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Clinical impact of molecular breast imaging as adjunct 
diagnostic modality in evaluation of indeterminate breast 
abnormalities and unresolved diagnostic concerns
Ariane A. van Loevezijna, Christinne L.S. Corionb, Anneke M. Zeillemakerc, 
Lidy M.H. Wijersd, Robin H.M. Smithuisd, Renato A. Valdés Olmose, 
Jos A. van der Hagef, Lioe-Fee de Geus-Oeie,g, Menno Benardh and 
Lenka M. Pereira Arias-Boudae,i

Purpose Improvements  in molecular breast imaging 
(MBI) have increased the use of MBI as adjunct diagnostic 
modality and alternative to MRI. We aimed to assess the 
value of MBI in patients with equivocal breast lesions on 
conventional imaging, especially in terms of its ability to 
rule out malignancy.

Methods We selected patients who underwent MBI 
in addition to conventional diagnostics due to equivocal 
breast lesions between 2012 and 2015. All patients 
underwent digital mammography, target ultrasound and 
MBI. MBI was performed using a single-head Dilon 6800 
gamma camera after administration of 600 MBq 99mTc-
sestamibi. Imaging was reported according to BI-RADS 
classification and compared with pathology or follow-up of 
≥6 months.

Results Of 226 women included, pathology was 
obtained in 106 (47%) and (pre)malignant lesions were 
found in 25 (11%). Median follow-up was 5.4 years 
(IQR 3.9–7.1). Sensitivity was higher for MBI compared 
to conventional diagnostics (84% vs. 32%; P = 0.002), 
identifying malignancy in 21 and 6 patients, respectively, 
but specificity did not differ (86% vs. 81%; P = 0.161). 
Positive and negative predictive value were 43% and 98% 
for MBI and 17% and 91% for conventional diagnostics. 
MBI was discordant with conventional diagnostics in 

68 (30%) patients and correctly changed diagnosis in 
46 (20%) patients, identifying 15 malignant lesions. In 
subgroups with nipple discharge (N = 42) and BI-RADS 3 
lesions (N = 113) MBI detected 7 of 8 occult malignancies.

Conclusion MBI correctly adjusted treatment in 20% 
of patients with diagnostic concerns after conventional 
work-up, and could rule out malignancy with a high 
negative predictive value of 98%. Nucl Med Commun 44: 
417–426 Copyright © 2023 The Author(s). Published by 
Wolters Kluwer Health, Inc.
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Introduction
Mammography is the current gold standard in breast can-
cer screening, and evaluation of mammography-detected 
breast abnormalities is primarily performed with target 
ultrasound. The accuracy of mammography and target 
ultrasound; however, strongly depends on several factors 
such as breast density, the presence of breast implants or 
a history of breast surgery or radiotherapy [1,2]. Women 
with dense breast tissue or other factors that complicate 
evaluation with mammography may therefore benefit 
from supplemental imaging, such as MRI [3]. Dynamic 

contrast-enhanced MRI is highly sensitive for the detec-
tion of breast cancer and additional foci, but overall 
specificity is moderate [4–7]. Therefore, extra diagnostic 
procedures are regularly needed when undefined MRI 
lesions are found [6–9].

Recently, molecular breast imaging (MBI) with 
99mTc-sestamibi as a radiotracer has regained attention 
as supplemental imaging procedure. The uptake of 
99mTc-sestamibi in breast tumours is based on neoangi-
ogenesis and increased mitochondrial density, which is 
captured by a gamma camera. In contrast to anatomical 
imaging, MBI is not limited by structural distortions or 
breast densities. Breast-dedicated gamma cameras now-
adays are able to detect small-breast lesions (≤1 cm) at 
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a relatively low-radiation dose, not affected by breast 
density [10–14]. Promising data have demonstrated that 
MBI is as sensitive as MRI (89%–97%) but show higher 
specificity rates (77%–89%) [12,15–19]. MBI is therefore 
increasingly being proposed as a useful alternative to 
MRI. Few studies; however, have reported on the clinical 
utility of MBI as supplemental imaging technique.

The aim of this study was to determine the diagnos-
tic accuracy of MBI as a problem-solving modality in 
patients with equivocal or inconclusive breast abnormali-
ties at conventional diagnostic work-up and to assess the 
impact of MBI on the subsequent treatment strategy. In 
addition, we evaluated patient characteristics associated 
with breast cancer and assessed the value of MBI in sub-
groups of patients with nipple discharge and BI-RADS 3 
lesions.

