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Abstract

Background: Mammography is not widely available in all countries, and breast cancer incidence is increasing. We 
considered performance characteristics using ultrasound (US) instead of mammography to screen for breast cancer.

Methods: Two thousand eight hundred nine participants were enrolled at 20 sites in the United States, Canada, and 
Argentina in American College of Radiology Imaging 6666. Two thousand six hundred sixty-two participants completed 
three annual screens (7473 examinations) with US and film-screen (n = 4351) or digital (n = 3122) mammography and had 
biopsy or 12-month follow-up. Cancer detection, recall, and positive predictive values were determined. All statistical tests 
were two-sided.

Results: One hundred ten women had 111 breast cancer events: 89 (80.2%) invasive cancers, median size 12 mm. 
The number of US screens to detect one cancer was 129 (95% bootstrap confidence interval [CI] = 110 to 156), and for 
mammography 127 (95% CI = 109 to 152). Cancer detection was comparable for each of US and mammography at 58 of 
111 (52.3%) vs 59 of 111 (53.2%, P = .90), with US-detected cancers more likely invasive (53/58, 91.4%, median size 12 mm, 
range = 2–40 mm), vs mammography at 41 of 59 (69.5%, median size 13 mm, range = 1–55 mm, P < .001). Invasive cancers 
detected by US were more frequently node-negative, 34 of 53 (64.2%) vs 18 of 41 (43.9%) by mammography (P = .003). 
For 4814 incidence screens (years 2 and 3), US had higher recall and biopsy rates and lower PPV of biopsy (PPV3) than 
mammography: The recall rate was 10.7% (n = 515) vs 9.4% (n = 453, P = .03), the biopsy rate was 5.5% (n = 266) vs 2.0% 
(n = 97, P < .001), and PPV3 was 11.7% (31/266) vs 38.1% (37/97, P < .001).

Conclusions: Cancer detection rate with US is comparable with mammography, with a greater proportion of invasive and 
node-negative cancers among US detections. False positives are more common with US screening.

Worldwide, the number of breast cancer cases is increasing, 
with 1.4 million new cases globally in 2008 (1), over 1.6 mil-
lion cases in 2010 (2), and projections of 2.1 million by 2030 (1). 
Nearly half of this burden is observed in developed countries, 
many of which have organized screening. Fully 23% of global 
breast cancer cases are seen in women age 15 to 49  years in 
developing countries (2). More importantly, even after correcting 
for the increasing number of cases, deaths from breast cancer 

are increasing worldwide, with 425 000 deaths in 2010, including  
68 000 in women age 49  years or younger in developing  
countries (2).

While advances in treatment have improved outcomes from 
breast cancer, axillary lymph node status remains the most 
important prognostic factor. Clinically detected cancers are 
larger, with median size of 2.6 cm, compared with those found 
with screening mammography, with median size of 1.5 cm (3). 

http://www.oxfordjournals.org/
mailto:wendieberg@gmail.com?subject=
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Cancers found clinically are more likely to show axillary nodal 
metastases: 38% to 45% are node positive compared with 18% to 
25% of cancers detected by mammography screening (4,5).

The mortality benefit from mammographic screening is 
because of identification of node-negative invasive cancers (6). 
In randomized controlled trials, a 15% reduction in breast can-
cer mortality has been observed in women age 40 to 49 years 
at entry, and a 22% reduction in women age 50 to 74 years (7). 
The reduced benefit from mammography in younger women 
is because of several factors, including the masking effects of 
dense parenchyma, which is more common in younger women 
(8), and also because cancers are more often rapidly growing 
invasive cancers, which may present clinically in the interval 
between screens (9).

Mammography is not widely available in developing coun-
tries. A test that detects node-negative invasive cancers as well 
as or better than mammography, with cancer detection not lim-
ited by breast density, portable, less expensive, and not using 
ionizing radiation, could contribute to breast cancer mortality 
reduction worldwide.

In the prospective international multicenter American 
College of Radiology Imaging Network (ACRIN) protocol 6666, 
a statistically significant increase in cancer detection was 
observed when physician-performed whole-breast screening 
ultrasound (US) was added to mammography (10,11). In ACRIN 
6666, screening US was performed and interpreted indepen-
dently of mammographic results. The study affords the oppor-
tunity to consider performance characteristics of programmatic 
breast cancer screening using US alone, while also comparing 
results with those observed with screening mammography in 
the same participants.

