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PLAIN LANGUAGE SUMMARY

Women with certain gene�c muta�ons (eg, BRCA1 and BRCA2) or with familial risk (without a 

known gene muta�on but with a strong family history of breast or ovarian cancer) are at an 

elevated risk of developing breast cancer; from 57% to 65% in women with a BRCA1 muta�on 

and from 45% to 49% in women with a BRCA2 muta�on. The risk of developing breast cancer 

for women with familial risk depends on number, closeness and age of rela�ves with breast 

and ovarian cancer and is between the popula�on risk (11%) and of women with known gene 

muta�ons. In some countries, these women at elevated (high) breast cancer risk are offered 

screening with annual magne�c resonance imaging (MRI) and mammography star�ng at age 

30 or earlier, with the goal of detec�ng breast cancers at an early stage. This chapter reviews 

evidence on the benefits and the harms of breast cancer screening strategies in these 

women. Large-scale studies in women with a BRCA gene muta�on have been conducted, 

whereas evidence for women at familial risk is limited. Recent evidence supports screening 

women at high risk with both MRI and mammography annually because this strategy detects 

most (84–94%) breast cancers and a large propor�on are detected at an early stage. However, 

this strategy results in more false-posi�ve results (ie, addi�onal imaging and biopsies in 

women without cancer) compared to screening with a single modality, and some breast 

cancers are s�ll missed by screening. Further, young women at elevated risk who undergo 

mammography before age 30 may be at an increased risk of radia�on-induced breast cancer. 

In addi�on, using MRI is more expensive than mammography, and is more invasive as it 

requires intravenous contrast. The evidence on whether screening with both MRI and 

mammography saves lives is based on few, limited studies. Simula�on models suggest that 

yearly screening with both MRI and mammography from age 30 is the most cost-effec�ve 

strategy for women at elevated risk.

GENERAL INTRODUCTION AND STRUCTURE OF THE CHAPTER

As women with known or suspected gene muta�ons have an increased life�me breast cancer 

risk with an earlier age of onset, there has been much a�en�on focused on effec�ve breast 

screening of this high-risk popula�on. In this chapter, the evidence regarding breast cancer 

screening in these women is reviewed. Evidence is based on studies considering different 

aspects of breast cancer screening including screening accuracy, mortality reduc�on, 

poten�al harms, and cost-effec�veness.
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Gene�c predisposi�on to breast cancer

In the past two decades several major genes have been iden�fied that are associated with an 

increased life�me risk of breast cancer, such as BRCA1, BRCA2, TP53, CDH1, STK11, and 

PTEN(1,2). The two most common high-risk cancer-predisposing genes are BRCA1 and 

BRCA2, and their associa�on with breast cancer as well as ovarian cancer has been 

extensively studied. Other genes, such as TP53, STK11, and PTEN, are rarer and associated 

with broader tumor syndromes. Guidelines on breast cancer preven�on and management in 

BRCA families are based on very large series; however, large studies are not possible for the 

rarer tumor syndromes. Genes like PALB2, NF1, MEN1, RECQL, and CHEK2 muta�ons, 

especially the CHEK2*1100delC muta�on, are known to be associated with a moderately 

increased risk of breast cancer and breast cancer recurrence; in general breast cancer risk 

management in these carriers has not been studied as extensively as in BRCA carriers. The 

largest group however, are the women with an increased risk due to a substan�al family 

history, but without any detectable gene�c muta�on. In this sec�on we will examine the 

breast cancer risk related to women with BRCA1/2 gene muta�ons and to women with a 

substan�al family history of breast cancer without a proven gene muta�on.

BRCA1 and BRCA2 gene muta�ons and their penetrance

The BRCA1 and BRCA2 gene muta�ons are related to the Hereditary Breast Ovarian Cancer 

Syndrome (1). The BRCA genes are tumor suppressor genes and belong to a family of genes 

involved in DNA repair or for elimina�ng DNA that cannot be repaired. Pathogenic muta�ons 

in either of these genes impair this process. The wild-type allele BRCA gene muta�ons are 

dominantly inherited which means any child of a BRCA muta�on carrier has a 50% chance of 

carrying the muta�on. BRCA1 and BRCA2 are the two most common high-risk cancer-

predisposing genes. Although the es�mated prevalence in the general popula�on is low 

(0.11% and 0.12%, respec�vely) (3,4) carriers have an increased life�me risk of breast cancer 

and associated earlier age at onset. From two meta-analyses based on retrospec�ve studies, 

the es�mated cumula�ve risk of breast cancer by the age of 70 vary from 57% (95% 

confidence interval (CI) 47–66) to 65% (95% CI 44–78) in women with a BRCA1 muta�on and 

from 45% (95% CI 31–56) to 49% (95% CI 40–57) in women with a BRCA2 muta�on (5,6). 

These es�mated breast cancer risks were confirmed in a prospec�ve study (7) and vary by 

type and loca�on of BRCA1/2 muta�ons (8), as well as by methods of risk es�ma�on (9).
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Women with high familial risk

Women with a suspected gene�c predisposi�on include women who have a strong family 

history of breast cancer or with a family history of ovarian cancer without a proven muta�on. 

These women are at increased risk of breast cancer and are referred to as women at familial 

risk for breast cancer. Though there is no single defini�on of strong family history of breast 

cancer, generally accepted criteria include: (1) at least three breast and/or ovarian cancer 

cases from the same side in a family (first or second degree rela�ves); or (2) two breast cancer 

cases diagnosed before the age of 40; or (3) a family member with both breast and ovarian 

cancer; (4) two breast cancer cases in first degree rela�ves, with at least one case diagnosed 

before age 50; (5) any male rela�ve with breast cancer; and (6) Ashkenazi Jewish ancestry 

with a family member with breast cancer, par�cularly triple-nega�ve breast cancer diagnosed 

before age 60 (10–12).

 Risk assessment tools are designed to iden�fy women at risk of carrying a muta�on 

in a high-risk gene or to iden�fy the risk of developing breast cancer during their life�me with 

or without such a muta�on (13). A recent study concluded that for current clinical prac�ce, 

the IBIS (or Tyrer-Cuzick) model based on the Interna�onal Breast Interven�on Study and the 

Breast and Ovarian Analysis of Disease Incidence and Carrier Es�ma�on Algorithm 

(BOADICEA) models are the most accurate for assessing the risk of breast cancer (14). 

BOADICEA is used to compute BRCA1/2 muta�on carrier probabili�es and age-specific risks of 

breast and ovarian cancer (15). However, there is much varia�on between countries in the 

use of these risk assessment tools as well as in the applied thresholds for recommending 

tes�ng or screening (16).

Characteris�cs of BRCA-associated breast cancers related to screening 

Several studies observed differences in the pathology of BRCA1/2 associated breast tumors 

as compared to non-BRCA-associated breast tumors. In general, BRCA1/2 associated breast 

tumors more frequently are estrogen and progesterone receptor posi�ve, where BRCA2-

related tumors are more likely to have a lobular morphology and BRCA1-related tumors a 

medullary carcinoma morphology (7). In general, women with a BRCA1/2 muta�on have a 

significantly faster growth rate of their tumors than women with sporadic breast cancer (17). 

