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Purpose: To apply previously published benefit-to-risk ratio methods for mammography and molecular breast imaging (MBI) risk esti-
mates to an expanded range of mammographic screening techniques, compressed breast thicknesses, and screening views.

Materials and Methods: Only previously published estimates were used; therefore, this study was exempt from the requirement to obtain 
institutional review board approval. Benefit-to-risk ratios were calculated as the ratio of breast cancer deaths averted and lives lost to 
screening over 10-year intervals starting at age 40 years for MBI, two-dimensional (2D) full-field digital mammography (FFDM) 
alone, 2D FFDM with synthetic mammography, and 2D FFDM with tomosynthesis for two-, four-, and five-view screening mam-
mography and compressed breast thicknesses of 20–29 mm, 50–59 mm, and 80–89 mm.

Results: Central estimates of the benefit-to-risk ratios ranged from 3 to 179 for screening mammography and from 5 to 9 for MBI. 
Benefit-to-risk ratios for MBI were inferior to those for mammography for most scenarios, but MBI may be performed at an equal or 
superior benefit-to-risk ratio for women aged 40–59 years with a compressed breast thickness of at least 80 mm and for those under-
going mammographic screening examinations with four or five views per breast. The benefit-to-risk ratios across all ages with use of 
tomosynthesis plus 2D FFDM as a screening examination were 45% lower than those for tomosynthesis plus synthetic mammography.

Conclusion: Benefit-to-risk ratios for MBI are within the lower range of those for mammography when accounting for variation in 
mammography technique, compressed breast thickness, and age. Benefit-to-risk ratios of synthetic mammography plus tomosynthesis 
are superior to those of tomosynthesis plus 2D FFDM.

© RSNA, 2019

In molecular breast imaging (MBI), intravenous injec-
tion of technetium 99m (99mTc)–sestamibi is used to 

image breasts with dedicated dual-head cadmium zinc 
telluride detectors, with drawn doses of 99mTc-sestamibi 
of approximately 240–300 MBq (6.5–8 mCi) (1). Con-
cerns regarding systemic radiation exposure have limited 
the widespread use of MBI as an adjunct breast imaging 
modality (1–3). Prior studies estimating the benefit-to–
radiation risk of MBI and prior-generation breast-specific 
gamma imaging have concluded that the benefit-to–ra-
diation risk ratios for breast imaging with 99mTc-sestamibi 
are inferior to those with two-dimensional (2D) full-field 
digital screening mammography (FFDM) (4,5). How-
ever, the utility of such theoretical estimates has been 
questioned (1,6,7).

Prior benefit-to–radiation risk ratio estimates consid-
ered only two-view screening mammography, comparing 
2D FFDM with MBI (4,5). Currently, screening mam-
mography is performed with a variety of techniques that 
include 2D FFDM alone, tomosynthesis plus 2D FFDM, 
and tomosynthesis plus synthetic mammography, with 
radiation dose varying among these techniques (8–10). 
Radiation dose at screening mammography also varies 

according to compressed breast thickness and number of 
views obtained (11,12).

The primary objective of our study was to apply pre-
viously published methods for estimating benefit-to-risk 
ratios for 2D FFDM and MBI (4,5) to estimates of bene-
fit-to-risk ratios for tomosynthesis plus 2D FFDM and to-
mosynthesis plus synthetic mammography. We calculated 
benefit-to-risk ratios for various compressed breast thick-
nesses and number of views to include a standard two-view 
screening examination in addition to four- and five-view 
screening examinations, as used for women with breast 
implants or, potentially, those with large breasts (13). We 
hypothesized that benefit-to-risk estimates for mammog-
raphy will demonstrate wide variation according to imag-
ing technique, compressed breast thickness, and number 
of views and that the benefit-to-risk ratios for MBI may be 
equivalent to those for mammography in certain scenarios.