Material and methods
Patient population
We included all women of ≥18 years who underwent MBI 
because of undefined breast lesions or equivocal find-
ings at clinical examination and conventional diagnostic 
imaging between March 2012 and February 2015. The 
average period interval between conventional diagnostic 
and MBI was 2 weeks. Patient data were retrospectively 
collected and assessed. Exclusion criteria were histo-
pathological confirmed (pre)malignant breast lesion prior 
to MBI and incomplete medical files. This study was 
approved by the local regulatory authorities.

Imaging techniques
Conventional diagnostic imaging of the breasts con-
sisted of a standard digital craniocaudal and medio-lat-
ero-oblique mammographic view (Siemens Inspiration 
Mammomat, Munich, Germany), followed by target 
ultrasound (Philips Affiniti 70 G Linear transducer L 
12-5, Eindhoven, the Netherlands). Additional imag-
ing with contrast-enhanced MRI (1.5-T system; Philips 
Ingenia, Eindhoven, the Netherlands) was only acquired 
if considered necessary at multidisciplinary consultation. 
Mammography, target ultrasound and MRI were inter-
preted by radiologists according to the American College 
of Radiology Breast Imaging Reporting and Data System 
(BI-RADS) Atlas [20]. Findings were categorised as nor-
mal (BI-RADS 1), benign, (BI-RADS 2), probably benign 
(BI-RADS 3), suspicious (BI-RADS 4), or highly sugges-
tive of malignancy (BI-RADS 5).

MBI was conducted using the single-head Dilon 6800 
gamma camera (Dilon Technologies, Newport News, 
Virginia, USA). Patients received an intravenous injection 
of 600 MBq 99mTc-sestamibi 5–10 min prior to the imag-
ing in a contralateral antecubital vein. Subsequent images 
were acquired in the craniocaudal and latero-oblique 
direction, comparable to the mammographic projec-
tions. If relevant, additional planar images (lateromedial 

or mediolateral view or axillary craniocaudal view) were 
acquired from the ipsilateral breast. The functional 
images were directly compared with the most recent 
mammography. Images were assessed using the image 
interpretation criteria as defined by the MBI Lexicon 
[21], referring to background activity, mass or non-mass 
uptake, intensity, internal pattern of uptake, location, 
distribution, and symmetry. Final assessment, based on 
these criteria, was made according to assessment codes 
modelled after those used in BI-RADS for other breast 
imaging modalities, tailored to MBI.

Histopathological analysis by fine-needle aspiration cytol-
ogy (FNAC) or biopsy (ultrasound-guided, stereotactic, 
MRI-guided, or MBI-guided) of detected breast lesions 
was obtained in case of suspect or equivocal lesions 
whenever possible. MRI- or MBI-guided biopsy was per-
formed only if the breast lesion could not be identified 
with target ultrasound. In addition to histopathological 
evaluation, representativeness of the biopsy specimens 
was assessed by measuring the activity in the tissue sam-
ples ex-vivo, directly after biopsy, using the parallel-hole 
collimator [22]. Follow-up imaging was conducted on a 
time interval considered clinically necessary. For analys-
ing purposes, ductal carcinoma in situ was considered a 
malignant lesion and at least 6 months follow-up imaging 
had to be available in patients without a final pathological 
diagnosis.

Outcomes
The primary outcome was the diagnostic accuracy 
(i.e. sensitivity, specificity, negative predictive value, 
and positive predictive value) of MBI, which was 
compared to the diagnostic accuracy of conventional 
imaging with mammography and the target ultrasound. 
For analysing purposes, BI-RADS categories 1–3 were 
considered negative for malignancy and categories 4–5 
were considered positive for malignancy. Diagnostic 
imaging was classified as true-negative, false-nega-
tive, true-positive and false-positive for malignancy 
based on pathological findings or follow-up for at least 
6 months.

Second, the clinical impact of MBI as adjunct modality 
after conventional work-up was assessed as the propor-
tion of patients in which MBI led to correct upstaging 
or downstaging (i.e. correct change in BI-RADS > 3 or 
BI-RADS ≤ 3 classifications). In addition, patient charac-
teristics associated with malignancy were assessed and 
subgroup analyses were performed for patients with nip-
ple discharge and BI-RADS 3 lesions.