It is likely that this faster tumor growth rate in BRCA muta�on carriers is due to a combined 

effect of having a BRCA muta�on and the rela�vely young age at cancer diagnosis, where this 
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effect is more pronounced in BRCA1 than in BRCA2 (18). In addi�on, the mean preclinical 

dura�on in BRCA1 muta�on carriers is supposed to be shorter than in BRCA2 muta�on 

carriers (19).

Screening women with known or suspected gene muta�on 

Because screening mammography has been shown to be effec�ve in reducing breast cancer 

mortality, screening for breast cancer is applied widely in many countries either through a 

na�onal screening program or through clinical guidelines for average risk women, usually 

star�ng between the ages of 40 and 50 with intervals of 1–3 years. Women with known or 

suspected gene muta�ons have an increased life�me breast cancer risk with an earlier age of 

onset, therefore, much a�en�on has been focused on effec�ve screening of this high-risk 

popula�on. Although mammography screening is effec�ve in the early detec�on of breast 

cancer in average risk women, its sensi�vity to detect breast cancer in this high-risk group is 

much lower. Therefore, most studies have examined the sensi�vity of the addi�on of 

screening tests to mammography for screening of younger women with known or suspected 

gene muta�on using a nonrandomized design. Recent evidence from prospec�ve cohort 

studies suggest that women at high risk for breast cancer benefit from screening, which 

includes breast MRI in addi�on to mammography, at an earlier age and shorter intervals than 

usually recommended for popula�on screening. Although MRI with mammography is more 

sensi�ve than mammography alone, its specificity is lower, leading to false-posi�ves and 

unnecessary tests. Further, repeated screening of young women with mammography 

annually before the age of 40 may increase the risk of breast cancer due to radia�on exposure 

(20). To minimize the risk of radia�on-induced cancer in young women, some guidelines 

recommend star�ng screening with MRI alone at the age of 25, while delaying screening with 

mammography un�l the age of 30 (21,22). The decision on what age to start screening with 

mammography, therefore, should consider both the benefit of early detec�on and the 

poten�al harm of false-posi�ves and increased risk of radia�on-induced cancer.

EFFECTIVENESS OF SCREENING WOMEN WITH A KNOWN OR SUSPECTED GENE MUTATION

Interna�onal collabora�ve groups have published guidelines for the managing and 

surveillance of women at high risk for breast cancer, o�en based on experts' opinion (23–28). 

Preven�ve op�ons for these women include risk-reducing mastectomy, salpingo-

oophorectomy or use of tamoxifen. Although prophylac�c mastectomy offers the greatest 
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oophorectomy or use of tamoxifen. Although prophylac�c mastectomy offers the greatest 

reduc�on in breast cancer risk, an interna�onal comparison of the uptake of this preven�ve 

op�on found that the minority of women opt for this (29). Therefore, it is important to 

iden�fy in addi�on an acceptable and effec�ve screening strategy. Many prospec�ve cohort 

studies have been conducted examining the effec�veness of breast cancer screening in this 

high-risk popula�on that includes MRI of the breast in addi�on to mammography. This 

sec�on summarizes the evidence on the effec�veness of screening with MRI as an adjunct to 

mammography as compared to mammography-only in women with BRCA gene muta�ons 

and women at familial risk for breast cancer. The effec�veness of screening strategies is 

summarized in terms of expected benefits, such as improved cancer detec�on, the poten�al 

reduc�on in breast cancer mortality, cost-effec�veness of screening strategies, and the 

poten�al harms such as false-posi�ves and false-nega�ves and radia�on-induced tumor risk.

The literature was searched for studies repor�ng on screening for breast cancer in high-risk 

women from 1990 to 2015, to iden�fy and summarize relevant evidence on this issue. 

Women were considered to have a high-risk of developing breast cancer if they had a BRCA1 

or a BRCA2 muta�on or had a high familial risk without a known gene muta�on. In a study 

se�ng, MRI and mammography had to be performed prospec�vely and simultaneously and 

these two tests had to be read independently of each other. In a real-world screening se�ng, 

MRI and mammography are not interpreted independently of each other. Prospec�ve and 

model-based studies included are those that reported the screening sensi�vity and specificity 

of MRI and mammography or related data from which sensi�vity and specificity could be 

derived; those that examined survival or mortality rate; and those that compared cost-

effec�veness of screening strategies.
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Increased sensi�vity of screening MRI as an adjunct to mammography

Evidence from prospec�ve studies and meta-analyses
1

Fourteen prospec�ve cohort studies including seven single center and seven mul�-center 

studies were published through 2015 (30–43) (see Table 11.1). These studies report 

sensi�vity, specificity, and cancer yield (how many addi�onal cancers detected by each 

screening modality) of screening modali�es in a high-risk popula�on. Based on these studies, 

three meta-analyses have been performed (44,45,46) (Table 11.1). Two of the meta-analyses 

included screening studies in which women at high risk for breast cancer due to gene 

muta�on or strong family history were included (44,45). The most recently published meta-

analysis, consis�ng of individual pa�ent data (IPD) from six large studies, reported data only 

on women with BRCA genes and it used a common categoriza�on of screening test results 

(46).

Evidence in women with a BRCA1 or BRCA2 muta�on 
1

Overall, in women with a BRCA1 or a BRCA2 muta�on, studies found low mammography 

sensi�vity (the sensi�vity ranged from 0% to 53%) and a much higher sensi�vity of MRI (range 

50–100%) in par�cular for MRI and mammography (range 70–100%) (Table 11.1). The 

incremental sensi�vity of MRI compared to mammography alone ranged from 40% to 100% 

(32–35,38–41). Sensi�vity of mammography was higher in women with a BRCA2 muta�on 

than in women with a BRCA1 muta�on, possibly because of the higher propor�on of Ductal 

Carcinoma in Situ (DCIS) in women with a BRCA2 muta�on (32,34). Related to this, the 

incremental sensi�vity of MRI was observed to be higher in women with a BRCA1 muta�on 

than in women with a BRCA2 muta�on, as MRI is less sensi�ve for DCIS. 
1

 The Lord et al. systema�c review (44) included five prospec�ve studies with a total of 