Materials and Methods
We applied the benefit-to-risk ratio method for mammog-
raphy and MBI used by Hendrick and Tredennick (4) to 
2D FFDM alone, 2D FFDM plus tomosynthesis, and 
tomosynthesis plus synthetic mammography at various 
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of 1.2 cancers per 1000 women screened (17). Because detection 
rates are per 1000 women screened, the sum was multiplied by 
100 to convert to deaths averted per 100 000 women screened.

In accordance with the study by Hendrick and Tredennick 
(4), we used a central estimate of 20% (range, 15%–25%) for 
the probability of a woman with breast cancer dying from that 
cancer in the absence of screening based on estimates from the 
Cancer Intervention and Surveillance Modeling Network in 
2009 and 2016 (18,19). We similarly used a central estimate of 
20% (range, 15%–40%) for the probability that early detection 
with screening will avert a breast cancer death.

Radiation-induced mortality secondary to screening was cal-
culated as lives lost to screening (LLS). This is found by con-
sidering the product of the organ-specific estimates of radiation 
dose and the organ- and age-specific lifetime attributable risk 
for cancer mortality (LARi[e], where i refers to the organ and e 
to the age at exposure). These variables are considered for each 
year of screening and were summed for each 10-year interval of 
interest, as follows:

,

where the summation over e is from e = b, the beginning of the 
age of screening interval, to e = b + 9, with b = 40, 50, 60, or 70 
years of age. The summation over i includes all organs receiving 
a nonnegligible radiation dose.

For 2D FFDM and tomosynthesis, the breast is the only or-
gan exposed to a substantial radiation dose. For standard screen-
ing mammography, two views of each breast are considered. 
Estimates for four and five views of each breast will also be con-
sidered, according to standard breast implant screening protocols 
(13). For all mammographic screening, 2D FFDM alone, 2D 
FFDM plus tomosynthesis, and tomosynthesis with synthetic 
mammography are considered. Synthetic mammography is as-
sumed to add no additional radiation dose to a screening study.

As in the study by Hendrick and Tredennick (4), for MBI we 
assumed that the administered dose was 240 MBq (6.4 mCi) of 
99mTc-sestamibi summed over all internal organs stated to receive 
a radiation dose.

Lifetime radiation-induced mortality for all modalities was 
estimated by using the U.S. National Academy of Sciences 
Biologic Effects of Ionizing Radiation VII report (20). In this 
report, age-dependent cancer incidence and mortality risks are 
estimated on the basis of data from high-level ionizing radiation 
exposure. Extrapolation to the lower organ doses used in diag-
nostic imaging, including mammography and MBI, assumed a 
linear, no-threshold model.

Benefit-to-risk ratios are the ratio of estimated cancer deaths 
averted per 100 000 women screened to the estimated radiation-
caused cancer deaths per 100 000 women screened. It was cal-
culated over 10-year intervals, starting at age 40, 50, 60, and 70 
years for MBI, mammography plus tomosynthesis, 2D FFDM 
alone, and tomosynthesis with synthetic mammography.

Results
Table 1 shows the estimated mortality benefit for annual 
screening over 10-year age ranges in terms of breast cancer 

compressed breast thickness ranges. To account for advances in 
mammography equipment, radiation doses for these mammo-
graphic techniques were obtained from a 2018 article by Østerås 
et al (10). Radiation dose estimates for the studies by Hendrick 
and colleagues were based on the 2010 American College of 
Radiology Imaging Network Digital Mammographic Imaging 
Screening Trial (4,5,14). Only previously published estimates of 
detection rates, radiation dose, and radiation risks were used in 
this study; therefore, this study was exempt from the require-
ment to obtain institutional review board approval.