Statistical analysis
The BI-RADS classification at conventional work-up 
and the BI-RADS classification of MBI were com-
pared within patients using the Wilcoxon signed-
rank test. The two-sided 95% confidence intervals for 
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proportions were calculated using the Clopper–Pearson 
exact method. Differences in sensitivity and specificity 
between conventional imaging and MBI were analysed 
using McNemar’s test. Logistic regression was used to 
evaluate associations between baseline patient charac-
teristics and breast malignancy. Subgroup analyses were 
prespecified for BI-RADS 3 lesions and patients with 
nipple discharge. Statistical significance for comparisons 
between groups was defined as P < 0.05. Statistical analy-
sis was carried out using IBM statistics SPSS, version 25, 
Armonk, Ney York.

Results
Patient population
MBI was performed in 275 patients because of diagnos-
tic concerns. Of these, 34 patients did not meet inclusion 
criteria, 4 patients had missing data, and 11 patients could 
not be analysed due to the absence of both histopatho-
logical confirmation and follow-up. In total, 226 patients 
were included for analysis. Median age was 54 years 
(range 21–86). Ninety (40%) patients were referred 
by the national breast cancer screening program and 
136 (60%) patients presented with clinical symptoms. 
Baseline patient characteristics and indications for MBI 
are presented in Table 1.

All patients underwent mammography and target ultra-
sound prior to MBI. Median BIRADS classification at 
conventional diagnostic imaging was 3 [interquartile 
range (IQR) 2–3] and median BIRADS classification with 
MBI was 2 (IQR 1–3) (P = 0.001).

Fourteen patients (6%) received additional imaging with 
both MBI and MRI. Four patients received additional 
imaging with MRI prior to MBI; MBI was performed 
additionally due to remaining clinical concerns. In one 
of these patients, MRI was technically unsuccessful 
(due to claustrophobia). The other three patients had 
lesions that were considered benign on MRI. In these 
three patients MRI- and MBI-findings were concord-
ant. In two of three patients, the benign nature was con-
firmed by histopathological analysis. The third patient 
remained in follow-up without evidence of malignancy 
during follow-up.

Ten patients underwent MRI after MBI (due to 
remaining clinical concerns). In one patient a lesion 
was considered malignant by both MRI and MBI; his-
topathology; however, revealed benign aetiology. One 
patient had FNAC prior to MBI/MRI, showing malig-
nant cells. Both MBI and MRI did not show a suspi-
cious lesion; however, and both classified the lesion as 
benign. This patient remained in follow-up, without 
evidence of malignancy. In the remaining eight patients 
MRI-findings and MBI-findings were concordant as 
well: both modalities classified all lesions as benign 
and benign nature was confirmed by histopathological 
analysis in six of eight patients. Two patients remained 
in follow-up without evidence of malignancy during 
follow-up.

Histopathological analysis
Histopathology was obtained in 106 (47%) patients. 
Of these, 47 (21%) patients underwent FNAC only, 23 
(10%) patients had ultrasound-guided core biopsy with 
or without FNAC, 17 (8%) patients underwent MBI-
guided biopsy, 14 (6%) patients had stereotactic vacu-
um-assisted biopsy, 2 (1%) patients had MRI-guided 
biopsy, and 3 (1%) patients underwent diagnostic 
excision.

At histopathological evaluation, a total of 25 (11%) 
patients were diagnosed with malignant breast lesions. 
Fifteen patients had invasive ductal carcinoma, four 
patients had invasive lobular carcinoma, five patients 
had ductal carcinoma in situ (DCIS), and one patient was 
diagnosed with intracystic carcinoma (Table 2). Median 
size of the malignant lesions was 14 mm (6–70). There 
was one patient who had a tumour-positive FNAC that 
could not be confirmed with histopathological analysis 
hereafter. At 3.8 years follow-up, no evidence of breast 
malignancy was found, and the lesion was therefore con-
sidered benign. Median follow-up of all patients without 
histopathology was 5.4 years (IQR 3.9–7.1).

