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Background: Automated breast volumetric sonography (ABVS) 
is a new technology with various possible applications.
objectives: To compare ABVS and breast magnetic resonance 
imaging (MRI) in the surveillance of women with a BRCA1/2 
gene mutation.
Methods: We conducted a prospective study in Jewish fe- 
male BRCA1/2 mutation carriers who underwent breast MRI 
and ABVS. The results of both exams performed 6 months 
apart or less, and relevant clinical data, were reviewed. The 
BI-RADS results were divided into three subgroups according 
to subsequent expected management: BI-RADS 1-2 (normal 
study), BI-RADS 3 (probably benign finding), and BI-RADS 
4 and 5 (suspicious findings). BI-RADS 0 and 6 scores were 
excluded from the study. Distribution of ABVS and MRI BI-RADS 
scores were compared using McNemar's test, and concordance 
was calculated using the Cohen kappa test.
results: overall, 68 women, 40 BRCA1 and 28 BRCA2 muta-
tion carriers, age range 26–69 (mean 44.55 ± 12.1 years), 
underwent 79 paired ABVS and MRI examinations. McNemar's 
test calculations showed no significant difference between 
MRI and ABVS BI-RADS score distribution. Cohen’s kappa test 
resulted in k = 0.158, an agreement that can be described as  
only "slight agreement" between both modalities. of 14 dis- 
cordant cases there was one cancer, revealed by MRI and not 
by ABVS performed 6 months prior to MRI.
Conclusions: ABVS showed slight agreement with MRI in 
BRCA1/2 mutation carriers. These preliminary results in a 
small group of healthy high risk patients suggest that the 
diagnostic abilities of ABVS are inferior to those of MRI. 
Further studies encompassing larger groups are needed.
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o f women diagnosed annually with breast cancer (96.8/ 
100,000 in the Israeli Jewish population) [1], only 5–10% 

are categorized as "inherited breast cancer," and up to 30% of 
these patients harbor either a BRCA1 (MIM 113705) or BRCA2 
(MIM 600185) germline mutation. The lifetime risk for BRCA1 
or BRCA2 female mutation carriers to develop breast cancer is 
significantly higher than that of the general population, and is 
estimated to be as high as 28–49% by age 50 years and 56–83% 
by age 80 [2-4]. The imaging screening guidelines for high 
risk patients include alternating annual mammography and 
annual breast magnetic resonance imaging (MRI) starting at 
age 25–30 [5-8]. It has been shown that there is no advantage to 
the addition of hand-held ultrasound to the surveillance scheme 
imaging modalities [9]; however, adjunct ultrasound is known 
to improve the sensitivity of mammography in women with 
dense breasts [10,11]. For this reason, in our institute we add 
breast ultrasound in the follow-up scheme for high risk women. 
The imaging surveillance is thus performed every 6 months, 
alternating between mammography, MRI and ultrasound.

In recent years automated breast volumetric sonography 
(ABVS) was developed. This system utilizes a linear transducer 
promoted in a rectangular frame, which acquires 1 mm thin 
consecutive axial slices (14L5BV). The system provides consis-
tent, reproducible, operator-independent ultrasound imaging 
of the entire breast [12].

A study by Brem et al. [13] showed that addition of ABVS 
to screening mammography in women with dense breasts 
increased the detection rate of clinically important cancers, 
achieving a rate of 7.3 cancers per 1000 versus 5.4 cancers 
per 1000 women screened with mammography alone [13]. 
Another study by Wang and co-authors [14] showed similar 
sensitivity (95.3% vs. 90.6%), specificity (80.5% vs. 82.5%), 
accuracy (85.8% vs. 85.3%), positive predictive value (73.0% 
vs. 74.0%) and negative predictive value (93.3% vs. 94.1%) 
compared to hand-held ultrasound (HH-US). Zhang et al. 
[15] showed superior detection capabilities of ABVS over 
HH-US.
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Yet not all reports show these superior results. A smaller 
study by Chang and collaborators [16] compared ABVS in 61 
patients with HH-US for the ability to detect breast patholo-
gies and reported that ABVS detected only 57.1–78.6% of the 
known cancers, and yielded a substantial number of false-pos-
itive results (8.3–20.8%) in normal breasts. The purpose of the 
present study was to compare the accuracy of ABVS and breast 
MRI in the surveillance of Jewish female high risk BRCA1/2 
gene mutation carriers.

paTIenTs and MeThods
This was a prospective study in female Jewish Israeli BRCA1/2 
mutation carriers who underwent breast MRI and ABVS at a 
single follow-up clinic in a tertiary referral medical center in 
Israel. Results of MRI and ABVS imaging (ACUSON S2000™ 
Automated Breast Volume Scanner, Siemens Medical Solutions, 
Inc., CA, USA), performed within 6 months of each other 
or less (≤ 181 days interval), as well as relevant clinical data, 
were reviewed. The BI-RADS score results were divided into 
three groups according to subsequent expected management: 
BI-RADS 1 and 2 (normal study), BI-RADS 3 (probably benign 
finding), and BI-RADS 4 and 5 (suspicious finding). BI-RADS 
0 and 6 scores were excluded from the study.