Estimation of screening benefit, risks, and corresponding ben-
efit-to-risk ratios will be provided as a function of annual screen-
ing over 10-year intervals from 40–49 years, 50–59 years, 60–69 
years, and 70–79 years of age. Benefit is calculated as breast cancer 
deaths averted with screening (DA) by considering the breast can-
cer detection rate per 1000 women screened (DR), the probability 
that a woman with breast cancer will die of that breast cancer in 
the absence of screening (Pdas), and the probability that, once de-
tected, earlier detection will avert a breast cancer death (Pls). These 
variables were considered for each year of screening and were 
summed for each 10-year interval of interest, as follows:

where the summation over e is from e = b, the beginning of the 
age of the screening interval, to e = b + 9, with b = 40, 50, 60, 
or 70 years of age. S(e) is the number of women surviving at 
age e, and the factor S(e)/S(b) is the fraction of 100 000 women 
who were alive at age b and are still alive at age e. Survival for 
each age is derived from the Human Mortality Database (15).

The MBI cancer detection rate is based on the 2015 study by 
Rhodes et al (16) on the use of MBI for supplemental screening in 
women with dense breast tissue. For tomosynthesis screening, the 
detection rate from Rhodes et al was modified to reflect the higher 
detection rate for mammography plus tomosynthesis compared 
with digital mammography alone, assuming an incremental yield 

Abbreviations
FFDM = full-field digital mammography, MBI = molecular breast 
imaging, 2D = two dimensional

Summary
Benefit-to-risk ratios with molecular breast imaging are within the 
lower range of corresponding mammography ratios when accounting 
for variation in mammographic technique, compressed breast thick-
ness, and age.

Key Points
 n Benefit-to-risk ratios of mammography are superior to those of 

molecular breast imaging (MBI) for most mammographic screen-
ing techniques, compressed breast thicknesses, and patient age 
ranges.

 n The benefit-to-risk ratios of MBI overlap and, in a few scenarios, 
exceed the lower range of benefit-to-risk ratios for mammography; 
use of MBI should therefore not be precluded solely based on 
these estimates.

 n The use of tomosynthesis plus two-dimensional full-field digital 
mammography for screening should be carefully considered given 
the lower benefit-to-risk ratios compared with tomosynthesis plus 
synthetic mammography.
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FFDM alone and tomosynthesis plus synthetic mammography, 
respectively. The benefit-to-risk ratios for MBI were inferior to 
those for mammography for all methods and age ranges when 
considering a two-view screening examination. When consider-
ing a four-view examination in patients aged 40–49 years, the 
benefit-to-risk ratio with MBI was superior to that with tomo-
synthesis plus 2D FFDM. With regard to five-view examina-
tions, the benefit-to-risk ratio with MBI was equivalent to that 
of 2D FFDM alone in patients aged 40–49 years and superior to 
that of tomosynthesis plus 2D FFDM for patients aged 40–49 
and 50–59 years.

Table 3 shows the benefit-to-risk ratios for each of the 
screening methods and age intervals when considering com-
pressed breast thickness ranges of 20–29 mm, 50–59 mm, 
and 80–89 mm. Risk estimates decreased across all screen-
ing methods with increases in compressed breast thickness, 
with the benefit-to-risk ratio of MBI showing equivalence 
or superiority in the 40–49-year-old range for one scenario 
(five-view tomosynthesis plus 2D FFDM) at a compressed 
breast thickness of 20–29 mm, three scenarios when consid-
ering four- or five-view mammography at a compressed breast 
thickness of 50–59 mm, and all considered scenarios except 
two-view FFDM and two-view tomosynthesis plus synthetic 
mammography at a compressed breast thickness of 80–89 
mm. For patients aged 50–59 years, benefit-to-risk ratios of 
MBI were equivalent or superior to five-view tomosynthesis 
plus 2D FFDM at a compressed breast thickness of 50–59 
mm and to multiple four- or five-view scenarios at a com-
pressed breast thickness of 80–89 mm. Depending on com-
pressed breast thickness and age range, benefit-to-risk ratios 

deaths averted per 100 000 women screened and mortality risk 
in terms of radiation-caused cancer deaths per 100 000 women 
screened for each of the specified screening methods when con-
sidering pooled compressed breast thickness. Lifetime risk for 
radiation-caused mortality decreased with age for all screen-
ing methods, with approximately 50% reduction in risk for 
tomography plus FFDM for each decade and approximately 
50% reduction in risk for MBI over 4 decades. The difference 
in rate of risk decrease is a result of radiation exposure to organs 
other than breast tissue with MBI. Mortality benefit and mor-
tality risk for MBI are greater than those for mammography 
regardless of age and mammographic technique.

