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OBJECTIVE. The purpose of this study was to assess the diagnostic performance of
supplemental screening molecular breast imaging (MBI) in women with mammographically
dense breasts after system modifications to permit radiation dose reduction.

SUBJECTS AND METHODS. A total of 1651 asymptomatic women with mammograph-
ically dense breasts on prior mammography underwent screening mammography and adjunct MBI
performed with 300-MBq *™Tc-sestamibi and a direct-conversion (cadmium zinc telluride)
gamma camera, both interpreted independently. The cancer detection rate, sensitivity, specific-
ity, and positive predictive value of biopsies performed (PPV3) were determined.

RESULTS. In 1585 participants with a complete reference standard, 21 were diagnosed with
cancer: two detected by mammography only, 14 by MBI only, three by both modalities, and two by
neither. Of 14 participants with cancers detected only by MBI, 11 had invasive disease (median size,
0.9 cm; range, 0.54.1 cm). Nine of 11 (82%) were node negative, and two had bilateral cancers.
With the addition of MBI to mammography, the overall cancer detection rate (per 1000 screened)
increased from 3.2 to 12.0 (p < 0.001) (supplemental yield 8.8). The invasive cancer detection rate
increased from 1.9 to 8.8 (p < 0.001) (supplemental yield 6.9), a relative increase of 363%, while
the change in DCIS detection was not statistically significant (from 1.3 to 3.2, p =0.250). For mam-
mography alone, sensitivity was 24%; specificity, 89%; and PPV3, 25%. For the combination, sen-
sitivity was 91% (p < 0.001); specificity, 83% (p < 0.001); and PPV3, 28% (p = 0.70). The recall
rate increased from 11.0% with mammography alone to 17.6% (p < 0.001) for the combination; the
biopsy rate increased from 1.3% for mammography alone to 4.2% (p < 0.001).

CONCLUSION. When added to screening mammography, MBI performed using a ra-
diopharmaceutical activity acceptable for screening (effective dose 2.4 mSv) yielded a supple-
mental cancer detection rate of 8.8 per 1000 women with mammographically dense breasts.

he performance of digital screen-  cer detection rate (yield per 1000 screened)
ing mammography is reduced in in women with mammographically dense
women with mammographically  breasts by 3.5 in single-center studies and by
dense breasts [1], who constitute ~ 4.2—4.4 in multicenter trials [5-7]. However,

approximately 50% of the screening-aged
population [2]. Breast density inform legisla-
tion, which mandates that women undergoing
mammography be informed that they may
benefit from supplemental screening if they
have mammographically dense breasts, has
passed in 19 states and is under review in 4 ad-
ditional states and at the federal level. This leg-
islation has fueled demand for supplemental
breast cancer screening despite the absence of
consensus about the best imaging technique
and the balance of benefits and harms [3, 4].
The addition of handheld whole-breast
screening ultrasound to screening mammog-
raphy significantly increased the breast can-

operator dependence and high false-positive
rates associated with screening ultrasound
are persistent concerns [3, 8, 9].

In two prospective European multicenter
trials evaluating the addition of breast tomo-
synthesis to digital screening mammography,
the supplemental cancer detection rate was
1.9-2.8 [10, 11]. Although neither study pop-
ulation was restricted to women with mammo-
graphically dense breasts, one study reported
that the supplemental cancer detection rates
were similar in the low- versus high-density
subgroups (2.8 vs 2.5, p =0.85) [11, 12].

Like mammography, ultrasound and to-
mosynthesis are anatomic imaging tech-
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niques relying on morphologic differences
to distinguish normal from malignant find-
ings. These differences can be more difficult
to discern in the dense breast, likely account-
ing for the small incremental gain in cancer
detection with adjunct anatomic techniques.
Gadolinium-enhanced MRI provides an ana-
tomic and functional image. The addition of
MRI to mammography in women with mam-
mographically dense breasts yields a supple-
mental cancer detection rate of 11 in wom-
en at average risk for breast cancer and 18
in women at increased risk [7]. However, the
high additional recall rate (9.0-22.7%), re-
luctance to undergo MRI, and cost limit fea-
sibility of screening MRI beyond the high-
risk population [7, 9, 13, 14].