Methods

Participants

Participants were asymptomatic women with heterogeneously 
or extremely dense breast tissue (12) in at least one quadrant 
and at least one other risk factor for breast cancer (prior-
itized as in [11] and detailed in the Supplementary Materials, 
available online). Participants were at least age 25  years 
(median  =  55  years, range  =  25–91  years) at study entry and 
provided written, informed consent at their initial visit. Two 
thousand eight hundred nine women were recruited from 20 
sites (18 in the United States, one in Buenos Aires, Argentina, 
and one in Toronto, Ontario, Canada; one other site quali-
fied but did not enroll participants) between April 2004 and 
February 2006, of whom 2725 were eligible. Two thousand six 
hundred fifty-nine women completed the initial screen with 
suitable reference standard of follow-up or biopsy, as did 2493 
women in year 2 and 2321 women in year 3 (for a total of 7473 
paired screening examinations in 2662 unique participants, 
as detailed in the Supplementary Materials, available online, 
and in [11]). Based on self-assigned race/ethnicity, 2467 of 2659 
(92.8%) women at first screen were Caucasian, 265 (10%) were 
Hispanic, 91 (3.4%) were African American, and 90 (3.4%) were 
Asian, with accrual at each site paralleling local population 
demographics.

Web-based data capture and quality monitoring were con-
ducted by ACRIN’s Biostatistics and Data Management Center 
(Center for Statistical Sciences, Brown University, Providence, 
RI, and ACRIN Headquarters, Philadelphia, PA, respectively). 
The study was Health Insurance Portability and Accountability 
Act–compliant and received institutional review board approval 

from all participating sites, ACRIN and National Cancer Institute 
Cancer Imaging Program approval, and data and safety monitor-
ing committee review every six months.

Screening Methods

Each participant underwent three rounds of mammographic and 
physician-performed ultrasonographic screening examinations 
at 0  months (screen 1), 12  months (screen 2), and 24  months 
(screen 3) in a randomized order assigned prior to initial study 
imaging. Reference standard was available for 2662 unique par-
ticipants: 2659 women screened initially, 2493 women at screen 
2, and 2321 women at screen 3. At least two-view mammogra-
phy was performed using either screen-film (n = 4351) or digi-
tal (n = 3122) technique. Ultrasound was physician performed 
using handheld high-resolution linear array broad bandwidth 
transducers with maximum frequency of at least 12 MHz using 
standard technique and documentation (13). The radiologist 
performing and interpreting the screening US and a different 
radiologist interpreting the study mammogram were not per-
mitted to know the results of the other current screening exami-
nation until their interpretations had been recorded, although 
prior breast imaging (if any) was available together with risk fac-
tor and biopsy/surgical history.

Assessments for each breast and lesion were recorded using 
Breast Imaging–Reporting and Data System (BI-RADS) (12,14,15). 
An expanded seven-point BI-RADS assessment scale was used 
at the lesion and breast level: 1, negative; 2, benign; 3, probably 
benign; 4a, low suspicion; 4b, intermediate suspicion; 4c, mod-
erate suspicion; and 5, highly suggestive of malignancy. Further 
details of screening methods are included in the Supplementary 
Materials (available online).

Reference Standard

Reference standard was cancer based on biopsy within 365 days 
of mammographic screening or no cancer based on a mini-
mum clinical follow-up of one year. Each mammographic and 
US screen was targeted to occur 365  days after the previous 
annual screening. A complete examination of all study breasts 
performed more than 11 full months after the previous screen 
was considered the next annual screen. A  diagnosis of inva-
sive or intraductal breast cancer was considered disease posi-
tive. Further details of reference standard are included in the 
Supplementary Materials (available online).

Statistical Considerations

The primary unit of analysis was the participant (evaluated at 
an annual screening session). As in the original report of the 
primary analysis for ACRIN 6666 (10), a participant’s BI-RADs 
score and recommendation were derived as the BI-RADS score 
from the breast with cancer, or, for participants without can-
cer, the maximum breast-level BI-RADS score. For a participant 
with verified cancer diagnosed during the study, the breast with 
cancer was excluded from analysis for the next annual screen. 
As per the 5th edition of BI-RADS (16), a recommendation for 
additional diagnostic testing or biopsy prior to the next screen-
ing round (ie, a “recall”) was considered test positive, including 
all BI-RADS assessments of 4a, 4b, 4c, or 5; an assessment of 
BI-RADS 3 was also considered test positive provided the recom-
mendation was for short-interval (usually 6 months) follow-up, 
additional imaging, or biopsy.