Table 2 shows the benefit-to-risk ratios for each screening 
method when considering pooled compressed breast thickness. 
Results are again shown according to age range. Benefit-to-risk 
ratios increased with age for all screening modalities due to the 
more rapid decrease in radiation risks compared with the de-
crease in benefits. For the scenarios considered, the central esti-
mates of the benefit-to-risk ratios for screening mammography 
ranged from 3 to 110. The same ratios for MBI ranged from 5 to 
9. For the youngest age range of 40–49 years, the benefit-to-risk 
ratio of mammography ranged from 3 to 15; the risk-to-benefit 
ratio with MBI was 5. For the oldest age range of 70–79 years, 
the risk-to-benefit ratio for mammography ranged from 24 to 
110; the MBI ratio was 9. The use of both tomosynthesis and 
2D FFDM for a screening examination resulted in the lowest 
benefit-to-risk ratios for all age ranges owing to the approximate 
doubling of radiation dose due to the dual radiation exposures. 
The mean benefit-to-risk ratio with tomosynthesis plus 2D 
FFDM across all ages was 39% and 46% lower than that for 2D 

Table 1: Estimated Mortality Benefit and Mortality Risk for Annual Screening according to Age Range

Parameter 40–49 Years 50–59 Years 60–69 Years 70–79 Years

Mortality benefit
 2D FFDM 127 124 119 102
 Tomosynthesis plus synthetic mammography or 2D FFDM 174 171 163 140
 MBI 423 415 397 342
Mortality risk*
 Two-view examinations 
  2D FFDM 10 (7–12) 5 (4–6) 2 (2–3) 1 (1–1)
  Tomosynthesis plus synthetic mammography 12 (9–14) 6 (4–7) 3 (2–3) 1 (1–2)
  Tomosynthesis plus 2D FFDM 21 (16–25) 11 (8–13) 5 (4–6) 2 (2–3)
 Four-view examinations 
  2D FFDM 19 (14–23) 10 (7–12) 5 (3–6) 2 (2–3)
  Tomosynthesis plus synthetic mammography 23 (17–28) 12 (9–14) 6 (4–7) 3 (2–3)
  Tomosynthesis plus 2D FFDM 42 (32–51) 22 (16–26) 10 (8–12) 5 (4–6)
 Five-view examinations 
  2D FFDM 24 (18–29) 12 (9–15) 6 (4–7) 3 (2–3)
  Tomosynthesis plus synthetic mammography 29 (22–34) 15 (11–18) 7 (5–8) 3 (2–4)
  Tomosynthesis plus 2D FFDM 53 (40–64) 27 (20–33) 13 (10–16) 6 (4–7)
 MBI 82 73 58 37

Note.—Data are for pooled compressed breast thickness values. Mortality benefit is the number of breast cancer deaths averted per 100 000 
women screened, and mortality risk is the number of radiation-caused cancer deaths per 100 000 women screened. FFDM = full-field digi-
tal mammography, MBI = molecular breast imaging, 2D = two dimensional.
* Numbers in parentheses are the range of mortality risk estimates based on the 25th–75th-percentile mammography dose ranges.
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appropriate for screening due to radiation risk (21,22). Com-
paring MBI performance characteristics directly with those of 
US, abbreviated MRI, and other supplemental screening options 
may be preferable.