The ABVS and MRI studies were interpreted by different 
radiologists, a single radiologist for each study. The studies were 
performed as part of the high risk screening, and the interpret-
ing radiologist was not blinded to the previous study result. All 
the radiologists participating in the study are proficient in breast 
MRI interpretation. Since ABVS is a new modality, the level of 
proficiency in its interpretation is lower.

StAtIStICAl AnAlySIS

The results obtained from the ABVS imaging were compared 
with those of the MRI (the gold standard). The data were 
analyzed using descriptive statistics. All statistical analysis 
calculations were performed using statistical software SPSS 
(IBM SPSS Statistics for Windows, Version 21.0. Armonk, 
NY: IBM Corp, USA). McNemar's test was carried out to 
compare the distribution of the BI-RADS results of the two 
modalities (ABVS and MRI). In addition, classification of the 
concordance of the ABVS and MRI with the BI-RADS was 
calculated using Cohen’s kappa test [17]. This test provides 
a satisfactory estimation of the agreement between the two 
modalities. We used the magnitude guidelines published by 
Landis and Koch [18], who characterized the values of k < 0 
for as indicating no agreement, k 0–0.20 slight, k 0.21–0.40 fair, 
k 0.41–0.60 moderate, k 0.61–0.80 substantial, and k 0.81–1 as 
almost perfect agreement. Statistical significance was assumed 
at P < 0.05 for all tests.

The study was approved by the Institutional Review Board 
and informed consent was obtained from all participants.

resulTs
Overall, 68 Jewish women, 40 BRCA1 and 28 BRCA2 mutation 
carriers, age range 26–69 years (mean 44.55 ± 12.1), underwent 
79 pairs of breast imaging by ABVS and MRI examinations 
between May 2012 and April 2014. Two pairs of ABVS and 
MRI examinations were excluded from the study due to ABVS 
BI-RADS category 0. Table 1 displays the distribution of the 
BI-RADS scores using the two modalities – ABVS and MRI. 
Of these, 65 examination pairs (82%) had complete concordant 
BI-RADS scores in the two modalities. In the remaining 14 
pairs, in 10 MRI scored a higher BI-RADS score (five BI-RADS  
category 3 and five BI-RADS category 4) compared with the 
ABVS score, and in 4 the ABVS BI-RADS score was higher (one 
BI-RADS category 3 and three BI-RADS category 4) than MRI 
[Table 1]. The ABVS BI-RADS category 3 follow-up ultrasound 
exam was not performed, and a matching small lesion was 
seen in the consecutive MRI unchanged in size. Three of the 
MRI BI-RADS category 3 lesions disappeared on the follow-up 
MRI, one was unchanged, and one was lost to follow-up in our 
institute. Biopsy results in the mismatching pairs when either 

Table 2. Biopsy results in the BI-RADS score 4-5 ABVS-MRI pairs

aBvs 
BI-rads 

score

MrI  
BI-rads 

score

order of 
examination: 

1: us 1st, MrI 2nd 
2: MrI 1st, us 2nd 

Time 
interval 
between 
exams 
(days)

lesion 
size 
(cm)

Benign  
(0) or 

malignant 
(1)

2 4 1 56 0.7, 0.7 0, 0

2 4 1 25 0.7 0

1 4 1 96 0.7, 1 0, 0

1 4 1 180 0.8 1

2 4 1 167 3.5* 0

4 2 2 180 0.8 0

4 2 1 103 0.5 0

4 2 2 156 1.3 x 0.3 0

4 4 2 34 0.5 (US) 
1 (MRI)

0, 0‡

*Non-mass enhancement
‡A different benign lesion was reported in each modality
ABVS = automated breast volumetric sonography, US = ultrasound,  
MRI = magnetic resonance imaging

Table 1. Distribution of the BI-RADS results using the two tested 
modalities: ABVS and MRI

MrI BI-rads score

Total1+2 3 4+5
ABVS BI-RADS 
score

1+2 63 5 5 73

3 1 1 0 2

4+5 3 0 1 4

Total 67 6 6 79

ABVS = automated breast volumetric sonography
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contributing to the lack of agreement. Only one 0.8 cm lesion 
was proved to be cancer, an invasive ductal carcinoma, detected 
only by MRI and not by ABVS performed 6 months prior to 
the MRI. This lesion was seen on second-look hand-held ultra-
sound and consequently underwent biopsy using ultrasound 
guidance, raising the possibility that if ABVS was performed 
simultaneously with MRI the lesion might have also been 
detected by ABVS.