Table 1 Baseline patient characteristics (n = 226)

Age (years) 54 (45–67) 

History of breast cancer 40 (18%)
Positive family history 53 (24%)
Referral by breast cancer screening 

program
90 (40%)

Hormonal status
  Premenopausal 63 (28%)
  Perimenopausal 26 (11%)
  Postmenopausal 131 (58%)
  Unknown 6 (3%)
Symptoms
  No symptoms 99 (44%)
  Pain 14 (6%)
  Palpable mass 60 (26%)
  Skin abnormality 11 (5%)
  Nipple discharge 42 (19%)
Clinical classification
  No abnormalities 114 (50%)
  Benign 55 (24%)
  Uncertain benign 36 (16%)
  Uncertain malignant 21 (9%)
Breast density
  a.Mostly fatty 37 (16%)
  b.Some density (scattered) 92 (41%)
  c.Moderately dense (heterogeneous) 81 (36%)
  d.Extremely dense 16 (7%)
Indication MBI
  BI-RADS 3 lesion 49 (22%)
  Discrepancy with clinical findings 44 (19%)
  History of breast surgery and equiv-

ocal lesion
24 (11%)

  Mammography-detected lesion, 
occult with ultrasound

63 (28%)

  MRI-detected lesion, occult with 
ultrasound

7 (3%)

  Nipple discharge and equivocal or 
negative mammography + ultrasound

39 (17%)

Data are median (IQR) or N (%).
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Diagnostic accuracy of conventional imaging and 
molecular breast imaging
Overall, conventional diagnostics correctly assessed 8 
[32%; 95% confidence interval (CI), 15–53] of 25 patients 
with malignant lesions as BI-RADS > 3, whereas MBI 
detected malignant lesions in 21 (84%; 95% CI, 64–95) of 
25 patients (Table 2). MBI detected four of five patients 
with DCIS and eight of nine patients with a malignant 
lesion ≤1 cm, while none of these lesions were detected 
with conventional imaging (Table 2).

In patients with benign breast lesions, conventional imag-
ing was correctly negative in 162 (81%; 95% CI, 74–86) of 
201 patients and MBI was correctly negative in 173 (86%; 
95% CI, 81–91) of 201 patients. Sensitivity of adjunct 
MBI was higher compared to conventional imaging (84% 
vs. 32%; P < 0.002), but specificity did not significantly 
differ (86% vs. 81%; P = 0.161). The positive predictive 
value (PPV) and negative predictive value (NPV) of MBI 
were 43% (95% CI, 29–58) and 98% (95% CI, 94–99), 
respectively, compared to 17% (95% CI, 8–31) and 91% 
(95% CI, 85–94) for conventional diagnostics (Table 3).

Clinical impact of molecular breast imaging
MBI categorised 68 of 226 (30%) patients in a different 
BI-RADS category than CONVENTIONAL imaging 
(i.e. BI-RADS ≤ 3: ‘benign’ or BI-RADS > 3: ‘malignant’) 
(Fig.  1). MBI downstaged 33 patients, of whom 27 
patients underwent pathology analysis and 16 patients 

had follow-up imaging only. Two of 33 downstaged 
patients were diagnosed with malignant breast lesions 
and 31 (94%) patients had benign lesions. MBI upstaged 
35 patients, of which 15 (43%) patients had malignant 
breast lesions; examples are shown in Figs 2 and 3. In 4 of 
35 upstaged patients, pathology was not obtained as the 
MBI pattern was interpreted as corresponding with the 
clinical diagnosis of mastopathy.

In 14 of 16 of the remaining upstaged patients, his-
topathological findings were benign, meaning MBI-
findings were false-positive in these patients. In three 
patients, histopathology was consistent with a fibroad-
enoma, five patients had changes consistent with 
mastopathy, and in the other six patients only normal 
breast tissue was found in the biopsy specimens. In 
two patients MBI was repeated after several weeks, 
since MBI-guided biopsy was technically impossible 
and lesions were occult on conventional diagnostic. 
Follow-up MBI showed significant decrease/absence 
of uptake, making benign aetiology more likely. Both 
patients remained in follow-up without evidence of 
malignancy during follow-up.

Overall, MBI correctly adjusted the imaging classifica-
tion in 46 (68%; 95% CI, 55–78) of 68 patients in which 
MBI differed from conventional diagnostics, and was 
therefore of added value in 20% (95% CI, 15–46) of all 
patients (Fig.  1). Two of 25 patients with a malignant 
breast lesion (DCIS and lobular carcinoma) which were 
categorised BI-RADS ≤ 3 by both MBI and conven-
tional imaging were diagnosed at short-term follow-up 
imaging.