Dedicated gamma camera imaging provides
a functional breast image based on preferential
uptake of a radiopharmaceutical (such as *™Tc-
sestamibi) in tumors relative to normal tissue,
independent of breast density [15, 16]. Unlike
older-generation scintillating gamma cameras,
known as scintimammography or breast-specif-
ic gamma imaging, molecular breast imaging
(MBI) directly converts gamma-ray energy to
electronic signal through solid-state cadmium
zinc telluride (CZT) detectors. The dual-head
configuration of the MBI system increases de-
tection of subcentimeter tumors relative to sin-
gle-head systems [17]. In a pilot study to assess
whether MBI-associated gains in cancer detec-
tion justified work on MBI system modifica-
tions to reduce administered radiation doses,
we showed that the addition of MBI to screen-
ing mammography using a conventional 740
MBq of dispensed activity of *™Tc-sestamibi
increased the cancer detection rate in women
with mammographically dense breasts by 7.5
per 1000 screened [18]. After implementation
of registered high-sensitivity collimation and a
widened energy acceptance window, both spe-
cific to MBI, count density and diagnostic ac-
curacy were maintained at a dispensed activi-
ty of less than 300 MBq [19-21]. In contrast,
successful dose reduction with other breast-
specific gamma imaging systems has not been
shown [22]. Despite the advantages of gamma
imaging in the dense breast, to date, there has
been no prospective screening trial evaluating
performance characteristics at doses within an
acceptable range for screening. The purpose
of this study was to evaluate prospectively the
performance characteristics of screening MBI
as an adjunct to screening digital mammogra-
phy using a dispensed activity of 300 MBq of
99mTc-sestamibi in women with mammograph-
ically dense breasts.
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Subjects and Methods
Study Population

Study participants (Table 1) included asymp-
tomatic women presenting for routine screen-
ing mammography at the Mayo Clinic Roches-
ter who had heterogeneously or extremely dense
breasts (using the BI-RADS density categories)
on their most recent mammography or were 50

TABLE I: Participant Characteristics

years old or younger without a prior mammog-
raphy [12]. Women were excluded if they were
enrolled at younger than 50 years without a pri-
or mammography and the study mammography
was nondense; pregnant or lactating; had recent
breast surgery or biopsy; or were undergoing
therapy with tamoxifen, raloxifene, or an aroma-
tase inhibitor.

Eligible Women Analysis Set®
Characteristic (n=1608) (n=1585)
Mean age at enrollment (y) (range) 58.1(30.6-86.1) 58.0(30.6-86.1)
Race or ethnicity
White 1577 (98.1) 1554 (98.0)
Hispanic or Latina 0 0
Black or African American 5(0.3) 5(0.3)
Native Hawaiian or other Pacific Islander 0 0
Asian 14(0.9) 14(0.9)
American Indian or Alaskan Native 3(0.2) 3(0.2)
Unknown or data missing 9(0.6) 9(0.6)
Menopausal status
Premenopausal 343(21.3) 340(21.5)
Perimenopausal 184 (11.4) 183(11.5)
Postmenopausal 1007 (62.6) 989 (62.4)
Surgical menopause 74 (4.6) 73(4.6)
Mammographic breast density®
Almost entirely fat 0 0
Scattered fibroglandular densities 146 (9.1) 143(9.0)
Heterogeneously dense 1239(77.1) 1221(77.0)
Extremely dense 223(13.9) 221(13.9)
Risk factors®
Known mutation in BRCATor BRCA2 genes 2(0.1) 2(0.1)
Chest, mediastinal, or axillary irradiation? 5(0.3) 4(0.3)
Personal history of breast cancer 164 (10.2) 158(10.0)
ADH, ALH, LCIS, or atypical papilloma 20(1.2) 20(1.3)
Lifetime risk >20% by Gail or Claus model 76 (4.7) 75(4.7)
5-year Gail model risk >2.5% 197 (12.3) 195(12.3)
5-year Gail model risk > 1.7% 352(21.9) 348(22.0)
One first-degree relative with history of breast cancer 47(2.9) 47(3.0)
Two second-degree relatives with history of breast cancer 53(3.3) 53(3.3)
None of the above risk factors 692(43.0) 683(43.1)
Mammography before study entry
<425 days (14 mo) 1302 (81.0) 1287 (81.2)
425-729 days (14 to < 24 mo) 288(17.9) 280(17.7)
730-1094 days (24 to < 36 mo) 14(0.9) 14(0.9)
1095-1459 days (36 to <48 mo) 1(0.1) 1(0.1)
None® 3(0.2) 3(0.2)

(Table 1 continues on next page)
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TABLE I: Participant Characteristics (continued)

Eligible Women Analysis Set?
Characteristic (n=1608) (n=1585)
MBI before study entry

<425 days (14 mo) 0 0
425-729 days (14 to < 24 mo) 7(0.4) 7(0.4)
730-1094 days (24 to < 36 mo) 31(1.9) 30(1.9)
1095-1459 days (36 to < 48 mo) 69(4.3) 69(4.4)
>1460 days (> 48 mo) 68(4.2) 68(4.3)
None 1433(89.1) 1411 (89.0)

Note—Except where otherwise indicated, data in parentheses are percentages. ADH = atypical ductal
hyperplasia, ALH = atypical lobular hyperplasia, LCIS = lobular carcinoma in situ, MBI = molecular breastimaging.
@Analysis setincludes participants in whom both initial screening mammography and MBI studies were

completed and cancer status was verified.

bEligibility determined by density assessed on previous mammography before study entry. Mammographic
density reported in table refers to density assessed from study mammography.