These preliminary results that are based on a small group 
of healthy high risk patients show slight agreement between 
ABVS and breast MRI. However, most of the biopsies yielded 
benign results, suggesting that false-positive findings can occur 
with both modalities. The one cancer that was detected by MRI 
6 months after ABVS, and which was subsequently found (and 
very obviously) at second-look ultrasound, would have been 
seen on ABVS also had it been performed at the same time as 
the MRI. Therefore, we may speculate that ABVS can down-
grade high BI-RADS MRI lesions. 

lIMItAtIOnS

There are several notable limitations to this study:
•	 This was a small group of patients with a limited spectrum of 

germline mutations all evaluated in a single medical center
•	 ABVS is a new technology, and the ABVS cases in this study 

were reported by several different radiologists with varied 
experience in ABVS reporting, so interobserver differences 
may have affected accuracy

•	 In most cases ABVS and MRI were not performed on the 
same day, with an interval of up to 181 days apart, allowing 
for "interval tumor,” a tumor detected in the period between 
annual breast imaging examinations, to become detectable. 
The variable temporal gap between the two tests limited the 
ability to accurately compare between them 

•	 The lifetime risk for developing breast cancer is substantially 

examination scored BI-RADS 4-5 are shown in Table 2, includ-
ing the time interval between examinations. Of 12 biopsied 
lesions 11 were benign: 7 MRI lesions (average size 0.8 cm, not 
including 3.5 cm non-mass enhancement) and 4 ABVS lesions 
(average size 0.8 cm). Only one cancer was detected, a 0.8 cm 
invasive ductal carcinoma which was not detected by an ABVS 
performed 180 days prior to the MRI [Figure 1].

The McNemar test was applied to compare the distribution 
of the BI-RADS results as scored by the two modalities. The 
results of the McNemar test showed a non-significant difference. 
In addition, to further estimate the concordance between the 
BI-RADS classification of the two tested imaging modalities, 
Cohen’s kappa test was applied. The resultant Cohen’s kappa 
value k = 0.158 (95% confidence interval -0.11–0.42) was also 
not significant (P = 0.052). Using the agreement scale of Landis 
and Koch [18], this is assigned as "slight agreement" between 
both modalities.

dIsCussIon
Previous studies report that MRI has higher sensitivity and 
specificity than mammography alone or in combination with 
hand-held ultrasound in BRCA mutation carriers [9,19]. Some 
previous reports have also shown ABVS to be a sensitive modal-
ity for breast cancer detection [13-15] in the general and dense 
breast population. To the best of our knowledge this is the first 
study to compare between ABVS and MRI in BRCA mutation 
carriers. Using MRI as the gold standard, ABVS showed only 
"slight agreement," with MRI findings in BRCA1/2 mutation 
carriers using a validated comparison scheme.

Most biopsies in this study (11 of 12, average size 0.8 cm) 
were benign lesions. This high prevalence of benign biopsies 
was noted using both modalities, but each modality identi-
fied different benign lesions in different tested women, thus 

Figure 1. MRI subtraction of a 59 year old BRCA1 women, performed for high risk screening [a]. Posterior to the nipple of the right breast  
there is a 0.8 cm round enhancing lesion. This lesion was not seen in a 180 days prior ABVS. A second-look hand-held ultrasound 
diagnosed a compatible lesion to the MRI lesion [B]. A subsequent ultrasound-guided biopsy diagnosed it as invasive ductal carcinoma
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recommendations from the Society of Breast Imaging and the ACR on the use 
of mammography, breast MRI, breast ultrasound, and other technologies for the 
detection of clinically occult breast cancer. J Am Coll Radiol 2010; 7: 18-27.

7. Lehman CD, Blume JD, Weatherall P, et al. Screening women at high risk for breast 
cancer with mammography and magnetic resonance imaging. Cancer 2005; 103: 
1898-905.