Characteristics associated with malignancy
Predictive for malignancy in patients presenting with an 
equivocal breast lesion or diagnostic concerns were older 
age [odds ratio (OR) 1.06; 95% CI, 1.02–1.10], a palpa-
ble breast lesion (OR 3.10; 95% CI, 1.07–9.03) and nip-
ple discharge (OR 3.65; 95% CI, 1.18–11.28) compared 
to no symptoms, and the clinical classification ‘probably 
malignant’ (OR 4.16; 95% CI, 1.32–13.11) as assessed by 
a breast surgeon. At multivariate analysis, older age (OR 
1.06; 95% CI, 1.02–1.10), a palpable breast lesion (OR 

Table 2 Pathological and radiological classification of malignant breast lesions

  Conventional imaging MBI   

BI-RADS ≤ 3 BI-RADS > 3 BI-RADS ≤ 3 BI-RADS > 3 Total Size (mm)

Ductal carcinoma 9 36% 6 24% 1 4% 14 56% 15 60% 15 6–70 
Lobular carcinoma 3 12% 1 4% 2 8% 2 8% 4 16% 10 6–14
DCIS
  Grade 1 1 4% –  –  1 4% 1 4% 9 –
  Grade 2 2 8% –  –  2 8% 2 8% 25 24–26
  Grade 3 2 8% –  1 4% 1 4% 2 8% 10 10–10
Intracystic carcinoma 0 – 1 4% 0  1 4% 1 4% 10 –
Total 17 68% 8 32% 4 16% 21 84% 25 100% 14 6–70

Data are median (range) or N (%). Conventional imaging includes mammography plus ultrasound.
DCIS, ductal carcinoma in situ; MBI, molecular breast imaging.

Table 3 Diagnostic accuracy of conventional imaging and molecu-
lar breast imaging in patients with indeterminate breast abnor-
malities and unresolved diagnostic concerns

  Malignant breast lesion   

No (n = 201) Yes (n = 25) Total (n = 226)

Conventional imaging
  BI-RADS ≤ 3 162

(81%)
17

(68%)
179

(79%)
  BI-RADS > 3 39 (19%) 8 (32%) 47 (21%)
MBI
  BI-RADS ≤ 3 173 (86%) 4 (16%) 177 (78%)
  BI-RADS > 3 28 (14%) 21 (84%) 49 (22%)

Data are n (%). Conventional imaging mammography plus ultrasound.
MBI, molecular breast imaging.
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4.86; 95% CI, 1.14–20.66) and nipple discharge (OR 4.44; 
95% CI, 1.13–17.50) remained predictive for in-situ or 
invasive breast cancer (Table 4).

Value of molecular breast imaging in patients with 
nipple discharge
In the subgroup of 42 patients with nipple discharge, 
three patients had a different main indication for MBI: 
(1) referral by the national screening program with a 
BI-RADS 3 lesion, (2) to evaluate an additional MRI-
detected lesion, and (3) to evaluate a post-surgical 
lesion. Sixteen patients presented with bloody nipple 
discharge.

In total, 8 (19%) of 42 patients were diagnosed with 
breast malignancy. Of the 16 patients with bloody nip-
ple discharge, 5 (31%) patients had a malignant lesion. 
Conventional imaging categorised 40 of 42 patients 
as BI-RADS ≤ 3 and 2 patients as BI-RADS > 3. None 
of the 8 malignant lesions were correctly assessed by 
mammography and ultrasound. MBI upstaged 11 of 40 
BI-RADS ≤ 3 patients, in which 7 (54%) patients with 
malignant lesions were found, and correctly down-
staged the two patients that scored BI-RADS > 3 with 
conventional imaging. Thus, MBI correctly adjusted 
imaging classification in 9 (21%; 95% CI, 10–37) of 
42 patients with nipple discharge. One of the eight 
malignant lesions was assessed BI-RADS ≤ 3 by both 
conventional imaging and MBI and was detected at fol-
low-up imaging. Eleven (24%) of 42 patients with nip-
ple discharge and negative conventional imaging and 
MBI were referred for ductoscopy, at which none of the 
patients were diagnosed with in-situ or invasive breast 
cancer.

Diagnostic sensitivity of MBI in patients with nipple 
discharge was 88% (7 of 8; 95% CI, 47–99). Specificity 
was lower for MBI than conventional imaging, although 
this was not statistically significant [82% (28/34) vs. 94% 
(32/34), P = 0.125]. PPV and NPV for MBI were 64% (7 
of 11; 95% CI, 31–89) and 99% (28 of 29; 95% CI, 82–99), 
and 0% and 80% (32 of 40; 95% CI, 64–91) for conven-
tional diagnostics, respectively.