¢Although participants may have had multiple risk factors, they are assigned to only one risk category
according to the following prioritization: mutation in BRCA1/BRCAZ; history of chest, mediastinal, or axillary
irradiation; personal history of breast cancer; history of prior biopsy showing ADH, ALH, LCIS, or atypical
papilloma; lifetime risk > 20% by Gail or Claus model; 5-year risk > 2.5% by Gail model; 5-year risk > 1.7% by Gail
model; atleast one first-degree relative with history of breast cancer; at least two second-degree relatives

with history of breast cancer.

dChest, mediastinal, or axillary irradiation was administered before age 30 years and at least 8 years before

study enrollment.

A total of five women under the age of 50 years with no prior mammography were enrolled; two of five had
scattered fibroglandular densities (excluded from analysis) and three of five had heterogeneously dense

breasts on the study mammography.

Screening Methods

Two-view digital screening mammography
(Selenia, Hologic) and two-view MBI (Discovery
NM 750b, GE Healthcare, or LumaGem, Gamma
Medica) were performed within 21 days of each oth-
er and were independently interpreted by different
radiologists blinded to the other imaging test. Biop-
sies were performed after completion of both tests.

Mammography examinations were interpreted
according to routine practice, with access to clini-
cal information and prior mammography results,
but readers were blinded to study participation
and MBI results. A BI-RADS assessment of 0 was
considered test positive; assessments of 1 and 2
were considered test negative [12].

MBI systems were composed of dual-head CZT
detectors, with elements of either 1.6- or 2.5-mm
pixel size and equipped with specialized regis-
tered collimation and a widened energy window
(110-154 keV) [19, 20]. Imaging commenced im-
mediately after IV injection of 300 MBq of **™Tc-
sestamibi. Bilateral craniocaudal and mediolateral
oblique projections were acquired under light com-
pression for 10 minutes per view. Using a validated
lexicon, MBI was interpreted in isolation by one of
four breast radiologists who were blinded to mam-
mographic and clinical information [23]. Assess-
ments of 1-5, paralleling BI-RADS, were assigned.
MBI assessments of 3, 4, or 5 were considered test
positive; assessments of 1 or 2 were considered
negative. In accordance with the study design, test-
positive MBI findings were permitted to trigger ad-
ditional diagnostic evaluation in the setting of a
negative or benign mammography, but a negative
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or benign MBI was not permitted to change recom-
mendations generated by test-positive mammogra-
phy. The diagnostic algorithm for workup of test-
positive MBI is published elsewhere [18].

Determination of Reference Standard

The positive reference standard was histopath-
ologic diagnosis of breast cancer within 365 days
of the study mammography. A secondary analy-
sis was performed using a positive reference stan-
dard defined as histopathologic diagnosis of breast
cancer within 455 days of the study mammograph-
ic imaging. A negative reference standard was de-
termined by benign histopathology, negative or
benign imaging at the next annual screening per-
formed at least 330 days after the study mammog-
raphy, or medical record review or patient interview
at 1 year confirming no breast cancer diagnosis.
The final histopathology reported for each partici-
pant was determined from the more severe of surgi-
cal excision or core needle biopsy results. All ma-
lignancies and atypical lesions were excised.

Statistical Analysis

The primary unit of analysis is the partici-
pant. Correct correlation of imaging assessment
and pathologic lesions was determined by a radi-
ologist. In keeping with definitions from other
screening trials, cancers positive “only” on a giv-
en modality are those not detected on any other
modality. Sensitivity of a modality “alone” refers
to the number of cancers that would have been de-
tected if only that modality had been used and in-
cludes some cancers that were also detected on the

other modality [7]. All statistical analyses were
independently verified.

For patients with verified cancer status, calcu-
lations included cancer detection rate per thousand
women screened (yield); number needed to screen
(inverse of yield); sensitivity; specificity; recall
rate; positive predictive values (PPVI, defined as
the number of malignancies per abnormal screen-
ing examinations, and PPV3, defined as the num-
ber of malignancies per total biopsies performed);
and negative predictive values (NPV1 and NPV3).
Using the Wilson Score method, we computed the
95% Cls for estimated proportions. Comparisons
between modalities of proportions with common
denominators were performed using McNemar or
Fisher Exact tests when cell counts were small.
Comparisons of predictive values were performed
using the method of Moskowitz and Pepe [24]. All
hypothesis testing and 95% CI computations were
two-sided with a significance level of 0.05 (confi-
dence level, 95%). R software, version 3.0 (R Proj-
ect), was used to perform the analyses.

Results

Of 1651 women enrolled between May
2009 and March 2012, 1585 met the eligibil-
ity criteria and had the complete reference
standard (Fig. 1). Cancer status was verified
by pathology findings in 40 (2.5%), nega-
tive imaging findings in 1523 (96.1%), clini-
cal examination in two (0.1%), and patient
interview in 20 (1.3%). In patients without a
pathologic diagnosis, the reference standard
was obtained no earlier than 330 days. Par-
ticipant characteristics are given in Table 1.