8. Lowry KP, Lee JM, Kong CY, et al. Annual screening strategies in BRCA1 and 
BRCA2 gene mutation carriers: a comparative effectiveness analysis. Cancer 2012; 
118: 2021-30.

9. Riedl CC, Luft N, Bernhart C, et al. Triple-modality screening trial for familial 
breast cancer underlines the importance of magnetic resonance imaging and 
questions the role of mammography and ultrasound regardless of patient mutation 
status, age, and breast density. J Clin Oncol 2015; 33: 1128-35.

10. Corsetti V, Houssami N, Ferrari A, et al. Breast screening with ultrasound in 
women with mammography-negative dense breasts: evidence on incremental 
cancer detection and false positives, and associated cost. Eur J Cancer 2008; 44: 
539-44.

11. Ying X, Lin Y, Xia X, et al. A comparison of mammography and ultrasound in 
women with breast disease: a receiver operating characteristic analysis. Breast J 
2012; 18: 130-8.

12. Tozaki M, Isobe S, Yamaguchi M, et al. Optimal scanning technique to cover the 
whole breast using an automated breast volume scanner. Jpn J Radiol 2010; 28: 
325-8.

13. Brem RF, Tabar L, Duffy SW, et al. assessing improvement in detection of breast 
cancer with three-dimensional automated breast US in women with dense breast 
tissue: the SomoInsight Study. Radiology 2014; 274: 663-73.

14. Wang HY, Jiang YX, Zhu QL, et al. Differentiation of benign and malignant breast 
lesions: a comparison between automatically generated breast volume scans and 
handheld ultrasound examinations. Eur J Radiol 2012; 81: 3190-200.

15. Zhang Q, Hu B, Hu B, et al. Detection of breast lesions using an automated breast 
volume scanner system. J Int Med Res 2012; 40: 300-6.

16. Chang JM, Moon WK, Cho N, et al. Breast cancers initially detected by hand-
held ultrasound: detection performance of radiologists using automated breast 
ultrasound data. Acta Radiol 2011; 52: 8-14.

17. Cohen J. A coefficient of agreement for nominal scales. Educ Psychol Meas 1960; 
20: 37-46. 

18. Landis JR, Koch GG. The measurement of observer agreement for categorical data. 
Biometrics 1977; 33: 159-74.

19. Kuhl CK, Schrading S, Leutner CC, et al. Mammography, breast ultrasound, and 
magnetic resonance imaging for surveillance of women at high familial risk for 
breast cancer. J Clin Oncol 2005; 23: 8469-6.

higher in BRCA gene mutation carriers than in the general 
population by a factor of up to sevenfold, yet even among 
cases at a substantially increased breast cancer risk, a large 
group of patients should be examined in order to evaluate 
and compare cancer detection rates between modalities. 
Subsequent larger studies in ethnically distinct populations 
with longer follow-up are needed to further evaluate ABVS 
ability for early detection of breast cancer.

In conclusion, the current study shows that in high risk BRCA 
mutation carriers ABVS and MRI have a high false-positive rate 
in detecting clinically relevant lesions. However, given the small 
number of participants and the limited number of imaging-
related anomalies, more studies are clearly needed before any 
firm conclusion can be drawn.
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Recent reports suggested that chronic herpes virus infection, 
as a constituent of the so-called virome, may not only exert 
harmful effects but may also be beneficial to the host, for 
example mediating increased resistance to secondary infections 
or to tumors. To further challenge this concept, specifically 
regarding increased resistance to tumors, Raffegerst et al. 
infected chimeric HLA-DR4-H2-E (DR4) mice, a mouse strain 
which spontaneously develops hematological tumors, with the 
rodent herpes virus murine gamma herpes virus 68 (MHV-68). 
Using this model, the authors observed that infection with 
wildtype MHV-68 completely prevented tumor formation. This 

happened, however, at the cost of hyposplenism. In contrast 
to wildtype infection, infection with a latency-deficient 
mutant of MHV-68 neither prevented tumor formation nor 
induced hyposplenism. The underlying mechanisms are not 
known but might be related to an infection-mediated priming 
of the immune response, resulting in the suppression of a 
tumor promoting endogenous retrovirus. Thus, under certain 
circumstances, chronic herpes virus infection may prevent the 
development of tumors.
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“I am so clever that sometimes I don’t understand a single word of what I am saying”
oscar Wilde (1854-1900), Irish playwright, novelist, essayist, and poet who became one of London’s most popular playwrights in the 

early 1890s. He is remembered for his epigrams, his novels, his plays, as well as the circumstances of his imprisonment and early death