Value of molecular breast imaging in patients with 
BI-RADS 3 lesions
Eight (7%) out of 113 patients with BI-RADS 3 lesions 
at conventional diagnostics had malignant lesions. MBI 
upstaged 20 (18%) patients, of which 7 were true-pos-
itive for malignancy. One of the eight patients with 
malignant lesions was assessed BI-RADS 2 by MBI and 
was detected at follow-up imaging. MBI correctly cate-
gorised 99 (88%) of 113 patients with BI-RADS 3 lesions 
on conventional imaging in the ‘benign’ or ‘malignant’ 
category and correctly adjusted imaging classification in 
7 (6%; 95% CI, 2–12) of 113 patients. Diagnostic sensi-
tivity and specificity of MBI in patients with BI-RADS 
3 lesions were 88% (7 of 8; 95% CI, 47–99) and 88% (92 
of 105; 95% CI, 80–93), and PPV and NPV were 35% 
(7 of 20; 95% CI, 15–59) and 99% (92 of 93; 95% CI, 
94–99).

Discussion
MBI as additional diagnostic modality in patients with 
remaining concerns after the conventional work-up (i.e. 
mammography and ultrasound) greatly improved the 
diagnostic accuracy of imaging in this complex patient 
population. MBI identified significantly more malignant 
breast lesions compared to conventional imaging alone 

Fig. 1

Value of adjunct molecular breast imaging in patients with remaining diagnostic concerns after conventional breast imaging. MBI, molecular breast 
imaging; CD, conventional diagnostic imaging with mammography and ultrasound. BI-RADS ≤ 3 classifications were considered benign and 
BI-RADS > 3 classifications were considered malignant. BI-RADS scores were compared with histopathological analysis or at least 6 months fol-
low-up imaging.
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(84% vs. 32%) and detected 15 of 25 patients with (pre)
malignant breast lesions that were missed at conventional 
imaging. Specificity of MBI was also higher compared to 
conventional diagnostics, although not statistically sig-
nificant (86% vs. 81%). Overall, the addition of MBI in 
patients with equivocal breast lesions or diagnostic con-
cerns led to a correct change in management in 20% of all 
patients.

Predictors for malignancy in this study population 
were older age, a palpable mass and nipple discharge. 
Pathological nipple discharge and especially bloody 

nipple discharge is a known predictor of breast cancer 
[23,24]. Therefore, we performed a subgroup analy-
sis including 42 patients with remaining concerns and 
nipple discharge, in which MBI revealed malignant 
lesions in 19% of cases, all occult on mammography and 
ultrasound.

Subgroup analysis was also performed in patients with 
BI-RADS 3 breast lesions. This group represents a large 
proportion of patients with remaining diagnostic con-
cerns after conventional work-up. For these patients, the 
American College of Radiology generally recommends 

Fig. 2

Breast imaging of a 56-year-old patient with left-sided breast cancer, detected at 1-year follow-up after treatment for right-sided breast cancer. With 
digital mammography, more glandular tissue was described in the medial lower quadrant (BI-RADS 3) (a), but no mass could be distinguished and 
ultrasound was negative. Molecular breast imaging (MBI; Dilon 6800 gamma camera) revealed suspicious sestamibi uptake in the medial lower 
quadrant over an area of 36 mm (b). MBI-guided biopsy was conducted, showing invasive carcinoma grade 2 with a lobular growth pattern, hormone 
receptor-positive, HER2-negative.
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6 months follow-up imaging or diagnostic biopsy, if the 
patient has been referred by the breast cancer screening 
program [20]. We found that MBI correctly upstaged 6% 
of 113 patients with BI-RADS 3 lesions and particularly 

had a high NPV of 99%. Therefore, additional MBI could 
potentially allow omission of diagnostic biopsy proce-
dures or discharge patients with BI-RADS 3 lesions from 
further follow-up.

Fig. 3

Breast imaging of a 69-year-old patient with left-sided breast cancer and ductal carcinoma in situ. The patient was referred by the national breast 
cancer screening program due to incomplete imaging (BI-RADS 0). There appeared to be slightly more glandular tissue in the medial lower quad-
rant on digital mammography (a) including the mammographic enlargements (b), with an inhomogeneous echotexture, but no mass could be dis-
tinguished. Adjunct molecular breast imaging showed suspicious irregular sestamibi uptake in the medial lower quadrant (c) (Dilon 6800 gamma 
camera). A hydromarker was placed in the area with inhomogeneous echotexture to confirm correlation with the pathological sestamibi uptake on 
MBI (d), after which ultrasound-guided biopsy was performed. The representativity of the acquired biopsy specimens was confirmed by showing 
uptake of sestamibi in the specimens in vitro. Pathological analysis showed ductal carcinoma in-situ grade 3 with a small focus of invasive carcinoma, 
hormone receptor-negative, HER2-positive. MBI, molecular breast imaging.

