risk assessment 
tool developed on the US Breast Cancer Screening Con-
sortium (BCSC) cohort [39–41] that provides an individ-
ual 5-year estimated risk of developing breast cancer based 
on four characteristics (the patient’s age, family history 
of breast cancer, history of breast biopsies, breast den-
sity), with or without PRS. This tool was shown to provide 
similar discrimination (area under the curve for discrimi-
nation of 0.659, 95% confidence interval [CI] 0.65–0.67 
vs. 0.656, 95% CI 0.65–0.66 for BCSC), and calibration 
(ratio of expected to observed breast cancer cases 1.00, 
95% CI 0.98–1.02 vs. 0.94, 95% CI 0.92–0.96 for BCSC) 
to the BCSC model on the BCSC cohort [42]. Along with 
the Tyrer–Cuzick score and the PRS based on 313 breast 
cancer-associated variants, it is used as a component of 
the risk assessment platform of MyPeBS, a multi-country 
randomized trial of personalized breast cancer screening in 
Europe [43]. Breast density was estimated using a software 
tool, DenSeeMammo (Predilife, Villejuif, France) [44]. 
MammoRisk and DenSeeMammo are both manufactured 
by the same company. The risk score with PRS was com-
municated to the patients. For women of other ethnicities, 
PRS was only analyzed for investigational purposes and 
not used for actual risk assessment. We report here only on 
those who underwent risk assessment using MammoRisk 
with PRS.

The risk at 5 years was classified into four categories 
established based on available guidelines [43]: moder-
ate risk, < 1%, intermediate risk, 1–1.66%, high risk, 
1.67–5.99%, and very high risk ≥ 6%. The recommenda-
tions by default for each category were as follows, but 
were adapted to the benefit and risk assessment of each 
patient by the breast cancer specialist: for moderate risk, 
mammography exam every 2 years and ultrasound if breast 
density C or D from age 50; for intermediate risk, mam-
mography exam every 2 years and ultrasound if breast 
density C or D from age 40; for high risk, mammography 
exam every year and ultrasound if breast density C or D 
from age 40; and for very high risk, mammography exam 
and magnetic resonance imaging (MRI) every year from 
age 40. An annual clinical examination was recommended 
regardless of the risk category.

Patients directed to oncogenetic consultation were 
proposed a multigene panel test, including BRCA1/2. If 
a mutation in one of the genes of the panel was detected, 
then specific recommendations were discussed with the 
patient. If not, the woman’s risk was evaluated using 
Tyrer–Cuzick or BOADICEA risk scores and specific 
recommendations were proposed according to the result.
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Statistical analysis

We compared the risk category assigned to each woman 
using MammoRisk with and without PRS and analyzed 
whether the use of PRS modified clinical recommendations.

Results

Patient characteristics

A total of 290 women underwent breast cancer assessment 
between January 2019 and May 2021. Analysis was per-
formed on 196 women (68%) who were eligible for risk 
assessment using MammoRisk with PRS. Ninety-four 
women were not eligible for risk assessment using Mam-
moRisk with PRS for the following reasons: less than 
40 years of age (n = 12), history of atypical hyperplasia 
(n = 2), directed to oncogenetic consultation (n = 13), non-
Caucasian origin (n = 35), or considered for Tyrer–Cuzick 
risk assessment (n = 32). The patient characteristics of the 
196 women who underwent risk assessment using Mam-
moRisk are shown in Table 1.

Risk assessment

Following risk assessment using MammoRisk without 
PRS, 16% (n = 32) were classified as moderate risk (< 1%), 
53% (n = 103) as intermediate risk (≥ 1 and < 1.67%), 31% 
(n = 61) as high risk (≥ 1.67 and < 6%), and 0% (n = 0) as 
very high risk (≥ 6%). Median risk score (estimated risk at 
5 years) was 1.5 (range 0.3–3.7). When PRS was added to 
MammoRisk, 25% (n = 48) were classified as moderate risk 

(< 1%), 33% (n = 65) as intermediate risk (≥ 1 and < 1.67%), 
42% (n = 83) as high risk (≥ 1.67 and < 6%), and 0% (n = 0) 
as very high risk (≥ 6%), and corresponding screening and 
prevention recommendations were given to the patients. 
Median risk score with PRS was 1.5 (range 0.2–4.7). The 
proportions of patients in each risk category assigned by 
MammoRisk with and without PRS are shown in Fig. 2.