2059 women with a BRCA1/2 muta�on or at high familial risk, repor�ng screening accuracy of 

the combina�on of MRI and mammography with or without breast ultrasound and clinical 

breast examina�on (CBE). A meta-analysis of the three studies that compared MRI and 

mammography versus mammography alone es�mated a sensi�vity of the combina�on of 

MRI and mammography of 94% (95% CI 86–98) and an incremental sensi�vity of MRI as an 

adjunct to mammography of 58% (95% CI 47–70) (44). The incremental sensi�vity of MRI 

decreased when it was compared as an adjunct to mammography plus ultrasound or to the 

combina�on of mammography, ultrasound plus CBE (44). The main limita�ons of this review 
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were that data for es�mates of sensi�vity and specificity of screening modali�es were not 

reported, and that the pooled es�mate was based on two different defini�ons of a posi�ve 

screening test, which might result in biased es�mates (one study used BI-RADS 0,3–5 as 

posi�ve test and others used BI-RADS 4,5 as posi�ve test) (44). 
1

 The Warner et al. systema�c review (45) included 11 prospec�ve studies with a total 

of 4983 women with a BRCA1/2 muta�on or at high familial risk, repor�ng screening accuracy 

of MRI alone, mammography alone, and the combina�on if available. In this review, data 

were pooled for varying defini�ons of a posi�ve test, and this showed that the sensi�vity of 

screening modali�es slightly decreased when the defini�on of a posi�ve screening test was 

less strict (45). Using the stricter defini�on of BI-RADs scores of 4 and 5 considered to be 

posi�ve, the sensi�vity for mammography-only was 32% (95% CI 23–41) (based on seven 

studies, 4084 women), and the sensi�vity for the combina�on of MRI and mammography was 

84% (95% CI 70–97) (based on five studies, 1897 women), resul�ng in an incremental 

sensi�vity for MRI of 52% (95% CI 42–62). The increase in sensi�vity was traded off by a 

decrease in specificity from 98.5% of mammography-only, to 95.2% of the combina�on of 

MRI and mammography (45). 
1

 The Phi et al. meta-analysis (46) consis�ng of IPD from six large prospec�ve studies 

and reported data on 1951 women with BRCA genes using a common categoriza�on of 

screening test results. Considering a BI-RADS 3,4, or 5 as a posi�ve test, the IPD es�mated 

sensi�vity of the combina�on of MRI and mammography was 93.4% (95% CI 80.2–98) and the 

incremental sensi�vity of MRI was 53.8%, which is similar to the Warner et al. meta-analysis in 

2008 (incremental sensi�vity of 55%) when using the same cut-off point (46). In the general 

popula�on, the sensi�vity of mammography increases with increasing age and decreasing 

breast density. However, the IPD meta-analysis showed that mammography sensi�vity was 

lower in women with a gene�c muta�on regardless of age (for women aged <50: 40% (95% CI 

30.5–50.3) and for women older than 50: 38.1% (95% CI 22.4–56.7)) (46) sugges�ng that 

screening with mammography alone would not be sufficient for these high-risk women over 

the age of 50. The evidence suggests that MRI con�nues to contribute to a high sensi�vity in 

women with a BRCA1 or BRCA2 muta�on older than 50 years old (46).

Evidence for women at high familial risk
1

The sensi�vity and specificity of screening modali�es were reported separately for women at 

high familial risk in a few studies (33–35,37,38,41,42). Women without a gene muta�on, but 
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at high familial risk for breast cancer, comprised varying propor�ons of the total study 

popula�on in the studies (22.3–92.8%), as these women have a lower expected incidence of 

breast cancer, which is reflected by the small number of observed breast cancers (Table 11.1). 

The reported sensi�vity and specificity es�mates are comparable to those for women with 

BRCA1/2 muta�on in the few studies that had more than five breast cancer cases (33,34,41). 

However, as the observed incidence of breast cancer is lower in these women without a gene 

muta�on, but at high familial risk for breast cancer, the posi�ve predic�ve values of the 

screening will be lower and the nega�ve predic�ve values will be higher than observed in the 

muta�on carriers. Therefore, based on the trade-off of the lower posi�ve and higher nega�ve 

predic�ve values, the decision to add MRI to mammography in breast cancer screening may 

be different for this popula�on. Further research is needed to strengthen the current 

evidence for this popula�on on the added value of MRI to mammography in breast cancer 

screening.

Heterogeneity across studies
1

Due to the heterogeneity of methodology used, there are limita�ons when comparing results 

amongst the prospec�ve studies evalua�ng the screening accuracy of MRI and 

mammography in high-risk women. First, these studies were conducted over different �me 

periods, ranging from 1994 un�l 2011, during which the sensi�vity and specificity of MRI may 

have improved. Second, the defini�on for a posi�ve screening result was not consistent 

though all studies used BI-RADS assessments to classify the outcomes of screening. In some 

studies, a posi�ve screening test was defined as a BI-RADS 0,3,4,5 (30,32,34,37,40,41) 

whereas in others a posi�ve screening test  was defined as BI-RADS 4,  5 

(31,33,35,36,38,39,43). Usually a BI-RADS 4 or 5 is followed by a biopsy. However, a BI-RADS 3 

was either followed by addi�onal imaging (34), within 4 months (31), or within 6 months 

(30,35,38). In one study, BI-RADS 0 also lead to addi�onal tes�ng (34). Third, the �me 

between screening tests varied with screening modali�es performed on the same day 

(30,32,40–42), within 1 month of each other (33,35), or 6 weeks to 3 months of each other 

(35–39). Fourth, some studies only included women with a BRCA1/2 muta�on (30,40,43) and 

others included women with BRCA muta�ons and with strong family history equivalent to a 

life�me risk of breast cancer higher than 20% (31–39,41,42). This life�me risk of breast cancer 

was defined and assessed by different risk assessment tools such as life�me risk of being a 

carrier by BRCAPRO (35,37,39), or life�me risk of developing breast cancer by the Gail or Claus 

model (31,33,34,36,38), or a study-specific risk model (32). Finally, inclusion criteria such as 
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such as whether women with a personal history of breast cancer were excluded (32,34), or 

t h e  a ge  o f  re c r u i t m e nt  d i ffe re d  b et we e n  st u d i e s  ( a ge  3 5  ( 3 2 ) ;  a ge  2 5 

(30,31,33,34,36–39,41,43); or no specific age 40 (42).

Evidence from effec�veness studies evalua�ng screening program for high-risk women
1

Most of the prospec�ve studies comparing MRI and mammography screening are efficacy 

studies in which annual MRI and mammography are performed simultaneously, and in which 

the results are blinded to ensure the comparison. There has been only one study of a real-

world se�ng within a tailored screening program. A study from Ontario, Canada, reported 

first year results for the Ontario Breast Screening High Risk Program that offers annual MRI 

and mammography to women aged 30–69 years simultaneously but the results of both tests 

were not blinded (47). This study showed that no breast cancers were addi�onally detected 

by mammography and all the cancers were detected by MRI (47). The highest cancer 

detec�on (30.8/1000) was reported among women who were known gene muta�on carriers.