Table 4 Predictive factors for breast malignancy

  Univariate Multivariate

OR 95% CI P value OR 95% CI P value 

Age (years) 1.06 1.02–1.10 0.002 1.06 1.02–1.10 0.003
History of breast cancer 0.60 0.17–10 0.422    
Positive family history 0.82 0.29–2.30 0.702    
Presenting symptoms
  None Ref.      
  Pain 0.00 NA. 0.999 0.00 NA. 0.999
  Palpable mass 3.10 1.07–9.03 0.038 4.86 1.14–20.66 0.032
  Skin abnormality 1.55 0.17–14.20 0.698 2.16 0.19–25.20 0.538
  Nipple discharge 3.65 1.18–11.28 0.025 4.44 1.13–17.50 0.033
Clinical classification
  No abnormalities Ref.      
  Benign 1.27 0.44–3.70 0.657 0.68 0.17–2.63 0.572
  Uncertain benign 0.95 0.25–3.64 0.935 0.39 0.08–1.95 0.250
  Uncertain malignant 4.16 1.32–13.11 0.015 1.15 0.26–5.06 0.858
Breast density
  Mostly fatty Ref.      
  Some density 0.70 0.24–2.06 0.519    
  Moderately dense 0.49 0.25–1.57 0.230    
  Extremely dense 0.34 0.04–3.12 0.343    

Univariate and multivariate logistic regressions.
CI, confidence interval; NA, not applicable; OR, odds ratio; Ref, reference.
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Several studies have reported on the diagnostic accuracy 
of MBI in patients with proven breast cancer, as supple-
mental screening modality in patients with dense breast 
tissue or in women with an increased risk of breast cancer 
[11,12,15,16,25–30]. The clinical value of supplemental 
MBI for the detection of breast cancer in patients with 
diagnostic concerns; however, is less clear. Patient charac-
teristics and indications for MBI vary across studies and 
few aimed to investigate the diagnostic accuracy of MBI 
as a problem-solving modality [18,19,31–40]. Notably, 
the incidence of (in-situ) breast cancer in all except 
one of these studies was much higher (7%–90%) than 
the incidence of breast cancer reported in the present 
study (11%), making it difficult to compare the results 
[18,19,31–37,39,40]. In addition, only three of these stud-
ies explicitly analysed (a subgroup of) patients with sus-
picious lesions at clinical examination that were negative 
with conventional imaging or patients with indetermi-
nate breast lesions [18,19,32].

One of the three studies that explicitly investigated the 
value of MBI in patients with intermediate breast lesions 
or diagnostic concerns, was the study by Siegal et al. 
Siegal et al. retrospectively reviewed 416 cases in which 
MBI was ordered in more than half of the patients for an 
indeterminate asymmetry or focal asymmetry [32]. Other 
common indications were evaluation of calcifications, 
palpable lumps with negative imaging, and evaluation of 
patients with a surgical scar. In this study population, sen-
sitivity and specificity of MBI were 93% and 79%, which 
slightly differs from the 84% and 86% we found [32]. 
This is not remarkable, as the incidence of breast malig-
nancy was slightly lower (7% vs. 11%), the proportion of 
patients with intermediate lesions was higher (55% vs. 
22%) and we did not include patients with calcifications.

Weigert et al. analysed 1042 patients in whom MBI was 
performed for at least two of the following indications: 
equivocal or negative conventional imaging and an unre-
solved clinical concern, personal history of breast cancer 
or current cancer diagnosis, palpable masses negative on 
conventional imaging, dense breast tissue or high risk 
for breast cancer [18]. Although the incidence of breast 
cancer was higher compared to both our study and the 
study by Siegal et al. (24% vs. 11% and 7%), the sensitiv-
ity and specificity of MBI were both lower, with rates of 
80% and 75%, respectively [18,32]. However, this study 
population was also considerably different compared to 
our population, as Weigert et al. included patients with 
proven breast cancer and high-risk patients scheduled for 
breast cancer screening.