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv367/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv367/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv367/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv367/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv367/-/DC1
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The sensitivity, specificity, recall rate, positive predictive 
value of recall (PPV1), and positive predictive values of partic-
ipant-level biopsies recommended (PPV2) and biopsies per-
formed (PPV3) were estimated. Invasive tumor size was recorded. 
Results of nodal staging were reported when performed, but 
nodal staging was not performed in women with a personal his-
tory of axillary nodal dissection prior to study entry.

Data were analyzed using SAS v. 9.3 (SAS Institute Inc., Cary, 
NC). Sensitivity levels and specificity levels estimated for indi-
vidual years were compared using exact McNemar’s test; 95% 
Wilson confidence intervals (CIs) were provided for individual 
proportions (proc freq, SAS v. 9.3). Comparisons of proportions 
estimated from the data spanning multiple years (eg, sensitiv-
ity or specificity for year 2 and 3 screenings combined), as well 
as tests for trend, were performed using generalized estimating 
equation (GEE) model for binary data (proc genmod, SAS, v. 9.3) 
accounting for possible correlation between assessments of the 
same patient. Cluster bootstrap (17) with participants as resa-
mpling units, based on 10 000 resamples, was used for estimat-
ing 95% CIs for the difference in rates as well as for individual 
proportions estimated from the data combining multiple years. 
To evaluate the sensitivity of the primary results to clustering 
within the 20 centers, we additionally performed cluster boot-
strap with sites as resampling units. All presented analyses are 
exploratory, following the primary analysis comparing the com-
bination of mammography and ultrasound to mammography 
alone (10,11). The reported P values and 95% confidence inter-
vals are two-sided, with .05 threshold used for statistical signifi-
cance assessments.

Results

Cancer Detection

Across 7473 screens in 2662 unique participants, 110 women 
were diagnosed with 111 breast cancer events; one participant 
was diagnosed initially in year 1, then with contralateral can-
cer in year 3. Of the 111 cancers, 89 (80.2%) were invasive, with 
median size of 12 mm (range 1 to 55 mm) and 57 of 70 (81%) with 
nodal staging were node negative.

The number of US screens needed to detect one cancer 
was 129 (95% CI = 110 to 156), and for mammography 127 (95% 
CI = 109 to 152). The total number of cancers detected was com-
parable across modalities, at 58 of 111 (52.3%) for US and 59 of 
111 (53.2%) for mammography (P = .90, with 95% CI for the differ-
ence from -14.4% to 12.6 %) (Table 1). The cancer detection rate 
with US was 9 per 1000 in year 1 (95% CI = 6.1 to 13.4) and 7.1 per 
1000 in years 2 and 3 (95% CI = 5.2 to 9.1); these rates were sta-
tistically nonsignificantly different (P = .54 and .53) from those of 
mammography at 7.5 per 1000 in year 1 (95% CI = 4.9 to 11.6) and 
8.1 per 1000 in years 2 and 3 (95% CI = 6.2 to 10.2). Of 89 invasive 
cancers, 53 (59.6%) were detected by US and 41 (46.1%) by mam-
mography (P = .11) (Table 1).

There were no statistically significant differences in propor-
tions of detected cancers in participants of different breast den-
sity or age groups (Table 2). The rate of cancer detection only by 
US and not mammography appeared to increase with increas-
ing breast density, at three of 17 (17.6%) cancers in breasts that 
were visually 26% to 40% dense mammographically, and six of 
16 (37.5%) of cancers in breasts that were visually more than 
80% dense, though the trend was not statistically significant 
(P  =  .11) and estimate of density was subjective. For invasive 
cancers, two of 10, 20.0%, were seen only on US in breasts that 
were visually 26% to 40% dense and six of 12, 50.0%, were seen 

only on US in breasts that were visually more than 80% dense 
(Ptrend = .06) (Table 3).