For mammography, benefit-to-risk ratios favor 2D FFDM; 
however, 2D FFDM also has the lowest net lives saved from 
screening (Figure), further illustrating the limitation of only 
considering these ratios when evaluating screening options. In 
comparison to tomosynthesis plus synthetic mammography, to-
mosynthesis plus 2D FFDM demonstrates an overall decrease in 
benefit-to-risk ratios of 45.3% and a 5% reduction in net lives 
saved. Use of synthetic mammography instead of tomosynthesis 
plus 2D FFDM for screening has been advocated for dose reduc-
tion and is supported by our results (23,24).

Compressed breast thickness accounts for 76% of the dose vari-
ability between women (11). An average compressed breast thick-
ness of 5.4 cm (range, 2.0–11.5 cm) was reported in the Digital 
Mammographic Imaging Screening Trial based on 49 528 women 
(14). Using those data, Miglioretti et al (25) estimated that a com-
pressed breast thickness of at least 7.5 cm corresponded to a mean 
of 8.4 total views for both breasts and a mean dose of 10.0 mGy. 
Assuming this compressed breast thickness and number of views 
for women aged 40–49 years, we estimated a benefit-to-risk ratio 
of 5 for MBI, 4.6 for 2D FFDM, and 3.2 for tomosynthesis plus 
2D FFDM. This supports our estimates for a compressed breast 
thickness of 80–89 mm and demonstrates that the benefit-to-risk 
ratios for mammography, unlike MBI, are profoundly affected by 
compressed breast thickness and number of views obtained. These 
factors should be considered when evaluating screening options 
for subpopulations of women.

Our study included screening examinations with four and 
five views per breast, primarily to account for breast implant 
screening protocols that require a four-view-per-breast exami-
nation and an optional five-view-per-breast examination (13). 
Women with breasts that exceed the detector size may also re-
quire four or five views to completely image the breast. When 

for mammography ranged from 2 to 179; benefit-to-risk ra-
tios for MBI ranged from 5 to 9.

The Figure shows the estimated net lives saved from screen-
ing per 100 000 women. This was calculated by subtracting the 
estimated lives lost from screening from the number of deaths 
averted, as provided in Table 1. Estimated net lives saved from 
screening per 100 000 women ranged from 99 to 165 for mam-
mography and from 305 to 342 for MBI.

Discussion
Previous benefit-to–radiation risk estimates demonstrated 
inferiority of MBI compared with 2D FFDM but do not ac-
count for screening tomosynthesis plus 2D FFDM or syn-
thetic mammography and do not provide subgroup analy-
sis according to compressed breast thickness and number of 
views obtained (4,5). When considering these variables, the 
range of benefit-to-risk ratios for MBI overlapped with the 
lower range of ratios for mammography in all cases. For select 
scenarios, the estimated ratios for MBI exceeded those for 
mammography.

Caution is advised in using our benefit-to-risk ratios to dis-
courage the use of MBI for supplemental screening. If MBI ra-
tios of 5–9 are unacceptable, then 42% (15 of 36) of the con-
sidered scenarios for mammography in patients aged 40–49 
years and 26% (28 of 108) of all scenarios for mammography in 
Tables 2 and 3 could receive equal scrutiny. Given the net benefit 
for both MBI and mammography, if the goal of screening is to 
maximize net lives saved, our data, and by extension findings 
from the study by Hendrick and Tredennick (4), support the use 
of MBI for supplemental screening.

Given that MBI is proposed for supplemental screening and 
not as a replacement for screening mammography, comparing 
benefit-to-risk ratios between these modalities is of uncertain 
clinical significance. However, based on comparing these modal-
ities, the American College of Radiology Appropriateness Cri-
teria for Breast Cancer Screening has rated MBI as usually not 

Table 2: Estimated Benefit-to-Risk Ratios for Annual Screening according to Age Range