A total of 40% (n = 78) of patients were assigned a dif-
ferent risk category when PRS was added to MammoRisk. 
Importantly, 28% (n = 55) of patients changed from inter-
mediate risk to moderate or high risk. The distribution of 
the risk scores with and without PRS are shown in Fig. 3. 
Analysis showed that PRS was independent of family his-
tory and breast density (Figs. 4, 5). Twenty-four patients (8 
patients when not using PRS) had a 5-year risk of ≥ 3%, a 
threshold for chemoprevention in the USA. [45].

Discussion

We reported here the feasibility of a risk assessment clinic 
in the general population. Screening recommendations could 
be given based on individual risk. The use of PRS changed 
the risk score and monitoring and prevention recommenda-
tions in 40% of women, 28% being classified from interme-
diate to moderate or high risk.

Depending on the calculated risk, types and frequen-
cies of screening exams that were adapted to individual 
risk could be recommended to the patients, which could be 
biennial mammography from age 50 for women with mod-
erate risk and annual mammography and ultrasound for 
high-risk women. A regular examination by the gynecolo-
gist was recommended to all women regardless of their risk 
category, and modifiable lifestyle factors were discussed. 
Patients were also explained that their risk will change 
over time and that any new event may change their risk and 
individualized screening recommendations, which should 

Table 1  Patient characteristics (n = 196)

*First-degree family history, except for "2 and more," which refers to 
first- and second-degree relatives

Characteristics

Median age (min; max) 52 (40–72)
History of benign breast biopsy (n, %)
 Yes 26 (13.3)
 No 170 (86.7)

Family history of breast cancer* (n, %)
 0 130 (66.3)
 1 63 (32.1)
 2 and more 3 (1.5)

Breast density (n, %)
 A 6 (3.1)
 B 51 (26.0)
 C 114 (58.2)
 D 25 (12.8)

Fig. 2  Proportions of patients assigned to risk categories using Mam-
moRisk with and without PRS (%)
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be reviewed at least every 5 years (See Supplementary 
Fig. 1). When patients were found to be at high risk, addi-
tional exams could be performed. We had a case of a patient 
who could have a diagnosis made at an early stage because 
she was assessed to be at high risk using MammoRisk: the 
gynecologist performed a careful clinical examination at the 
follow-up visit 1 year after risk assessment and detected a 
small swelling in the axilla with a benign appearance, which 

appeared as a benign swelling on mammogram and ultra-
sound. This would normally not have led to further investi-
gation, but because of her high risk, an axillary biopsy was 
performed and confirmed a positive axillary lymph node 
with grade 3 invasive ductal carcinoma, triple negative. MRI 
confirmed a 3 mm lump in the breast. Because of personal-
ized risk assessment, diagnosis could be made at a very early 
stage. We have also had patients less than 50 years of age 

Fig. 3  Distribution of risk 
scores with and without PRS

Fig. 4  PRS and risk scores 
according to family history of 
breast cancer
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assessed to be at moderate risk, to whom we could safely 
say that their risk scores do not justify beginning screening 
exam before the age of 50 and recommend a screening exam 
every 2 years from the age of 50.

Many patients came on their own initiative, wishing to 
know their individual risk and have personalized prevention 
measures, especially regarding hormonal treatments (birth 
control or menopause hormone replacement therapy). For 
intermediate to high-risk patients, non-hormonal options 
were recommended. Other patients found out about the risk 
assessment clinic through the hospital’s imaging depart-
ment and gynecologists. However, there needs to be even 
more information and communication on the program and 
the existence of preventive measures. Overall, the meth-
odology of evaluating individual risk was well understood 
by the patients, who were very interested in the means to 
control the risk, especially in terms of diet. There was a 
need to clearly explain the difference, however, between 
the individual genetic risk (PRS) and hereditary risk (e.g., 
BRCA), especially to those with a family history of cancer. 
Patients classified as high risk understood the need for close 
surveillance. The patient pathway was smooth and did not 
require adjustments. Of note, risk assessment was conducted 
remotely in about 10% of patients, which was in demand 
especially since the beginning of the COVID-19 pandemic.