Despite close similarity in total number of detected cancers, 
the vast majority of cancers detected by US were invasive (53/58, 
91.4%, median size = 12 mm, range = 2–40 mm), compared with 
41 of 59 (69.5%, median size = 13 mm, range = 1–55 mm) by mam-
mography (bootstrap P < .001), and invasive cancers depicted by 
US were statistically significantly more frequently node nega-
tive (34/53, 64.2%) compared with those seen on mammogra-
phy (18/41, 43.9%, bootstrap P = .003). The differences remained 
statistically significant in the cluster bootstrap with sites as re - 
sampling units. Cancers seen only on screening US were all stage 
IIA or lower (Table 4). Among 89 invasive cancers, 30 (33.7%) were 
seen only with US and 18 (20.2%) only with mammography.

DCIS was much more likely to be detected by mammogra-
phy, with 18 of 22 (81.8%) seen on mammography compared 
with only five of 22 (22.7%) by US (P =  .002, Table 1). Two of 22 
(9.1%) DCIS were seen only on US (one high nuclear grade and 
one intermediate nuclear grade).

False Positives

For 2659 first study screens with reference standard, of which 
over 98% were incidence screens for mammography (ie, a prior 
screening mammogram was available) and just over 11% were 
incidence screens for ultrasound (10), US prompted recall of 
more women than mammography (555, 20.9%, vs 306, 11.5%, P 
< .001) (Table 1). When comparing incidence screens in years 2 
and 3 for both modalities, the recall rate of US at 515 of 4814 
(10.7%) was comparable with, although still slightly higher than, 
mammography, at 453 of 4814 (9.4%, P  =  .03). Of 7362 screens 
in women without cancer, 1012 were recommended for fur-
ther testing prior to the next screening US (overall specific-
ity = 86.3%). Overall, 810 of 2552 (31.7%, 95% CI = 30.0% to 33.6%) 
unique women without cancer were recalled at least once dur-
ing the three screening rounds because of US compared with 
591 of 2552 (23.2%, 95% CI = 21.6% to 24.8%) prompted by mam-
mography (P < .001) (Table 5). When results of mammography 
and US were integrated, 294 recalls were avoided: 1107 of 2552 
(43.2%) participants without cancer were actually recalled.

At the per-screen level, the overall specificity of US was 
lower than that of mammography: 6350 of 7362 (86.3%) vs 6662 
of 7362 (90.5%, P < .001) (Table 1). The difference remained highly 
statistically significant in the cluster bootstrap analysis with 
sites as resampling units. The age-based and breast density–
based distributions of the false-positive results for individual 
screens are summarized in Table 6. False-positive recalls from 
US decreased with increasing patient age (P = .002) (Table 6), a 
tendency observed for mammography as well but not statisti-
cally significant (P = .13). More false positives were seen with US 
with increasing breast density (P = .03) (Table 6), but no consist-
ent trend was observed for mammography (P = .25). The greatest 
increases in false positives with US compared with mammogra-
phy (P < .001) were in women age 40 to 69 years and for women 
with density visually estimated from mammograms at greater 
than 40%.

Likelihood of cancer was lower with US than mammography 
for each of recall (PPV1), biopsies recommended (PPV2), and biop-
sies performed (PPV3) (Table 1). For incidence screening (years 2 
and 3), short-term follow-up rates were previously reported (11) 
as 3.9% (190/4814) for US vs 1.6% for mammography (76/4814, 
and this difference was statistically significant, P < .001); biopsy 
rate was 5.5% (266/4814) vs 2.0% (97/4814, P < .001), and PPV3 of 
biopsies performed was 11.7% (31/266) vs 38% (37/97) (P < .001).
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Discussion

Many developing countries lack any screening for breast cancer. 
US is an important test for evaluating palpable breast lumps as 
it affords direct correlation of clinical and imaging findings and 
its use has begun in developing countries (18,19). Even low-cost 

(approximately $15 000), portable US systems are now equipped 
with high-resolution linear transducers (12 MHz or higher) and 
are effective at distinguishing simple cysts from suspicious 
masses (20). The equipment used in this study, between 2004 
and 2008, is comparable with what is now available on low-cost 
devices. We found that, despite a higher rate of false positives, 

Table 2. Breast cancer detection by ultrasound or mammography for categories of visually estimated breast density and participant age at time 
of screening across three annual screening rounds

Screen  
characteristic

Screens with cancer US sensitivity
Mammography  

sensitivity

Difference in  
sensitivity of 

US vs  
mammography

US but not  
mammography  

detections

No. cancers/ 
No. screens (Incidence, %)