Performance characteristics of mam-
mography alone, MBI alone, and the com-
bination are given in Table 2. The addition
of MBI increased the cancer detection rate
per 1000 screened from 3.2 (95% CI, 1.3—
7.4) for mammography alone to 12.0 (95%
CI, 7.7-18.6) for the combination (p < 0.001),
giving a supplemental yield of 8.8 (95% CI,
4.3-13.3). With adjunct MBI, sensitivity was
increased from 23.8% (5/21) for mammog-
raphy alone to 90.5% (19/21) for the com-
bination (p < 0.001). MBI was more sensi-
tive for invasive cancer (81.3%, 13/16) than
mammography (18.8%, 3/16, p = 0.006). Al-
though the specificities of mammography
alone and MBI alone were similar (89.1%
[1394/1564] vs 93.5% [1462/1564], p <
0.001), the specificity of the combination
was 83.4% (1304/1564), less than that for
mammography alone (p < 0.001).

Of 1585 participants, 21 were diagnosed
with cancer: In two, cancer was detected only
with mammography; in 14, cancer was de-
tected only with MBI; in three, cancer was
detected with both modalities; and in two,
cancer was detected on neither modality (Ta-
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TABLE 2: Performance Characteristics of Mammography and Molecular Breast Imaging (MBI) at Participant Level
After 365 Days of Follow-Up

Mammography
With Adjunct MBI MBI Alone vs
Mammography With vs Mammography Mammography
Mammography Alone Adjunct MBI Alone MBI Alone? Alone
Estimate Estimate Estimate
Characteristic No./Total (95% Cl) No./Total (95% ClI) p No./Total (95% Cl) p
Cancer detection rate (per 1000)
All densities 5/1585 3.2(1.3-7.4) 19/1585 | 12.0(7.7-18.6) <0.001 17/1585 | 10.7 (6.7-17.1) 0.004
Scattered fibroglandular 0/143 0(0-26.2) 3/143 21.0(7.2-59.9) 0.500 3/143 | 21.0(7.2-59.9) 0.500
densities
Heterogeneously dense 4/1221 3.3(1.3-8.4) 13/1221 10.6 (6.2-18.1) 0.004 11/1221 | 9.0(5.0-16.0) 0.065
Extremely dense 17221 4.5(0.2-25.2) 3/221 13.6(4.6-39.1) 0.500 3/221 13.6(4.6-39.1) 0.500
No.needed to screen 5/1585 [317.0(135.8—741.7)| 19/1585 [83.4(53.6-130.1) <0.001 17/1585 |93.2(58.4-149.1) 0.004
Sensitivity (%)
All cancers 5/21 23.8(10.6—-45.1) 19/21 90.5(71.1-97.3) <0.001 17/21 |81.0(60.0-92.3) 0.004
Scattered fibroglandular 0/3 0(0-56.1) 3/3 100 (43.9-100) 0.500 3/3 100 (43.9-100) 0.500
densities
Heterogeneously dense 4,14 28.6 (11.7-54.6) 13/14  192.9(68.5-99.6) 0.004 11/14 | 78.6(52.4-92.4) 0.065
Extremely dense 1/4 25.0(1.3-69.9) 3/4 75.0(30.1-98.7) 0.500 3/4 75.0(30.1-98.7) 0.500
Invasive cancers 3/16 18.8(6.6—-43.0) 14/16 | 87.5(64.0-96.5) <0.001 13/16 | 81.3(57.0-93.4) 0.006
DCIS 2/5 40.0(11.8-76.9) 5/5 100 (56.6-100) 0.250 4/5 80.0(37.6-99.0) 0.630
Specificity (%) 1394/1564| 89.1(87.5-90.6) | 1304/1564 | 83.4(81.4-85.1) <0.001 1462/1564 93.5(92.1-94.6) <0.001
Recall rate (%) 175/1585 | 11.0(9.6-12.7) | 279/1585 | 17.6(15.8-19.6) <0.001 119/1585 | 7.5(6.3-8.9) <0.001
Biopsy rate (%) 20/1585 1.3(0.8-1.9) 67/1585 4.2(3.3-5.3) <0.001 51/1585 | 3.2(2.5-4.2) <0.001
PPV1 (%) 5/175 2.9(1.2-6.5) 19/279 6.8(4.4-10.4) 0.021 17/119 | 14.3(9.1-21.7) <0.001
NPV1 (%) 1394/1410| 98.9(98.2-99.3) | 1304/1306 | 99.8(99.4-100) <0.001 1462/1466(99.7 (99.3-99.9) 0.002
PPV3 (%) 5/20 25.0(11.2-46.9) 19/67 28.4(19.0-40.1) 0.700 17/51 |33.3(22.0-47.0) 0.460
NPV3(%) 1549/1565| 99.0(98.3—-99.4) | 1516/1518 | 99.9(99.5-100) <0.001 1530/1534{99.7 (99.3-99.9) 0.003