In the study by Spanu et al., a subgroup of 41 patients 
with suspicious lesions on physical examination or on 
ultrasound or MRI that were negative at mammogra-
phy (BI-RADS ≤ 3) were analysed within a total study 
population of 467 patients [19]. MBI correctly identified 
malignancy in 31 of 33 patients with BI-RADS ≤ 3 lesions 

(sensitivity 94%), including 26 patients with heteroge-
neously/high-dense breast [19]. Both the sensitivity of 
MBI as well as the incidence of malignancy (33 of 41) 
were much higher in this study compared to our findings. 
Nevertheless, Spanu et al. reported substantial added 
value of MBI as adjunct diagnostic modality, as did the 
studies by Siegal et al. and Weigert et al [18,19,32].

Currently, MRI is the most commonly used supple-
mental diagnostic imaging modality in the evaluation of 
breast lesions [41]. MBI; however, has several advantages 
over MRI. These advantages include lower costs, quicker 
interpretation and greater cost-effectiveness [27,42]. In 
addition, MBI can also be used for patients with obesity, 
metal implants or claustrophobia, in contrast to MRI. 
Maybe the most important advantage of MBI over MRI 
is its higher specificity, leading to a significantly higher 
PPV of additional biopsies [43]. Furthermore, MBI also 
provides the possibility of obtaining MBI-guided biop-
sies. In case of MBI-guided biopsy, the representative-
ness of the obtained biopsy specimen can be verified by 
measuring its radioactivity, a verification step that is not 
available in MRI-guided biopsy [22,44]. In the current 
study, in all 14 patients who underwent both MBI as well 
as MRI, MBI- and MRI-findings were concordant, sup-
porting the non-inferiority of MBI to MRI.

The use of MBI has been criticised because it did not 
seem to be sensitive enough in detecting small, sub-cen-
timetre breast lesions. New improvements in breast-ded-
icated gamma cameras; however, have resulted in 
improved images with a smaller dosage of radiotracer 
administered [13,35]. Several studies have now con-
firmed the accuracy of MBI in patients with small-breast 
tumours [17,31]. Our study confirms these findings, as 
8 of 9 malignant breast lesions of less than 1 cm were 
correctly identified.

An often brought up limitation of MBI is the fact that it 
requires injection of a radiotracer, resulting in radiation 
exposure to the patient. In our centre, patients received 
600 MBq (16 mCi) of radiotracer until 2018, resulting 
in a whole-body radiation dose of 5 mSv distributed 
throughout the body. Albeit this is similar to the effec-
tive dose of other commonly applied nuclear diagnostic 
examinations, such as cardiac imaging and bone scin-
tigraphy, it is higher than the effective dose of digital 
mammography (0.5 mSv), although in this case the dose 
is concentrated to the breasts [40]. Recently, low-dose 
imaging protocols have been described [30], and tech-
nological innovations have resulted in the availability 
of more sensitive (CZT-dual head) MBI systems, allow-
ing a significant reduction of the absorbed dose to the 
breast (0.25 mGy, 1.1 mSv) [45]. As a result, MBI may 
be opted as screening tool in patients with dense breast 
tissue [13,16]. In our institute, these developments 
have resulted in a reduction of the administered activ-
ity to 200 MBq (5 mCi).
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Possible limitations of our study are its retrospective and 
single-centre character, the use of MBI in a population 
with divergent diagnostic dilemmas and the fact that not 
all patients underwent pathological assessment of the 
breast lesions. However, a major advantage of our study 
is its long-term follow-up. No other malignant breast 
lesions were detected at a median follow-up of more than 
5 years, which practically nullifies the missing patholog-
ical assessments of patients categorised as benign with 
adjunct MBI.

In this study, we found that MBI was of great additional 
value in patients with remaining diagnostic concerns after 
the conventional work-up with mammography and ultra-
sound, due to its high NPV and good PPV of 98% and 
43%, respectively. MBI could accurately rule out malig-
nancy, especially in the subpopulation of patients with 
BIRADS 3 lesions, and identified a significant number 
of (pre)malignant lesions overlooked with conventional 
imaging alone. Therefore, we recommend the use of 
MBI as adjunct modality to guide decision-making (e.g. 
obtaining pathology or follow-up imaging) in patients 
with undetermined breast abnormalities and unresolved 
diagnostic concerns after conventional imaging.
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