Conclusions for cancer detec�on in women at high risk

1

Given the above evidence (summarized in Table 11.1), breast MRI screening as an adjunct to 

mammography improves the sensi�vity of breast cancer detec�on in women with BRCA1/2 

muta�ons, both in younger women and in women over the age of 50 years. For women 

without a BRCA muta�on, the combina�on of MRI and mammography was also shown to be 

the most sensi�ve. However, as the observed incidence of breast cancer is lower in these 

women without a gene muta�on, the posi�ve predic�ve values of the screening will be lower 

and the nega�ve predic�ve values will be higher than observed in the muta�on carriers. The 

evidence for women at familial risk is limited and does not consider different risk levels, and 

further research is needed to give more robust evidence in this par�cular popula�on 

considering different risk levels. The prospec�ve studies were heterogeneous in terms of 

methodology and study popula�on and the aggregated meta-analyses were based on those 

studies. The most robust evidence comes from the IPD meta-analysis where the 

heterogeneity was minimized by using individual data from six studies, using common 

categoriza�on of screening test results and women with similar risk profile.
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The role of other screening modali�es

Breast ultrasound
1

In addi�on to MRI and mammography, some studies included ultrasound (US) in their 

screening protocol (31,33,35,37,39,41,42). When US was performed annually with MRI and 

mammography, US alone had low sensi�vity similar to mammography alone in women with 

or without BRCA muta�on, ranging from 0% to 52% (31,33,37,39,41) (Table 11.1). No breast 

cancers were detected by US only. In other se�ngs, where US was offered semi-annually, 

(35,38,42,48) the sensi�vity was 39.5–77% (35,38,42,48,49) and in one study three of 25 

cancers were detected by US only (48), sugges�ng US as a screening modality every 6 months 

might help to detect more breast cancers. However, the cancer detec�on benefit should be 

balanced with the harm of screening, such as false-nega�ve, and balanced with the cost per 

addi�onal cancer detected.

Clinical breast examina�on
1

The contribu�on of CBE in screening women with or without BRCA muta�on, was reviewed in 

a recent publica�on (50). The sensi�vity of CBE ranged from 3% to 50% and the cancer yield of 

CBE was from 0% to 3% or 4% of the total breast cancers (50). The two studies repor�ng the 

contribu�on of CBE to be about 3–4% of the breast cancers (34,45) had less screened 

detected breast cancers compared to other studies in which no addi�onal breast cancers 

were detected by only CBE. Further, these two studies performed CBE semi-annually 

compared to annually in the other studies. Another study which was not included in the 

review reported that biannual CBE detected four intervals cancers (42). Therefore, the 

contribu�on of annual CBE in screening women at high risk for breast cancer did not improve 

breast cancer detec�on. However, semi-annual CBE was shown to have a small contribu�on 

to breast cancer detec�on, though the evidence is very limited. It is important to balance the 

benefit with the harm of screening, as the price for detec�ng more breast cancer should be 

acceptable.

Poten�al mortality benefits of screening with MRI
1

Early stage breast cancers are expected to have a be�er prognosis and to have an improved 

survival rate. The main goal of breast cancer screening is therefore to increase the rate of early 

stage tumor detec�on and to reduce mortality. To evaluate the mortality benefit of screening, 

Chapter	2 Screening	women	with	cancer	gene	mutations

36



there is a need for data derived from prospec�ve studies including a control group with a long-

term follow-up and for model-based studies, es�ma�ng survival rate due to screening with 

MRI and mammography as compared to no screening or mammography-only screening. In 

this sec�on, results are reported from prospec�ve studies that include a control group and 

from a model-based study using popula�ons from prospec�ve studies which es�mated 

survival rates due to screening with MRI and mammography (19,51,52,53) (Table 11.2). The 

prospec�ve studies either performed MRI and mammography in a study se�ng where the 

results of two tests were blinded (the MRISC study) (52) or in a daily prac�ce se�ng where the 

results of the test were not blinded (the Norway and UK study) (51,53).

Evidence for women with BRCA1/2 muta�ons
1

The MRISC study compared metastasis-free-survival of pa�ents with breast cancer and with 

BRCA1/2 muta�ons or with familial risk undergoing intensive screening consis�ng of biannual 

CBE, annual MRI and mammography between the ages of 25 and 70 years, to matched 

controls, that were unscreened if less than 50 or screened with mammography if 50 years or 

older by risk group, year of diagnosis, and age at diagnosis (52). The 10-year metastasis-free-

survival rate was significantly higher in the screened compared to control group (90% vs 77%, 

p = 0.008; HR = 0.36, 95% CI 0.16–0.8). However, this did not result in a sta�s�cally significant 

improvement in overall survival in the intensively screened group (88%) compared to the 

control group (78%, p = 0.064; HR = 0.51, 95% CI 0.24–1.06). For women with a BRCA1 

muta�on, the metastasis-free-survival rate was just above the significance level (88% in 

screening group vs 72% in control group, p = 0.055; HR = 0.3, 95% CI 0.08–1.13). While for 

women with a BRCA2 muta�on, the metastasis-free-survival rate was not significantly 

different (88% in screened group vs 83% in unscreened group, p = 0.739; HR = 0.21, 95% CI 

0.12–4.45). 
1

 A study from Norway examined survival rates of pa�ents with a BRCA1-associated 

breast cancer aged 25–74 years who underwent annual MRI and mammography screening as 

part of a na�onal MRI based surveillance program (53) The overall 5- and 10-year survival 

rates for women with a BRCA1- related breast cancer were 75% (95% CI 56–86) and 69% (95% 

CI 48–83), respec�vely (53). The survival rates were higher for women diagnosed with breast 

cancer at age 50 and above and for women diagnosed with small cancers (size below 1.0 cm). 

For stage 1 breast cancer, women with a BRCA1 muta�on had a 5-year survival of 82%, which 

is lower than that for the general Norway popula�on which is 98% (p < 0.05). As survival for 

BRCA1 pa�ents was less than expected, this study did not recommend offering MRI-based 
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screening as an alterna�ve to preven�ve mastectomy in these women. 
1

 In the UK study, data from two prospec�ve cohorts (the MARIBS cohort and 

surveillance program) were used to compare survival in women aged 35–55 years at high risk 

due to known or suspected genes (51). The MRI group was screened with annual MRI and 

mammography as in the MARIBS study, or with MRI and mammography alterna�ng every 6 

months in the surveillance program. The mammogram group included women who were 

BRCA1/2 muta�on carriers and/or at equivalent risk who had received mammography 

screening only, and the unscreened group were women with BRCA1/2 who had not 

undergone surveillance. They reported a 10-year survival of 95% in the MRI group, which was 

higher than the mammogram only group (87.7%) and sta�s�cally significantly higher than 

that of the unscreened group (74%, p = 0.002). Among the BRCA1 carriers screened with MRI, 

there was a less pronounced but s�ll sta�s�cally significant survival advantage (91.6%) 

compared to unscreened women (78%) (p = 0.03; HR = 0.21, 95% CI 0.051–0.89). There were 

no deaths among women with a BRCA2 muta�on undergoing MRI screening and 10-year 

survival of those being screened (with MRI or mammography) (94%) was be�er than that in 

the unscreened popula�on (76%) (p = 0.008, HR = 0.21, 95% CI 0.07–0.67). This study showed 