No. detected/ 
No. Cancers (%)

No. detected/ 
No. Cancers (%) Estimate P*

No. detected/ 
No. cancers (%)

Density, %
 ≤25 1/128 (0.8) 0/1 (0.0) 0/1 (0.0) 0.0 1.00 0/1 (0.0)
 26–40 17/710 (2.4) 9/17 (52.9) 11/17 (64.7) -11.8 .73 3/17 (17.6)
 41–60 36/2390 (1.5) 18/36 (50.0) 21/36 (58.3) -8.3 .66 9/36 (25.0)
 61–80 41/2890 (1.4) 22/41 (53.7) 18/41 (43.9) 9.8 .54 14/41 (34.1)
 >80 16/1352 (1.2) 9/16 (56.3) 9/16 (56.3) 0.0 1.00 6/16 (37.5)
 Ptrend† --- --- --- .65 --- .38 .39 --- --- .11‡
 Unknown 0/3 (0) 0/0 (NA) 0/0 (NA) NA NA 0/0 (NA)
Age, y
 <40 2/289 (0.7) 1/2 (50.0) 2/2 (100) -50.0 1.00 0/2 (0.0)
 40–49 16/1538 (1.0) 8/16 (50.0) 7/16 (43.8) 6.3 1.00 6/16 (37.5)
 50–69 79/4916 (1.6) 39/79 (49.4) 42/79 (53.2) -3.8 .76 20/79 (25.3)
 >69 14/730 (1.9) 10/14 (71.4) 8/14 (57.1) 14.3 .75 6/14 (42.9)
 Ptrend† --- --- --- .27 --- .69 .68 --- --- .68‡

* Two-sided Exact McNemar’s test. NA = not applicable; US = ultrasound.

† Using two-sided Wald test for the factor’s coefficient of the generalized estimating equation model accounting for possible correlation between assessments of the 

same patients (proc genmod, SAS, v. 9.3, Cary, NC). The test for trend was performed for the two lowest categories grouped together; conclusions remain the same 

with for the test for trend with presented categories.

‡ Care must be taken in interpreting P values for “US but not mammography detections” because of post hoc nature of the analyses and sparse data.

Table 3. Invasive breast cancer detection by ultrasound or mammography for categories of visually estimated breast density and participant 
age at time of screening across three annual screening rounds

Screen  
characteristic

Screens with cancer US Mammography
Difference in US 

vs mammography

US, but not  
mammography 

detections

No. cancers/ 
No. screens (Incidence, %)

No. detected/ 
No. cancers (%)

No. detected/ 
No. cancers (%) Estimate, % P*

No. detected/ 
No. cancers (%)

Density, %
 ≤25 1/128 (0.8) 0/1 (0.0) 0/1 (0) 0.0 1.00 0/1 (0.0)
 26–40 10/710 (1.4) 6/10 (60.0) 6/10 (60) 0.0 1.00 2/10 (20.0)
 41–60 30/2390 (1.3) 16/30 (53.3) 17/30 (56.7) -3.3 1.00 8/30 (26.7)
 61–80 36/2890 (1.2) 22/36 (61.1) 13/36 (36.1) 25.0 0.06 14/36 (38.9)
 >80 12/1352 (0.9) 9/12 (75.0) 5/12 (41.7) 33.3 0.29 6/12 (50.0)
 Ptrend† --- --- .23 --- .19 --- .08 .06‡ ---
 Unknown 0/3 (0) 0/0 (NA) 0/0 (NA) NA 0/0 (NA)
Age, y
 <40 1/289 (0.3) 1/1 (100.0) 1/1 (100.0) 0.0 1.00 0/1 (0.0)
 40–49 14/1538 (0.9) 8/14 (57.1) 5/14 (35.7) 21.4 0.51 6/14 (42.9)
 50–69 61/4916 (1.2) 34/61 (55.7) 28/61 (45.9) 9.8 0.36 18/61 (29.5)
 >69 13/730 (1.8) 10/13 (76.9) 7/13 (53.8) 23.1 0.51 6/13 (46.2)
 Ptrend† --- --- .38 --- .47 --- .94 .80‡ ---

* Two-sided exact McNemar’s test. NA = not applicable; US = ultrasound.