Note—DCIS = ductal carcinoma in situ, PPV1 = positive predictive value of number of malignancies per abnormal screening examination, PPV3 = PPV of number of
malignancies per total biopsies performed, NPV1 = negative predictive value of number of malignancies per abnormal screening examination, NPV3 = NPV of number of

malignancies per total biopsies performed.

aThe study was not designed to directly compare mammography alone to MBI alone. MBI alone findings represent the setting in which test-positive findings on initial
blinded MBI interpretation (assessment of 3, 4, or 5) generated a comparison with current screening mammography, and patients were only recalled for diagnostic
workup if findings were not explained by benign features on mammography.

ble 3). Two participants had bilateral can-
cers seen only on MBI. Of the 21 cancers,
16 (76%) were invasive, of which 13 of 16
(81%) were node negative. The median size
of the largest invasive cancer per participant
was 0.9 cm (range, 0.3—4.1 cm; mean + SD,
1.4 + 1.1 cm). Of 14 MBI-only detected can-
cers (Figs. 2-4), 11 were invasive with a me-
dian size of 0.9 cm (range, 0.5-4.1 cm) and
a mean of 1.6 = 1.2 cm) and nine of these 11
(82%) were node negative. The two mam-
mography-only detected cancers included one
invasive cancer (0.3-cm invasive ductal carci-
noma) and one ductal carcinoma in situ (0.5
cm) (Fig. 5). Of the two interval cancers de-
tected, both multifocal node-negative grade 1
invasive lobular carcinomas, one was identi-
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fied on prophylactic mastectomy performed 6
months after study imaging and the other on
MRI triggered by an unrelated MBI finding.
The addition of MBI increased the recall
rate from 11.0% (175/1585) with mammog-
raphy alone to 17.6% (279/1585, p < 0.001)
for the combination. The addition of MBI in-
creased the biopsy rate from 1.3% (20/1585)
for mammography alone to 4.2% (67/1585,
p <0.001) for the combination. PPV1 was in-
creased from 2.9% (5/175) for mammogra-
phy alone to 6.8% (19/279) for mammogra-
phy with adjunct MBI (p = 0.021), whereas
the PPV3 for mammography alone (25.0%,
5/20) and mammography with adjunct MBI
(28.4%, 19/67) were not statistically differ-
ent (p = 0.70). Secondary analyses in 1589

patients with the 455-day reference standard
are presented in Tables S1 and S2 (which can
be seen in the AJR electronic supplement to
this article at www.ajronline.org).

Discussion

The supplemental cancer detection rate
of MBI was 8.8 cancers per 1000 women,
which compares favorably with ultrasound
and tomosynthesis. In studies of whole-
breast ultrasound, the supplemental can-
cer detection rate was 3.5-4.4 per 1000 [5-
7]. However, operator dependence and high
false-positive rates associated with screening
ultrasound are persistent concerns [3, 8, 9].
In two prospective multicenter trials evalu-
ating the addition of breast tomosynthesis to

AJR:204, February 2015
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TABLE 3: Summary of 21 Cancers Identified in 21 Study Participants at 365 Days After Study Entry

Tumor Size Tumor TNM Age Menopausal
Histopathologic Finding (cm) Grade Category | (y) Status Breast Density
Cancers found on MBl only (n=14)
IDC 41 2 T2N2MO0 | 54 | Premenopausal | Scattered fibroglandular densities
ILC 3.6 2 T2N1TMO | 67 | Postmenopausal | Extremely dense
IDC multifocal 2.0 1 T1cNOMO | 77 | Postmenopausal | Heterogeneously dense
IDC 1.9 2 T1cNOMO | 65 | Postmenopausal | Heterogeneously dense
IDC? 1.4 1 T1cNOMO | 63 | Postmenopausal | Scattered fibroglandular densities
IDC 0.9 2 T1aNOMO | 64 | Postmenopausal | Heterogeneously dense
IDC® 0.9 1 T1bNOMO | 70 | Postmenopausal | Heterogeneously dense
IDC 0.8 1 T1bNOMO | 81 | Postmenopausal | Heterogeneously dense
IDC multifocal 0.7 3 T1bNOMO | 75 | Postmenopausal | Scattered fibroglandular densities
ILC 0.5 1 T1bNOMO | 73 | Postmenopausal | Heterogeneously dense
IDC 0.5 1 T1aNOMO | 70 | Postmenopausal | Heterogeneously dense
DCIS 1.6 Intermediate| T1s(DCIS) | 71 | Postmenopausal | Heterogeneously dense
grade
DCIS 0.6 Intermediate| Tis (DCIS) | 64 | Postmenopausal | Heterogeneously dense
grade
DCIS multifocal 0.4 Lowgrade | Tis(DCIS) | 49 | Premenopausal | Extremelydense
Cancers found on mammography only (n=2)
IDC 0.3 2 T1aNOMO | 49 | Premenopausal | Heterogeneously dense
DCIS 0.5 Intermediate| Tis(DCIS) | 62 | Postmenopausal | Heterogeneously dense
grade
Cancers found on both MBI and mammography (n=3)
IDC 2.2 3 T2NOMO | 64 | Postmenopausal | Heterogeneously dense
IDC multifocal 1.6 1 T1cN1MO | 53 | Perimenopausal | Extremely dense
DCIS with microinvasion 2.0 High grade | Tis(DCIS) | 74 | Postmenopausal | Heterogeneously dense
Cancers found on neither MBI nor mammography
(interval cancers) (n=2)
ILC multifocal 0.7 1 T1bNOMO | 45 Premenopausal | Extremely dense
ILC multifocal 0.6 1 T1bNOMO | 69 | Postmenopausal | Heterogeneously dense