Modality 40–49 Years 50–59 Years 60–69 Years 70–79 Years 

Two-view examinations
 2D FFDM 13 (11–18) 25 (21–34) 51 (42–68) 97 (80–130)
 Tomosynthesis plus synthetic mammography 15 (13–20) 29 (24–38) 58 (49–77) 110 (92–146)
 Tomosynthesis plus 2D FFDM 8 (7–11) 16 (13–21) 32 (26–42) 60 (50–80)
Four-view examinations
 2D FFDM 7 (5–9) 13 (10–17) 25 (21–34) 48 (40–65)
 Tomosynthesis plus synthetic mammography 8 (6–10) 14 (24–19) 29 (24–38) 55 (46–73)
 Tomosynthesis plus 2D FFDM 4 (3–5) 8 (7–10) 16 (13–21) 30 (25–40)
Five-view examinations
 2D FFDM 5 (4–7) 10 (8–14) 20 (17–27) 39 (32–52)
 Tomosynthesis plus synthetic mammography 6 (5–8) 11 (10–15) 23 (19–31) 44 (37–58)
 Tomosynthesis plus 2D FFDM 3 (3–4) 6 (5–8) 13 (11–17) 24 (20–32)
MBI 5 6 7 9

Note.—Data are for pooled compressed breast thickness values. Numbers in parentheses are the range of benefit-to-risk ratio estimates 
based on the 25th–75th-percentile mammography dose ranges. FFDM = full-field digital mammography, MBI = molecular breast imaging, 
2D = two dimensional.
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Table 3: Estimated Benefit-to-Risk Ratios for Annual Screening according to Compressed Breast Thickness and Age Range

CBT and Modality 40–49 Years 50–59 Years 60–69 Years 70–79 Years 

CBT 20–29 mm
 Two-view examinations
  2D FFDM 23 (21–25) 43 (40–47) 87 (81–94) 165 (154–179)
  Tomosynthesis plus synthetic mammography 25 (23–26) 47 (44–50) 94 (89–100) 179 (170–191)
  Tomography plus FFDM 14 (13–15) 26 (25–28) 53 (50–56) 100 (94–107)
 Four-view examinations
  2D FFDM 11 (11–12) 22 (20–23) 43 (40–47) 82 (77–89)
  Tomosynthesis plus synthetic mammography 12 (12–13) 23 (22–25) 47 (45–50) 89 (85–95)
  Tomography plus FFDM 7 (6–7) 13 (12–14) 26 (25–28) 50 (47–54)
 Five-view examinations
  2D FFDM 9 (8–10) 17 (16–19) 35 (32–38) 66 (62–71)
  Tomosynthesis plus synthetic mammography 10 (9–10) 19 (18–20) 38 (36–40) 72 (68–76)
  Tomography plus FFDM 5 (5–6) 10 (10–11) 21 (20–23) 40 (38–43)
CBT 50–59 mm
 Two-view examinations
  2D FFDM 14 (12–16) 26 (23–30) 52 (47–60) 99 (89–114)
  Tomosynthesis plus synthetic mammography 16 (14–17) 30 (28–32) 59 (55–64) 113 (105–122)
  Tomography plus FFDM 8 (8–9) 16 (15–18) 32 (30–35) 62 (58–67)
 Four-view examinations
  2D FFDM 7 (6–11) 13 (12–21) 26 (23–41) 49 (45–79)
  Tomosynthesis plus synthetic mammography 8 (7–8) 15 (14–16) 30 (28–32) 57 (53–61)
  Tomography plus FFDM 4 (4–5) 8 (8–9) 16 (15–18) 31 (29–34)
 Five-view examinations
  2D FFDM 5 (5–6) 10 (9–12) 21 (19–24) 40 (36–46)
  Tomosynthesis plus synthetic mammography 6 (6–7) 12 (11–13) 24 (22–26) 45 (42–49)
  Tomography plus FFDM 3 (3–4) 6 (6–7) 13 (12–14) 25 (23–27)
CBT 80–89 mm
 Two-view examinations
  2D FFDM 9 (8–10) 17 (15–19) 35 (30–38) 66 (58–73)
  Tomosynthesis plus synthetic mammography 9 (8–9) 16 (16–17) 33 (31–34) 62 (60–65)
  Tomography plus FFDM 5 (5–5) 10 (9–10) 19 (18–20) 37 (34–39)
 Four-view examinations
  2D FFDM 5 (4–5) 9 (8–9) 17 (15–19) 33 (29–36)
  Tomosynthesis plus synthetic mammography 4 (4–4) 8 (8–8) 16 (16–17) 31 (30–33)
  Tomography plus FFDM 3 (2–3) 5 (4–5) 10 (9–10) 18 (17–19)
 Five-view examinations
  2D FFDM 4 (3–4) 7 (6–8) 14 (12–15) 26 (23–29)
  Tomosynthesis plus synthetic mammography 3 (3–4) 6 (6–7) 13 (13–14) 25 (24–26)
  Tomography plus FFDM 2 (2–2) 4 (4–4) 8 (7–8) 15 (14–15)
MBI 5 6 7 9