† Using two-sided Wald test for the factor’s coefficient of the generalized estimating equation model accounting for possible correlation between assessments of the 

same patients (proc genmod, SAS, v. 9.3, Cary, NC). The test for trend was performed for the two lowest categories grouped together; conclusions remain the same 

with for the test for trend with presented categories.

‡ Care must be taken in interpreting P values for “US but not mammography detections” because of the post hoc nature of the analyses and sparse data.
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screening US depicted a similar number of cancers as did mam-
mography but with statistically significantly higher proportions 
of invasive and node-negative invasive cancers.

We are not the first to suggest that US could replace mam-
mography in some women, though prior reports are limited 
to women with symptoms. In 3129 symptomatic women in 
Thailand, US showed an area under the curve of 0.962, which 
was better than mammography at 0.954 (P  =  .015), and add-
ing mammography to US produced statistically insignificant 
improvement (21). In 1208 focally symptomatic women age 30 
to 39 years, Lehman et al. (22) found higher sensitivity for US 
than mammography among the 23 (1.9%) women with can-
cer, with 22 of 23 (95.6%) cancers seen by US and only 14 of 23 
(60.9%) with mammography (P  =  .0098), albeit with a higher 
false-positive rate for US. They suggest that mammography may 
have been unnecessary in such women, with only one second 

malignancy seen only on mammography (22). Mistry et al. (23) 
reported that no cancers would have been missed in women age 
35 to 39 years if United Kingdom best practice guidelines rec-
ommending that only US be performed in symptomatic women 
under age 40 years had been followed. Houssami et al. (24) found 
higher sensitivity of US than mammography among sympto-
matic women age 45 years and younger at the same specificity. 
In ACRIN 6666, we found no difference in cancer detection rates 
by US or mammography in categories of age or breast density.

One barrier to implementing any screening program is the 
harm of false positives. As has been observed in some (25,26), but 
not all (27,28), prior studies of mammography, we found false posi-
tives more common in younger women on US but not mammog-
raphy. In our study, with increasing breast density, false positives 
increased for US but not mammography, although increasing false 
positives have been observed in prior studies of mammography 
(27,29). Availability of prior comparison examinations reduces 
false-positive recalls for all breast imaging modalities to date (30–
32). In this study, recall rates decreased from 20.9% for the first 
screening US to 10.7% in years 2 and 3. Weigert recently reported 
(33) that by year 3 technologist-performed screening US across 
multiple practices in Connecticut prompted false-positive recalls 
for only 7.7% of women in year 3, compared with 13.8% in year 1 
(34). In a separate analysis from ACRIN 6666 (35), we showed that 
probably benign masses seen only on US, assessed as BI-RADS 3, 
can be followed at one year (obviating initial 6-month follow-up or 
biopsy), which could greatly reduce additional testing prompted 
by screening US. Similarly, we found no malignancies among mul-
tiple bilateral circumscribed benign-appearing masses identified 
on screening US and now recommend BI-RADS 2 assessment (36).

There are several limitations to our analysis. We observed 
more invasive cancers detected by US than by mammography; 
however, a larger study is needed to statistically support greater 
sensitivity of US to invasive cancers. Only 41.8% (3122/7473) of 
mammograms in this study were performed with digital tech-
nique, which may slightly underestimate cancer detection by 
mammography (25), particularly because our study was enriched 
in women with dense breasts. Importantly, we reported no dif-
ference in supplemental yield of US after digital vs film screen 
mammography (11). All of our study participants had at least one 
risk factor in addition to breast density; cancer detection rates are 
expected to be lower in lower-prevalence populations, and biopsy 
rates may have been artificially high in this population because 
of both patient and radiologist concerns in this elevated-risk 

Table 4. Stage distribution of 111 breast cancer events in 2662 wom-
en screened with ultrasound and mammography for three years by 
method of cancer detection

Stage*
US 

only
Mammography 

only

Both  
mammography 

and US MRI†
Clinically 
detected‡

0 2 15 3 1 0
I 25 11 9 7 5
IIA 5 3 10 1 1
IIB 0 1 1 0 0
IIIA 0 1 0 0 0
IIIB 0 0 2 0 3
IIIC 0 1 0 0 0
IV 0 1 1 0 0

* According to American Joint Committee on Cancer 7th edition (46). US = ultra-

sound.

† Among a subset of 612 women who had a single screening MRI examination 

after the third round of screening mammography and US, nine women were 

diagnosed with cancer seen only on MRI, including one woman diagnosed on 

MRI in year 3 after an initial contralateral diagnosis by mammography only in 

year 1.