Individual risk assessment consultations in the general 
population have been reported using different risk assess-
ment tools. The Riviera study (NCT02997384) [46] evalu-
ated the feasibility of a consultation dedicated to inform-
ing women about their risk of breast cancer and screening 
recommendations during a routine consultation at a gen-
eral practitioner, a gynecologist, or a radiologist, using 
MammoRisk, in France. Ninety-seven percent of women 
(n = 434) accepted to have their risk assessment, indicating 
that personalized risk assessment and delivery of screening 

recommendations were feasible in community practices and 
accepted by the majority of patients and anxiety at 48 h was 
limited. A recent report from a hospital in France, which 
has been implementing a risk assessment consultation for 
all women aged 18 and older using the Tyrer–Cuzick model 
and MammoRisk, reported their initial experience on 164 
women. Sixty percent of women had a change in screening 
methods following risk assessment and 98% reported to be 
satisfied or very satisfied with the consultation [47].

This study has several limitations. This is a single-
center experience with a small sample size. In addition, 
women attending the risk assessment clinic, either on their 
own initiative or upon recommendation by their medical 
practitioner, tended to present more risk factors (previous 
breast biopsies, family history of breast cancer). Indeed, 
among those who underwent risk assessment using Mam-
moRisk, the proportions of women who had a previous 
benign breast biopsy and those with a first-degree family 
history of breast cancer were higher (26% vs. 6% and 63% 
vs. 11%, respectively) compared to a French screening 
cohort [42]. Also, 19% of women aged 40 or older were 
not eligible for MammoRisk, as they either had a history 
of atypical hyperplasia or a strong family history, which 
is likely much higher than the proportion in the general 
population. The findings may therefore not be generaliz-
able to the general population. Nevertheless, it shows that 
personalized risk assessment meets a real need for those 
who are aware of their breast cancer risk and wish con-
crete screening and prevention recommendations. Also, 
we did not use different risk assessment tools in this study 
to compare the estimates, as the study’s objective was to 
assess the feasibility of a risk assessment clinic using one 
tool for each target population. Another study used Mam-
moRisk and Tyrer–Cuzick for a proportion of patients and 
found that the assigned risk category was the same in 39% 

Fig. 5  PRS and risk scores 
according to breast density
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and higher using Tyrer–Cuzick in 51% of patients [47]. 
The performance of different assessment tools should be 
further investigated. Another limitation is that the analysis 
on PRS was restricted to women of Caucasian origin, as 
the PRS used in MammoRisk has only been validated in 
women of European ancestry [14, 33–38]. Women of other 
ethnicities had their individual risk assessed and were 
given personalized recommendations, but without PRS.

Population-specific PRSs are currently developed with 
data from ongoing large-scale GWAS for improved risk 
assessment in women of ethnicities other than European 
ancestry [48–50] and may be integrated in the risk assess-
ment tool in the future. The software tool is flexible and 
can incorporate additional risk factors and can easily be 
updated as new data become available. The risk classifi-
cation may then further be refined, as on one side, new 
variants are discovered improving the predictive value of 
PRSs and on the other side, deleterious mutations of the 
multigene panel, which are not so rare (1 out of 200 to 400 
women in the general population [51, 52]), can also be 
included in risk scores for the general population.

Tools are now available to perform individual risk 
assessment and propose personalized screening and pre-
vention recommendations. The risk assessment consulta-
tion is also an excellent opportunity to discuss with the 
patient on modifiable lifestyle risk factors, such as alco-
hol consumption, diet, and physical activity, which are 
also valid for the prevention of other diseases. Although 
a 2-h pathway involving a radiologist, breast specialist, 
and nurse navigator may not be feasible in all hospital set-
tings, such risk assessment clinics would make the shift 
from treatment-oriented care to prevention, early diagno-
sis, and health promotion. While we show that individual 
risk assessment is feasible in the setting of a specialized 
clinic, population-level studies are needed to assess its 
clinical utility, whether it contributes to early detection 
and decrease in incidence of advanced-stage disease and 
whether it is cost effective and acceptable to patients of 
all socio-economic groups. This is expected to be clarified 
with results from large clinical studies evaluating the effi-
cacy, safety, and acceptability of personalized breast can-
cer screening compared to the age-based screening ongo-
ing in the USA (WISDOM study, NCT02620852) [53], 
Canada (Perspective study) [54], and Europe (MyPeBS 
study, NCT03672331) [43].

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10549- 021- 06445-8.
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