a survival benefit from screening with MRI with mammography, par�cularly in BRCA2 

carriers.
1

 A model-based study, using data from three prospec�ve studies for BRCA carriers 

(19), predicted and compared mortality reduc�on among screening protocols which included 

mammography alone or the combina�on of MRI and mammography at different ages. The 

study popula�on included women from the United Kingdom (32), the Netherlands (34,54), 

and Canada (43,54). The model predicted breast cancer mortality reduc�on of the 

combina�on of MRI and mammography to be 48–62% higher than that of mammography 

alone, which ranged from 42% to 47%. Screening with only MRI led to an es�mated 49–61% 

mortality reduc�on. The study also showed that the expected mortality reduc�on is higher 

for women with a BRCA2 muta�on than for women with a BRCA1 muta�on. This was 

explained by the different tumor growth rates that are associated with each of the gene 

muta�ons. However, the authors do note several limita�ons of their study. The models are 

based on an overall small number of cancers and there was only a small propor�on of women 

older than 50 years of age included. In addi�on, prior prophylac�c mastectomy and screening 

history of the par�cipa�ng women could not be taken into account and survival es�mates 

were based on the age- and stage-specific survival rates for non-carriers. Also, a substan�al 

propor�on of the women were screened with mammography before entering the study. 
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The models are based on an overall small number of cancers and there was only a small 

propor�on of women older than 50 years of age included. In addi�on, prior prophylac�c 

mastectomy and screening history of the par�cipa�ng women could not be taken into 

account and survival es�mates were based on the age- and stage-specific survival rates for 

non-carriers. Also, a substan�al propor�on of the women were screened with mammography 

before entering the study. Finally, the breast cancer incidence without screening is unknown, 

and as women treated for breast cancer before entering the study were mostly excluded, 

these cancers were missing from the model.

Evidence for women at high familial risk
1

Women at high familial risk for breast cancer were included in the UK study and the MRISC 

study men�oned above, however, only the MRISC study reported survival rate for this 

par�cular group (52). In the high familial risk group, screening with MRI and mammography 

was shown to improve survival significantly: 95% for the screening group vs 78% for the 

control group (p = 0.024; HR = 0.21, 95% CI 0.04–0.95). This es�mate was comparable to that 

es�mated for women with a BRCA1/2 muta�on in the same study (90%) and in the UK study 

(95%) (51).
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Heterogeneity across studies and biases
1

The results from the three prospec�ve studies are not comparable due to the heterogeneity 

in methodology. Firstly, the studies differ regarding the included study popula�ons. The 

MRISC and the UK study included women with BRCA1/2 muta�ons or with familial risk, 

however, they used different risk criteria to iden�fy familial risk and age at recruitment 

(51,52). The Norway cohort only included women with a BRCA1 muta�on (53) which would 

lead to a higher breast cancer incidence and thus reflect more of a benefit in mortality for 

these muta�on carriers. Secondly, the control groups in these studies were selected 

differently. The Dutch study selected a control group that was matched for breast cancer risk, 

year, and age at diagnosis, and included women without intensive screening. The UK study 

selected two unmatched control groups, including women at high risk for breast cancer who 

received only mammography or no screening. The Norway study compared their finding to 

what can be expected from the general popula�on. Thirdly, the studies used different analysis 

methods. The women's baseline characteris�cs were adjusted by matching in the MRISC 

study (52) and by analysis in the UK and Norway study (51,53).
1

 Comparing survival between the screening and unscreened group in a 

nonrandomized design introduces several biases such as lead �me bias, survival bias, and 

selec�on bias. Lead �me bias occurs when the tumor is detected by screening at an earlier 

stage than that at which it becomes clinically diagnosed. The apparent benefit from screening 

might be due to the fact that tumors were diagnosed earlier in �me, which may appear to 

increase the survival �me (even in the absence of screening benefit) as the women live longer. 

It is uncertain whether the survival rate is improved due to the actual benefit of screening or 

due to lead �me bias in the UK study. Selec�on bias may have occurred in the Norway study as 

the screening group was at higher risk than the general popula�on control group. In the UK 

study, it was not described why women with BRCA muta�ons in the no screening group had 

not undergone intensive surveillance, although a subset of women aged 50–55 years were 

screened by mammography. Survival bias may have occurred in the MRISC study as they 

selected a control group of women with BRCA1/2 muta�ons who were tested a�er being 

diagnosed with breast cancer, meaning they had to survive long enough to be tested. 

However, in the MRISC study, the analysis was adjusted for lead �me and survival bias.

Conclusion from survival perspec�ve
1

In conclusion, there have been a few prospec�ve studies and one model-based study 
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inves�ga�ng the effect of MRI as an adjunct to mammography on survival in women with or 

without BRCA1/2 muta�on, and limited data have been reported for women with familial 

risk. Although, the studies found improved survival from MRI screening in women with a 

BRCA1/2 muta�on compared to no screening, the results compared to mammography 

screening are variable. Results from the Norway cohort suggest that the improvement of 

survival was not completely explained by detec�ng early stage tumors. The survival effect is 

different for women with a BRCA1 or BRCA2 muta�on, where it seems that BRCA2 muta�on 

carriers might benefit more from screening than BRCA1 muta�on carriers. As these 

prospec�ve studies have several limita�ons due to their nonrandomized design and the 

model-based study included various assump�ons and exclusions, the results should be 

interpreted with cau�on.

Poten�al harms of screening with MRI and mammography 
1

The purpose of breast cancer screening is to detect early stage tumors so that they will have a 

be�er prognosis. A perfect screening test would correctly iden�fy any breast abnormality in a 

very early stage as breast cancer or as a pre-cancer lesion, which means that this test will have 

a 100% sensi�vity. However, every screening test has its limita�ons and in general, an 

improvement in sensi�vity usually comes with a decrease in specificity. Sensi�vity and 

specificity are measures of the diagnos�c accuracy of a test. Sensi�vity measures how 

accurately a screening test captures true cases of a disease in a popula�on. If the sensi�vity is 

low, the test will miss many cancers, resul�ng in a high rate of false-nega�ve results or interval 

cancers. A high specificity is also desirable as it reflects the ability of a test to accurately 

iden�fy cases that are not cancer, therefore reducing the number of false-posi�ve cases. 

Another issue to be considered in breast cancer screening in young women, is the poten�al 

harm by induced radia�on risk for breast cancer, due to mammographic screening. This 

sec�on discusses the poten�al harms of screening with annual MRI and mammography in 

women at high risk for breast cancer: high false-nega�ve rate or low sensi�vity, high false-

posi�ve rate or low specificity, and radia�on-induced tumor risk.