Note.—Numbers in parentheses are the range of benefit-to-risk ratio estimates based on the 25th–75th-percentile mammography dose 
ranges. Note that estimated benefit-to-risk ratios for MBI are similar for all breast thicknesses. CBT = compressed breast thickness, FFDM 
= full-field digital mammography, MBI = molecular breast imaging, 2D = two dimensional.

considering all compressed breast thickness ranges, estimated 
benefit-to-risk ratios for a four- or five-view examination are 
50% and 60.4% lower, respectively, than that for a two-view 
examination, with estimated reduction in net lives saved of 
4.8% and 7.1%, respectively. Although screening mammog-
raphy would still be recommended for these women, mam-
mographic dose reduction for women with breast implants or 
large breasts may be desirable.

On the basis of our results, the maximal net deaths averted 
occurred in women aged 40–69 years; MBI may therefore have 
the most net benefit for women in this age range. Because breast 
density typically decreases with age, women in their 1st de-
cades of screening are also more likely to be those for whom 
supplemental screening with MBI may be considered given the 
presence of dense breast tissue. If supplemental screening with 
MBI is performed, the use of synthetic mammography plus 
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tomosynthesis rather than tomosynthesis plus 2D FFDM as 
the primary screening technique should be strongly considered. 
Lowering the cumulative mammography radiation dose by us-
ing synthetic mammography instead of 2D FFDM could off-
set some of the added dose of supplemental MBI screening and 
maximize the overall net benefit of screening. Given higher net 
deaths averted when using tomosynthesis compared with 2D 
FFDM alone, our results also support the use of tomosynthesis 
for all women, regardless of age.

Our study had some limitations. First, we combined es-
timates of radiation dose, cancer detection rate, and sur-
vival benefit for MBI and mammography. This introduces 
uncertainty into our estimates. Risk estimates assume that 
a linear-no-threshold model applies to low radiation doses 
found in MBI and mammography; this assumption has 
been questioned (1,6,26). As in the study by Hendrick and 
Tredennick (4), MBI cancer detection rates were obtained 
from a single-site study comparing incidence 2D FFDM 
with prevalence MBI (16). The incidence cancer detection 
rate of MBI is unknown but expected to be lower. Our es-
timates assume annual MBI paired with annual mammog-
raphy, but other intervals such as biennial MBI could be 
considered. Biennial MBI would lower radiation risk by half 
and, if a similar MBI cancer detection rate is assumed, an 
approximate doubling of MBI benefit-to-risk ratios would 
be expected.

In summary, when considering differences in mammo-
graphic technique, patient age, and compressed breast thick-
ness, the benefit-to–radiation risk ratios of mammography are 
superior to those of MBI for most, but not all, scenarios. Given 
that the benefit-to-risk ratios for MBI are in the lower range 

of those of mammography and that MBI is associated with 
superior net lives saved, use of MBI for supplemental screen-
ing should not be precluded based on benefit-to-risk estimates. 
The use of tomosynthesis plus 2D FFDM for screening should 
be carefully considered given the lower benefit-to-risk ratios 
with this technique compared with tomosynthesis plus syn-
thetic mammography.
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