Note—MBI = molecular breastimaging, IDC = invasive ductal carcinoma, ILC = invasive lobular carcinoma in situ, DCIS = ductal carcinoma in situ.
2n addition to the invasive cancer detected only on MBI, a mammographically occult 5.0-cm high-grade DCIS was detected by MBI in the contralateral breast.
®|n addition to the invasive cancer detected only on MBI, a mammographically occult 0.8-cm low-grade DCIS was detected by MBI in the contralateral breast.

digital screening mammography, the supple-
mental cancer detection rate was 1.9-2.8 [10,
11]. Although neither study population was
restricted to women with mammographical-
ly dense breasts, one study reported simi-
lar cancer detection rates in the low- versus
high-density subgroups (2.8 vs 2.5, p = 0.85)
[11]. Recent U.S. studies comparing tomo-
synthesis to digital mammography failed to
show a statistically significant increase in the
cancer detection rate [25, 26].

The addition of MBI to mammography
was more sensitive than mammography
alone in detecting cancer (90.5% vs 23.8%,
p <0.001). The absolute increase in sensitiv-
ity with supplemental MBI was 67%, com-
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pared with 39% (34/36 vs 20/36) for ultra-
sound; 34% for tomosynthesis (8/8 vs 5/8);
and 56% (16/16 vs 7/16) for MRI found in
similarly designed studies [7, 11].
Approximately 80% of cancers seen only
on MBI were invasive, suggesting that MBI
is not selectively detecting clinically unim-
portant cancers (overdiagnosis). Eighty-two
percent (9/11) of the invasive cancers seen
only on MBI were node negative, suggest-
ing that MBI contributes to early detection
of clinically important cancers. MBI also
detected larger and node-positive invasive
cancers that were mammographically oc-
cult, suggesting a role for MBI in identifying
cancers masked on repeated mammographic

screenings by dense breast parenchyma. The
two cancers detected only on mammogra-
phy were small (< 5 mm). The interval can-
cers were likely occult because of the diffuse
(nonfocal) pattern of involvement.

One primary concern about supplemen-
tal screening is the risk of false-positive
findings and unnecessary biopsies [9, 27].
The addition of MBI to mammography
raised the recall rate by 6.6%, which com-
pares favorably with the additional recall
rates for supplemental handheld ultrasound
(15.1%) and MRI (9.0-22.7%) [7]. The ad-
dition of MBI to mammography raised the
biopsy rate by 2.9%, which also compares
favorably with the additional biopsy rates
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for handheld ultrasound (7.8%) and MRI
(8.0%) [7]. PPV1 was significantly higher
for MBI and for the combination of MBI
and mammography compared with mam-
mography alone. Despite the additional bi-
opsies prompted by MBI, PPV3 was not re-
duced relative to mammography alone, in
contrast to the reduced PPV3 seen with the
addition of ultrasound [7]. As has been ob-
served with mammography, ultrasound, and
MRI, the specificity of MBI would like-
ly increase with incidence screening when
prior MBI studies would be available for
comparison [7, 28]. In contrast to MBI, ul-
trasound, and MRI, tomosynthesis has been
found to reduce the rate of recall, although
no reduction in biopsy rate has yet been re-
ported [10, 11, 25].