High false-nega�ve rate or low sensi�vity
1

False-nega�ve cases are breast cancer cases diagnosed between screening rounds and 

referred to as interval cancers. Due to a low sensi�vity of mammography in screening high-

risk women, MRI is added. Although the sensi�vity of screening is improved due to the 

addi�on of MRI, the sensi�vity is s�ll not op�mized to 100%. Among the prospec�ve studies, 
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the interval cancer rate ranged from 0% to 17% (30–43). Interval cancers are a heterogeneous 

group comprised of those in which recognizable signs of tumor existed at the �me of 

screening but were “missed” for technical or interpre�ve reasons and those that were not 

detectable at screening. A study from Austria found that an interval tumor (G3, pT1c, nega�ve 

nodal status medullary carcinoma) was not visible in review (33). The interval cancer rate is 

higher for women with a BRCA1 muta�on compared to women with a BRCA2 muta�on, 

suppor�ng the faster tumor growth rate of BRCA1-associated breast cancers (34). Interval 

cancers are not only early stage tumors or DCIS. In addi�on, invasive breast cancer, high grade 

tumor, and even triple-nega�ve tumor were not detected by screening (30). Improvement in 

standards, technique, and radiologist experience are needed to improve the sensi�vity of the 

screening and to reduce false-nega�ve cases.

High false-posi�ve rate or low specificity
1

Although combining MRI and mammography in breast cancer screening will increase the 

sensi�vity, it will also reduce the specificity compared to a single modality, as the 

disagreement of the two test results regarding which cases are posi�ve for the presence of 

breast cancer, will yield per defini�on more false-posi�ve cases. A high false-posi�ve rate is 

reflected by a low specificity which was also observed in the prospec�ve high-risk screening 

studies (31–33,38,39) and the two meta-analyses (45,46,53). The specificity of the 

combina�on of MRI and mammography ranged from 77% to 97.7% for women with or 

without a BRCA1/2 muta�on, which was in all studies lower than the mammography 

specificity. The IPD meta-analysis es�mates the specificity of MRI and mammography at 

about 80.3% (95% CI 72.5–86.2) which is substan�ally lower than the specificity of 

mammography alone (93.6%, 95% CI 88.8–96.5) and also of MRI alone (84.7, 95% CI 79–89.1) 

(46). The Warner et al. meta-analysis gave similar es�mates (45).

Radia�on-induced tumor risk
1

Exposure to chest radia�on at a young age increases the risk of breast cancer (20,56–58). 

Therefore, annual screening with mammography star�ng at a young age may increase risk of 

breast cancer. In addi�on, women with a BRCA1/2 muta�on are more sensi�ve to radia�on at 

all ages, par�ally due to the impairment of proper repair of DNA double-strand breaks (59). 

The following sec�on discusses the studies repor�ng radia�on risk in women with a BRCA1/2 

muta�on and in women with high familial risk. 
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Evidence for women with a BRCA1/2 gene muta�on 
1

Three studies, with partly overlapping study popula�ons, support the associa�on between 

radia�on exposure (chest X-ray or mammogram) and breast cancer risk among women with a 

BRCA1/2 muta�on (60–62). (Table 11.3) The overall odds ra�os ranged from 1.06 (95% CI 

0.66–1.71) to 4.29 (95% CI 2.09–8.81) (60–62). The results from these three studies were 

contradictory to other studies (63–67) showing no significant associa�on between radia�on 

exposure and breast cancer risk in women with a BRCA muta�on at all ages (OR <165,67 and 

OR >163,64,66) (Table 11.3). These conflic�ng results may be due to age, as much younger 

women from the age of 18 were included in the three studies that support the overall 

associa�on between radia�on exposure and breast cancer risk, whereas other studies 

included older women. 
1

 The radia�on-induced risk of breast cancer increases with decreasing age at 

exposure. In women with a BRCA muta�on exposed to radia�on before the age of 20, the 

evidence shows a strong posi�ve associa�on with breast cancer risk with an OR or HR ranging 

from 1.62 (95% CI 1.02–2.58) (60) to 4.16 (95% CI 2.03–8.56) compared to non-exposed 

carriers (61). Another interna�onal study reported an HR of 1.76 (95% CI 0.9–34) for all 

women with breast cancer and a HR of 5.21 (95% CI 1.6–17.5) for the incidence cohort (62), 

considering only women who were diagnosed with breast cancer within 5 years of the 

interview which means the survival bias was minimized.
1

 Two studies reported results for women with a BRCA1/2 muta�on exposed to 

radia�on before age 30. The GENE-RAD-RISK study reported breast cancer risk to be highest 

before the age of 30 (OR 1.90 (95% CI 1.2–3)) and similar to the risk before the age of 40 

between carriers exposed and non-exposed to radia�on including mammography.60 The 

Gronwald et al. study (67) compared the breast cancer risk between women with BRCA1 

muta�on-associated breast cancers and women with sporadic breast cancers who had been 

exposed to radia�on from chest X-rays before age 30 and developed breast cancer at age 50 or 

younger. The results show a significant increase in risk of breast cancer in women with a 

BRCA1 muta�on compared to non-carriers exposed to radia�on younger than 30 years old 

(OR 1.8 (95% CI 1.2–2.9)) (67). When stra�fying by age group at exposure (younger than 20 

and between 20 and 30) the OR es�mates were similar but were no longer sta�s�cally 

significantly different due to the small number of cases and controls.
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 Three studies reported a significant associa�on between radia�on and breast cancer 

risk in muta�on carriers who were exposed to radia�on before the age of 40 (60,62,65). The 

es�mated odds ra�os were 1.56 (95% CI 1.07–2.27) for women diagnosed with breast cancer 

before age 40 (65), 1.91 (95% CI 1.12–3.26) (6),0 and 2.75 (95% CI 1.4–5.3) (62) However, 

when analysing separately for women exposed to radia�on between the ages of 30–40, the 

associa�on was no longer significant for women before the age of 40 (Narod et al.: OR: 1.11 

(95% CI 0.82–14)65; GENE-RAD-RISK study: 1.06 (95% CI 0.63– 1.71) (60)) while the 

associa�on for women younger than 30 remained significant. The significant effect for those 

aged under 40 could be primarily due to the significant effect in women younger than 30. 

Contradictorily, the only prospec�ve study did not support the associa�on between radia�on 

and breast cancer risk in women with a BRCA1/2 muta�on (66).

Evidence for women at familial risk without a BRCA muta�on
1

A mul�ple center case–control study from the Breast Cancer Family Registry in Ontario, 

Canada and in Melbourne and Sydney in Australia,68 found a significant increase in risk of 

breast cancer in women who were exposed to diagnos�c chest X-rays for pneumonia or 

tuberculosis at an age younger than 40. The ORs were 3.09 (95% CI 1.46–6.54) for women 

exposed to X-rays at younger than 20 years of age, and 2.68 (95% CI 1.2–5.98) for women 

exposed to X-rays more than 5 �mes between ages 20 and 39 for breast cancer cases 

compared to controls (sisters or unrelated popula�on without breast cancers (69). Another 

study focusing on women with breast cancer between ages 20 and 49, found that radia�on 

exposure increased breast cancer risk significantly with OR of 1.34 (95% CI 1.04–1.74) 

compared to women without breast cancer (69).