‡ There were two other cancers detected that were not seen on study imaging 

or clinically: One woman was diagnosed with ductal carcinoma in situ (stage 

0) because of computer-assisted detection applied to mammography after 

study results were recorded, and another woman with a pathogenic BRCA1 

mutation was found to have a 7 mm grade 3 invasive ductal carcinoma (stage I) 

on off-study MRI six months after the third screening round.

Table 5. Cumulative unique participants recalled or biopsied because of ultrasound or mammography for 2662 women during the three-year 
period

Performance  
characteristic

US Mammography

Absolute percent  
difference US vs  
mammography

No./total  
participants

Rate  
(95% CI*)

No./total  
participants

Rate  
(95% CI*) Estimate P†

Overall recall rate 877/2662 32.9 (31.2 to 34.7) 657/2662 24.7 (23.1 to 26.3) 8.26 <.001
Cancer patients recalls 58/110‡ 52.7 (43.5 to 61.8) 59/110 53.6 (44.3 to 62.7) -0.91 1.00
Cancer patients recalls for wrong reason§ 9/110 8.2 (4.4 to 14.8) 7/110 6.4 (3.1 to 12.6) 1.82 .79
Noncancer patients recalls 810/2552 31.7 (30.0 to 33.6) 591/2552 23.2 (21.6 to 24.8) 8.58 <.001
Overall biopsy rate 447/2662 16.8 (15.4 to 18.3) 157/2662 5.9 (5.1 to 6.9) 10.89 <.001
Noncancer patients biopsy (at least one) 390/2552 15.3 (13.9 to 16.7) 100/2552 3.9 (3.2 to 4.74) 11.36 <.001

* 95% Wilson confidence limits for simple proportions. CI = confidence interval; US = ultrasound.

† Two-sided exact McNemar’s test.

‡ One hundred ten women were diagnosed with 111 cancer events (one woman diagnosed in year 1 was diagnosed with contralateral cancer in year 3).

§ Women recalled prior to the appearance of the confirmed cancer or because of finding in a cancer-free location.
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population. In an average-risk population using an automated 
arm for screening US, a 3.6 per 1000 cancer detection rate was 
maintained, but only 3% of women were recommended for 
biopsy and 31% of biopsies showed cancer (37). Results from addi-
tional screening US series are discussed in the Supplementary 
Materials (available online). Most participants in this study were 
Caucasian, and 94% had breasts less than 4 cm thick (10). High-
frequency US image quality degrades with deep lesions (>3 cm), 
and our results would not be generalizable to women with very 
large breasts. All ACRIN 6666 radiologist investigators had inter-
preted at least 500 breast US examinations in the preceding two 
years and successfully completed phantom scanning (38), train-
ing in BI-RADS:US (39), and interpretive skills tasks (40). Using 
the same scanning and documentation approach, results with 
technologist-performed prevalence screening US to date show 
slightly lower cancer detection rates, PPV1, and PPV3, as summa-
rized by Berg and Mendelson (13), possibly reflecting lower cancer 
prevalence in the populations screened. Importantly, Tohno et al. 
(41) reported that technologists in Japan performed better than 
physicians in detecting cancer during a two-day training course 
for handheld US screening. Training would be necessary for any 
facility planning to offer screening US (42), also true for devel-
oping countries. With appropriate training, US is no more opera-
tor dependent than interpreting mammography (43,44). Finally, 
while we had previously shown that invasive lobular cancer and 
low-grade invasive ductal carcinoma are overrepresented among 
cancers seen only on US (11), we do not have detailed molecular 
subtype results for the cancers in this study.

In summary, cancer detection by US was shown to be very 
similar to mammography, and the vast majority of cancers seen 
with US were invasive and node negative. While the false-pos-
itive rate of US exceeds that of mammography, the number of 
women recalled for extra testing becomes comparable on inci-
dence screening rounds. Although further validation is war-
ranted, these results suggest that screening US could be a viable 

alternative to mammography in countries lacking organized 
screening, particularly with availability of low-cost, portable US 
systems. Where mammography is available, US should be seen 
as a supplemental test for women with dense breasts who do 
not meet high-risk criteria for screening MRI and for high-risk 
women with dense breasts who are unable to tolerate MRI (45).
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