Prior studies of MBI and other nuclear
medicine-based breast imaging have used
radiation doses deemed too high for serial
screening [29]. The reduced dispensed ac-
tivity of 300 MBq of ?*™Tc-sestamibi used
in this study, after system optimization for
low-dose imaging, corresponds to an effec-
tive dose of 2.4 mSv. Although this is higher
than the average effective dose from digital
mammography (~ 0.5 mSv) and the effec-
tive dose from digital mammography com-
bined with tomosynthesis (1.2 mSv), which
is not considered excessive, this effective
dose is below natural background radiation
levels (U.S. annual average, 3 mSv) [29]
and is well below the threshold of 50-100
mSv at which current national and interna-
tional recommendations indicate that radia-
tion risk concern is warranted [18, 30, 31].
Furthermore, the actual administered activ-
ity in this study was likely less than the tar-
get of 300 MBq because of the known adhe-
sion of ?™Tc-sestamibi to plastic syringes.
On the basis of measurements reported else-
where, we expect the administered activi-
ty was, on average, 20% less than the dis-
pensed activity of 300 MBq, or equivalent
to an average administered activity of 240
MBq (corresponding to an effective dose of
2.0 mSv) [32].

Our study has several limitations. First,
the imaging study order was not random-
ized. However, because participants pro-
vided consent before imaging and images
were interpreted by radiologists blinded to
the other study, bias was unlikely. Second,
we compared prevalence screen MBI with
incident mammography; it is possible that
the supplemental yield of MBI would be di-
luted on subsequent screens. Third, because
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eligibility was based on density on prior
mammography, 9% of study mammogra-
phy examinations had scattered fibroglan-
dular densities, which may limit generaliz-
ability to populations with heterogeneously
or extremely dense breasts. Fourth, because
Mayo Clinic Rochester provides primary
and specialty care, results may not be gen-
eralizable to all breast imaging centers.
Lastly, we have not shown that detection
of small, node-negative mammographical-
ly occult cancers translates into mortal-
ity reduction, an endpoint requiring years
and considerable resources to investigate.
We relied on surrogate endpoints of tumor
size and lymph node involvement. Numer-
ous studies have shown that tumor size cor-
relates with mortality, with size less than
20 mm conferring a survival advantage [33,
34]. The association between lethality and
tumor size is strongest in women who are
lymph node—negative [35]. The median size
of the 11 invasive tumors detected by MBI
only was 9 mm, and nine of these 11 were
node negative.

An important next step for MBI technol-
ogy is a multicenter prospective random-
ized trial to assess comparative performance
measures. MBI can be interpreted rapid-
ly and requires minimal radiologist train-
ing to achieve high interobserver agreement
and diagnostic accuracy [23]. The compact
MBI machine could be readily incorporated
into breast imaging practices with access to
9mTc-sestamibi. Ultimately, a multicenter,
prospective randomized trial comparing
MBI to other supplemental screening mo-
dalities is needed to determine which sup-
plemental screening modality offers the
best balance of benefit (supplemental detec-
tion rate of clinically important cancers) to
harms (supplemental recall and biopsy rates
for false-positive findings).

In contrast to supplemental screening in
dense breasts with ultrasound, for which
mammography contributed about half of all
cancers detected [36], mammography add-
ed little increased cancer detection to MBI,
and the two MBI-occult cancers detected by
mammography were small and node nega-
tive. Nevertheless, mammography remains
the only screening modality for which a
breast cancer mortality reduction has been
shown [37]. We hypothesize that a screening
program of biennial MBI alternating with bi-
ennial mammography in women with dense
breasts would exploit what mammography
finds and find what mammography misses,

preserving the cancer detection rate found in
this study without the additional costs and
false-positive findings associated with sup-
plemental screening.
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| 1651 Study records |

31 Excluded
» - 30Without documented informed consent
v * 1 Duplicate registration
| 1620 Women enrolled |
12 Excluded

v

* 7 Not presenting for screening mammography
v ¢ 1 Incomplete MBI examination

| 1608 Eligible subjects | : 1 Self-reported symptoms of breast cancer

.

1 Currently taking aromatase inhibitor
2 Enrolled on basis of under 50 years with no prior

Initial test results® v mammography, but mammography study was nondense
MBI
Positive Negative Total 23 With incomplete reference standard
Mammography Positive [ 17 | 162 | 179 e 0 Mammography positive, MBI positive
Negative [ 104 | 1325 | 1429 e 2 Mammography positive, MBI negative
Total 121 1487 1608 e 1 Cancer detected at next annual screen®

¢ 1 No follow-up available
¢ 1 Mammography negative, MBI positive
e 1 Withdrawn from study®
¢ 20 Mammography negative, MBI negative

v

e 5 Cancer detected at next annual screen®
* 10 No follow-up available
e 4 Died
| 4 ¢ 1 Withdrawn
1585 With verified cancer status
Positive for cancer Negative for cancer
MBI MBI
Positive Negative Total Positive Negative Total
Positive 5 Positive [ 12 | 158 | 170
Total 17 4 21 Total 102 1462 1564

alnitial test results for MBI represent the setting in which positive findings on blinded MBI interpretation were compared with current screening
mammography and updated to test negative if MBI findings were explained by benign features on mammography.

*One participant with positive mammography and negative MBI had DCIS detected at next annual screening mammography performed outside of
reference standard period; cancer was not concordant with study mammography finding.