Limita�ons of radia�on exposure studies
1

The main limita�on of the studies examining the associa�on of radia�on exposure and breast 

cancer risk is the use of self-reported data on exposure, which can show recall bias. Therefore, 

results stra�fying by type of diagnos�c test, dose of X-ray, and age at exposure need to be 

interpreted with cau�on. Another poten�al bias was survival bias, which means that women 

needed to survive long enough to complete the ques�onnaire or interview. Some of the 

studies tried to minimize this bias by only considering women with complete informa�on 

within 167 or 5 years a�er censoring or events (incident cohort) (63,65). Some studies 

analysed data using weighted cox regression models in order to reduce tes�ng bias. Tes�ng 

bias occurred when affected BRCA1/2 carriers would have been oversampled due to the fact 
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that they were from high-risk families and qualified for gene�c tes�ng (60–62). 
1

 The results were variable between studies, par�ally due to differences in study 

popula�on inclusion criteria and exposure defini�ons. In all studies, exposures included 

diagnos�c chest X-ray, however, among those a few studies (60,64–67,69) included 

mammograms. It could be that women with breast cancer had suspicious mammograms 

leading to further diagnos�c exposure which increased the X-ray dose. Two studies included 

only women with BRCA1/2 muta�ons younger than 50 years (63,67,69); one study included 

only women with BRCA1 muta�ons exposed to radia�on before age 30 and developed breast 

cancer a�erward at age 50 or younger (67); while other studies did not have an age limit at 

recruitment which may have increased the exposure to X-ray due to older age. The three 

posi�ve studies overlapped in study popula�ons, which could explain their similar results 

(60–62).
1

 The minimal induc�on �me for breast cancer risk a�er radia�on exposure is about 

10–15 years in the general popula�on (70). This was not taken into account in most of the 

studies as there was no clear informa�on about the interval �me between exposure and 

event, or recent radia�on exposures, which probably would not have contributed to breast 

cancer risk, were also included in the analysis (61–63,67–69). One study adjusted for this 

induc�on �me in their analysis by using a 5-year �me lag in the model under the assump�on 

that women with BRCA muta�on are more sensi�ve to radia�on than women in the general 

popula�on (60). By doing so, they excluded exposure from diagnos�c mammography related 

to the breast cancer diagnosis, which would not contribute to induc�on of breast cancer. Two 

studies that excluded mammography reported within 1 year of breast cancer diagnosis 

(64,65) and the prospec�ve study excluded all the mammograms during their follow-up 

period of 4.8 years (66).

Conclusion

In general, exposure to radia�on was more likely to increase breast cancer risk primarily for 

younger women before the age of 30. There was some evidence suppor�ng star�ng 

mammography screening from the age of 30 for BRCA women as the associa�on between 

radia�on exposure and breast cancer risk in women aged 30–40 has not been clearly proven. 

The limited studies focusing on women at familial risk without gene muta�on supported the 

associa�on between exposure to radia�on at a younger age and an increased breast cancer 

risk.
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Cost-effec�veness of screening strategies including MRI as an adjunct to mammography 
1

This sec�on discusses the cost-effec�veness of screening strategies in women with a BRCA 

1/2 muta�on or strong familial risk (Table 11.4). The majority of the studies are model-based, 

repor�ng incremental cost-effec�veness for the combina�on of MRI and mammography 

compared to mammography alone (73–80) (see Table 11.4). Two prospec�ve studies 

reported the cost per addi�onal breast cancer detected (Dutch, United Kingdom) of adding 

MRI to mammography screening (71,72). Different thresholds have been used to define a 

more cost-effec�ve program: €20,000 or $100,000 or £20,000 per life year gained (LYG) or 

quality-adjusted life year gained (QALY).

Evidence for women with a BRCA1/2 muta�on
1

Two prospec�ve studies (Dutch and United Kingdom) reported that screening with an MRI 

adjunct to mammography resulted in an acceptable cost-effec�veness ra�o (71,72). The 

Dutch study examined the value of screening with an MRI adjunct to mammography as 

compared to screening with mammography-only in women aged 25 years and over who were 

at a high risk for breast cancer. The UK study included the screening of women aged 35–49 

years. The Dutch study reported lower addi�onal costs per LYG than the UK study (€13,930 

and £28,284, respec�vely), which was mainly due to the fact that the Dutch study used the 

official costs related to mammography, MRI, and biopsies, whereas the UK study also included 

costs of addi�onal work-up, administra�on, equipment, or other costs related to 

consumables, contract medium, and capital charges (72).
1

 Several modelling studies found that adding MRI to mammography screening in 

women with BRCA1 or BRCA2 muta�ons may be cost-effec�ve compared to mammography 

alone, mainly depending on the incidence of breast cancer and the MRI costs (73,74,76–80) 

(see Table 11.4). In addi�on, it is found that screening for breast cancer in women with a 

BRCA1 muta�on is more cost-effec�ve than screening for breast cancer in women with a 

BRCA2 muta�on (75,76,79) (see Table 11.4). The main reason being that the risk of 

developing breast cancer is higher in BRCA1 compared to BRCA2 carriers, leading to more 

benefit in life-years and quality-adjusted life-years gained in BRCA1 carriers than in BRCA2 

carriers. 
1

 Two model-based studies inves�gated the cost-effec�veness of alterna�ng MRI and 

mammography screening every 6 months (73,76). The first study showed that screening 

women with BRCA1/2 muta�ons with annual MRI from age 25 to 65 years plus screening with 
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mammography every 6 months star�ng at age 30 un�l the age of 79 compared to 

mammography alone has an incremental cost of $50,911 per QALY gained (73). The other 

study showed that alterna�ng MRI and mammography screening every 6 months from age 30 

compared to annual mammography alone in women with a BRCA1 muta�on is cost-effec�ve 

with an incremental cost of $74,200 per QALY gained but this screening strategy is not cost-

effec�ve for women with BRCA2 muta�on76 (see Table 11.4).

Evidence for young women with BRCA1/2 muta�ons

There is conflic�ng evidence on the cost-effec�veness of screening women with a BRCA1/2 

muta�on under the age of 35. One model-based study from the United States reported that 

screening with MRI and mammography star�ng from the age of 25 compared to age 35 is not 

cost-effec�ve, resul�ng in an increasing cost per QALY from $111,387 to $475,932(79). This 

contrasts with the finding from a UK study showing that screening with MRI and 

mammography in women with a BRCA1 muta�on aged 30–49 years was more cost-effec�ve 

compared to screening with mammography alone or no screening (ICER per QALY was £3449 

for screening between age 30 and 39 and £7785 for screening between age 40 and 49) (77). A 

possible explana�on for this difference is varia�ons in modelling. First, in the US study, 

women were screened from age 25 to 70 or 35 to 70 years and followed un�l the end of life 

(79), whereas in the UK study, MRI and mammography or mammography-alone screening 

were compared for women aged 30–39 versus 40–49 (77). In addi�on, for women with BRCA1 

muta�ons, screening sensi�vity was an output in the US study79 with a lower value (35% for 

mammography alone and 85% for mammography plus MRI) than in the UK study where 

sensi�vity was an input of the model (77) and es�mated to be higher (40% for mammography 

alone and 94% for mammography plus MRI). 

 A modelling study comparing different screening strategies for high-risk women 

with BRCA1 or BRCA2 muta�ons found the Dutch recommenda�on (annual MRI at age 25–30 

years, mammography and MRI at age 30–60 years, and biennial mammography at age 60–75 

years) to be the most cost effec�ve op�on (75). The highly intensive US strategy (annual 

mammography and MRI from age 25 years to end of life) was only found to be cost-effec�ve in 

the Netherlands if the Dutch are willing to pay €50,000 per LYG. The UK strategy (MRI and 

mammography at age 30–50 years, na�onal screening program at age 50–70) saved rela�vely 

li�le in costs and resulted in greater life-years lost (75).
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Evidence for women at high familial risk
1

Studies on the cost-effec�veness of screening with MRI as an adjunct to mammography in 

women with suspected gene muta�ons are very limited. One model-based study shows that 

in women at a moderate breast cancer life�me risk (>20%), the incremental cost per QALY was 

only cost-effec�ve given an assumed prevalence of undiagnosed breast cancer of 3% or 4% 

(74). Another study, simula�ng a high-risk popula�on from a Dutch cohort, included women 

with familial risk with a cumula�ve risk of >15%. This study compared different screening 

schedules including both MRI and mammography and compared these to the popula�on 

screening program in which women are screened with mammography biennially from age 50 

to 75 (80). The results showed that adding annual MRI and mammography with semi-annual 

CBE from age 35 to 50 compared to the popula�on breast cancer screening program reduced 

mortality by 25% at a cost per LYG of $134,932, which was not considered cost-effec�ve. 

However, these results are not presented separately for women at high familial risk versus 

those with a BRCA1/2 muta�on.

Heterogeneity across study

The model-based and prospec�ve studies are heterogeneous in methodology resul�ng in 

different es�mates for the cost-effec�veness of screening in women with a BRCA1/2 

muta�on or at high familial risk. There were differences in the values for the input 

parameters, as the input parameters of the models were derived from different literature 

sources or from a clinical cohort (71,80,81). Some studies derived data for adherence to 

screening and survival from the general popula�on (76,78) while another study determined 

the survival rate for women with a BRCA1 muta�on aged 30–49 by the assump�on that there 

was an improvement of 15% in 5-year survival of the study popula�on compared to the 

general popula�on (77). Only a few studies modelled the induc�on risk due to radia�on 

exposure (75–77). Different screening scenarios were modelled. Except for one study (76) the 

screening parameters related to mammography were based on film-mammography data, 

which does not represent the current prac�ce of using digital mammography. The models 

considered the screened cohort as a fixed cohort instead of a dynamic one. The 

generalizability of the outcomes of the model-based studies is limited as most are not 

externally validated (72). Although the prospec�ve studies reported the costs based on their 

prac�ce, there were differences in cost components and large differences in cost prices. Some 

studies included only the costs of screening whereas others considered also the costs of 

treatment procedures and follow-up. Different threshold values were used to determine cost-
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effec�ve strategies par�ally due to different currencies that makes the interpreta�on of the 

results difficult to generalize.

Conclusion from economic perspec�ve
1

Overall, in terms of addi�onal cost per LYG or QALY, screening with MRI as an adjunct to 

mammography is considered to be cost-effec�ve star�ng at age 35, if a threshold of €20,000 

or $100,000 or £20,000 is applied. Screening for women with a BRCA1 muta�on is more cost-

effec�ve than for women with a BRCA2 muta�on. Further cost-effec�veness research on 

popula�ons with increased familial risk without BRCA muta�ons is needed to further explore 

the impact in this popula�on and the associated screening regime and benefit. Nevertheless, 

the results presented here need to be interpreted with cau�on because of the fact that the 

studies were conducted in different countries and may over-op�mize real prac�ce.

CONCLUSION

This chapter summarizes the evidence regarding the benefits and poten�al harms of breast 

cancer screening with MRI as an adjunct to mammography in women with a BRCA1/2 

muta�on or at familial risk of breast cancer. The two most common high-risk cancer-

predisposing genes are BRCA1 and BRCA2, and their associa�on with breast cancer as well as 

ovarian cancer has been extensively studied and established. Other gene muta�ons, which 

also play a role in the increased risk for breast cancer, are being inves�gated for clinical 

relevance. The benefits of screening high-risk women are reflected by the increased cancer 

detec�on, poten�al for mortality reduc�on, and cost-effec�veness. The poten�al harms of 

screening include low specificity, false-nega�ve cases, and radia�on-induced cancer risk. 

 Breast MRI screening as an adjunct to mammography has been shown to improve 

sensi�vity for breast cancer detec�on by 52% and 53% in women with BRCA1/2 muta�ons, 

respec�vely, both in younger women and in women over the age of 50.46 An improvement in 

survival has also been observed in studies comparing screening with both MRI and 

mammography to no screening and to screening with mammography alone, however, the 

associa�on with improved survival was not always significant and these studies had 

methodological shortcomings. Screening with MRI as an adjunct to mammography star�ng at 

age 35 was shown to be cost-effec�ve for women with a BRCA1 muta�on, and probably also 

for women with a BRCA2 muta�on. However, cost-effec�veness studies relied on uncertain 

parameters, as all are model-based or prospec�ve in design with specific study protocols and 
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protocols and bias in cost compu�ng. There are conflic�ng results on cost-effec�veness 

regarding outcomes for women younger than 35 years of age. Combining MRI and 

mammography lowers screening specificity compared to a single modality. Exposure to 

radia�on from mammography is more likely to increase breast cancer risk primarily for 

younger women under the age of 30. Over the age of 30, the associa�on between radia�on 

exposure and breast cancer risk is less clear. 
1

For women at high familial risk, there is evidence suppor�ng screening with annual MRI and 

mammography regarding improved sensi�vity for cancer detec�on. Evidence shows similar 

survival benefits by screening with MRI and mammography for women at high familial risk as 

for women with a BRCA1/2 muta�on. There is limited evidence suppor�ng the cost-

effec�veness of screening with MRI and mammography in women at high familial risk. There 

are similar concerns regarding radia�on induced breast cancer risk for women at high familial 

risk as for young women with a BRCA1/2 muta�on. However, since women at high familial risk 

have a lower expected breast cancer incidence than those with a BRCA1/2 muta�on, the 

interpreta�on of the results may be different from that for women with a BRCA1/2 muta�on. 

The evidence for women at familial risk is limited and does not consider different risk levels. 

Further research is needed to give more robust evidence in this par�cular popula�on 

considering the different risk levels.
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