°One participant with negative mammography and positive MBI did not comply with recommendations for diagnostic workup and withdrew from the
study. Biopsy performed at 33 months after study imaging showed invasive cancer concordant with the site identified by MBI.

9Five participants with negative mammography and negative MBI had cancer (two invasive and three DCIS) detected at next annual screening
performed outside of reference standard period.

Fig. 1—Flowchart shows study protocol. MBI =molecular breastimaging, DCIS = ductal carcinoma in situ.

Fig. 2—Mammographically occultinvasive lobular carcinoma in 54-year-old
woman detected by molecular breastimaging (MBI).

A, Right craniocaudal image from digital screening mammography was
interpreted as negative.

B, Adjunct craniocaudal MBI image was interpreted as multifocal area of
marked radiotracer uptake in upper outer right breast. Final pathology was
multifocal node-negative grade | invasive lobular carcinoma more than 4 cm
in extent on MBI, with largest individual mass being 0.6 cm.

248 AJR:204, February 2015



Downloaded from www.gjronline.org by BRADLEY PATT on 01/25/15 from I P address 103.224.165.25. Copyright ARRS. For personal use only; all rights reserved

Molecular Breast Imaging

Fig. 3—Multifocal mammographically occult invasive ductal carcinoma detected by
molecular breastimaging (MBI) in 78-year-old woman.

A, Left mediolateral oblique image from digital screening mammography was
interpreted as negative.

B, Adjunct left mediolateral oblique image from MBI was interpreted as focal area

of marked radiotracer uptake in lower inner left breast (arrow). Final pathology was
multifocal node-negative grade l invasive ductal carcinoma, with largest mass (2 cm)
visualized by MBI.

Fig. 4—Small mammographically occultinvasive ductal carcinoma detected by
molecular breastimaging (MBI) in 70-year-old woman.

A, Left mediolateral oblique image from digital screening mammography was
interpreted as negative.

B, Adjunct left mediolateral oblique image from MBI was interpreted as

focal area of mild radiotracer uptake in upper outer left breast (arrow). Final
pathology was node-negative 0.5-cm grade | invasive ductal carcinoma.
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A

Fig. 5—Small molecular breastimaging (MBI)-occultinvasive ductal
carcinoma detected by mammography in 49-year-old woman.

A, Left craniocaudal image from digital screening mammography was
interpreted as showing focal asymmetry in lower inner left breast (arrow) that
was less conspicuous on diagnostic evaluation and was recommended for
short-interval follow-up in 6 months, at which time biopsy was performed.

B, Adjunct craniocaudal image from MBI obtained at time of screening
mammography was interpreted as negative. Final pathology was 0.3-cm
grade Il invasive ductal carcinoma.
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Study Guide

Molecular Breast Imaging at Reduced Radiation Dose for
Supplemental Screening in Mammographically Dense Breasts

Alan Mautz', Joseph J. Budovec?, Margaret Mulligan?2

The Aroostook Medical Center, Presque Isle, ME
ZMedical College of Wisconsin, Milwaukee, WI

alan.mautz@gmail.com, jbudovec@mcw.edu, mmulliga@mcw.edu*

Introduction
1. Why is this study being performed? Do the authors provide an appropriate rationale for performing the study? Is the study timely?
2. What does the study set out to prove? How would you state the null hypothesis for this study?

Methods
3. How were potential participants screened for inclusion in the study? What were the exclusion criteria?
4. What kind of study is described in this article? How did the study design attempt to reduce bias?
5. What are the limitations of this study? Are these limitations adequately discussed?
6. What statistical methods were used to analyze the data?

Results
7. Was the research question answered? Was the null hypothesis proven or refuted?
8. What measure is used to quantify the proposed benefit of adding molecular breast imaging (MBI) to screening mammography? How does
this compare with other possible screening modalities?

Physics
9. Review briefly the mechanism of radiotracer uptake with **™Tc-sestamibi.
10. How do direct conversion cameras, such as the cadmium zinc telluride camera used in this study, differ from conventional scintillating
gamma cameras?

Discussion

11. What impact to clinical practice does this study aim to have? To what extent would this study need to be validated in order for your insti-
tution or practice to adopt MBI?

12. How might cumulative dose increases by adding MBI to screening women with dense breasts be mitigated long-term?

13. Is MBI part of your clinical practice? If not, would you pursue it after reading the results of this study and those included in its references?

14. Are there ethical ramifications in the as yet not widespread use of MBI?

Background Reading

1. Khalkhali I, Baum JK, Villanueva-Meyer J, et al. (99m)Tc sestamibi breast imaging for the examination of patients with dense and fatty breast: multicenter study. Ra-
diology 2002; 222:149-155

2. Hendrick RE. Radiation doses and cancer risks from breast imaging studies. Radiology 2010; 257:246-253

*Please note thatthe authors of the Study Guide are distinct from those of the companion article.
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