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Abstract
Purpose  Mammography (MG) is the standard imaging in surveillance of women with a personal history of breast cancer or 
DCIS (PHBC), supplemented with ultrasound. Contrast Enhanced Mammography (CEM) has higher sensitivity than MG 
and US. We report the performance of CEM compared with MG ± US.
Methods  A retrospective study of patients undergoing their first surveillance CEM in an Australian hospital setting between 
June 2006 and October 2020. Cases where a patient was recalled for assessment were identified, recording radiology, pathol-
ogy and treatment details. Blinded re-reading of recalled cases was performed to determine the contribution of contrast. Use 
of surveillance US across the board was assessed for the period.
Results  73/1191 (6.1%) patients were recalled. 35 (48%) were true positives (TP), with 26 invasive cancers and 9 cases of 
DCIS, while 38 (52%) were false positive (FP) with a positive predictive value (PPV) 47.9%. 32/73 were recalled due to MG 
findings, while 41/73 were only recalled due to Contrast. 14/73 had ‘minimal signs’ with a lesion identifiable on MG with 
knowledge of the contrast finding, while 27/73 were visible only with contrast. 41% (17/41) recalled due to contrast were 
TP. Contrast-only TPs were found with low and high mammographic density (MD). Screening breast US reduced by 55% 
in the year after CEM was implemented.
Conclusion  Compared to MG, CEM as a single surveillance modality for those with PHBC has higher sensitivity and com-
parable specificity, identifying additional malignant lesions that are clinically significant. Investigation of interval cancer 
and subsequent round outcomes is warranted.
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Introduction

Women with a personal history of breast cancer (PHBC) 
have an increased incidence of subsequent in-breast malig-
nancy, either in the form of local recurrences after breast 

conserving therapy or contralateral breast cancer [1]. Early 
detection of these events is associated with improved sur-
vival [2]. Breast cancers in patients with PHBC are twice 
as likely to be stage IIB or greater or to be node positive 
when compared with screen-detected cancers in the gen-
eral population, which can translate into poorer outcomes 
[1, 3]. For this reason, breast imaging is a critical part of 
follow-up care. Clinical guidelines for women with PHBC 
universally recommend annual imaging, even where national 
guidelines for population screening may recommend 2- or 
3-yearly imaging [4].

Mammography (MG) has been the foundation for surveil-
lance after breast cancer for many years. Full field digital 
MG (2DMG) initially replaced analogue imaging, and more 
recently, digital breast tomosynthesis (3DMG) has become 
widespread, due to its improved cancer detection rate com-
pared with 2DMG [5–7].
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In recognition of false negatives if relying on MG alone, 
supplemental ultrasound (US) is often used, with reports 
of identification of additional lesions in up to 5.3 per 1000 
patients with an elevated risk of breast cancer and high 
mammographic density (MD) [7–10]. However, the sensi-
tivity of supplemental US is likely lower for women with 
PHBC [11]. Adjunctive screening US has low specificity, 
with many additional benign lesions being identified and 
investigated, of detriment to both the patient via heightened 
anxiety and to the health system via increased costs [9, 10, 
12–14].

MRI has also been used in surveillance, usually in asso-
ciation with MG, and provides increased rates of cancer 
detection and lower interval cancer (IC) rates [15]. MRI is 
considered to be particularly helpful in cases with high MD, 
which is itself associated not only with increased risk of 
cancer or local recurrence, but also with reduced sensitivity 
of MG [16]. However, MRI is a more expensive test, and its 
limited access and capacity in Australia are barriers to its 
widespread use for routine surveillance.

Contrast enhanced mammography (CEM) may have 
a role in surveillance. The equipment and procedures are 
very similar to conventional MG, and it uses standard iodi-
nated intravenous contrast. Allergic reactions are uncom-
mon (less than 1%) and usually mild and self-limiting [17]. 
The radiation dose is estimated to be 20–80% higher than 
conventional MG but still within quality assurance guide-
lines [18]. In both screening and diagnostic settings, CEM 
has been shown to offer increased sensitivity compared with 
2D/3DMG plus US, and potentially better specificity than 
MRI [19–21]. Published results vary on whether CEM pro-
vides comparable cancer detection to MRI [19–21]. Reports 
of CEM for routine surveillance after PHBC are limited, 
but it is potentially an attractive technology in this setting 
[22–25].

CEM was introduced at The Royal Melbourne Hospital, 
an academic hospital in Melbourne, Australia, in 2015. From 
late 2018 we introduced a policy that CEM alone would 
be the default method for all suitable, consenting patients 
undergoing surveillance due to PHBC, on the basis that 
it was expected to equal or improve on the prior policy of 
2D/3DMG plus selective US. This report describes out-
comes of the first round of surveillance CEM.

Material and methods

All women with PHBC having surveillance CEM between 
June 2016 and October 2020 were identified. CEM 
includes recombined contrast images, and 2D and 3D 
images without contrast, all in a single acquisition. Those 
with known contrast allergies were excluded. Those over 
65 or with a history of renal disease or diabetes had eGFR 

assessed and if eGFR was less than 30 ml/min CEM was 
not offered. Those who declined had 2D/3DMG and selec-
tive US.

CEM was performed using a Hologic 3 Dimensions 
unit (Hologic, Danbury, Connecticut, USA). Patients were 
given 100mls of Omnipaque™ 350 (Iohexol; GE Health-
care) intravenously, through a 20-gauge cannula using a 
power injector, at a rate of 3 mL/sec. and once the con-
trast injection was completed, the patient was positioned for 
her MG (after 2 min of injection). Mammographic imag-
ing was usually performed in “Combo Mode” with almost 
simultaneous low (26–30 kVp) energy, high (45–49 kVp) 
energy and tomographic images interleaved. This provides 
2D images, 3D images and recombined contrast-enhanced 
images subsequently used in analyses. Mediolateral oblique 
and craniocaudal views of each breast were obtained in all 
patients; the side of the previous cancer was usually imaged 
first. The imaging window was from 2 to 8 min. The low-
energy images were interpreted as the 2D MG component. 
Postprocessing with a recombination algorithm provided 
an iodine (C +) image that highlighted the areas of con-
trast enhancement. The low keV, tomographic, and the 
iodine(C +) images were co-registerable, and stored in PACS 
for reporting. Contrast enhancement appearing above that 
of background was reported as requiring recall for further 
assessment.

In this context, recall was defined “as any intervention 
instigated on clinical or radiological grounds arising from a 
surveillance episode”. The interventions could include tar-
geted US, problem solving MRI, early review CEM, percu-
taneous image guided biopsy and excisional biopsy. Since 
contrast guided biopsy was not available in Australia at the 
time of this study, biopsy was directed by stereotactic MG 
or US where the lesion was identified with certainty, and 
by MR for contrast-only lesions. A clip was deployed after 
all biopsies and a mammogram (CC, and MLO views with 
additional clip profiles used for cases of multiple lesions to 
allow co-registration with original CEM), sometimes with 
contrast, was performed to confirm concordance. A True 
Positive (TP) recall was defined as a recall where the final 
histopathology was either DCIS or invasive cancer. A False 
Positive (FP) recall was any other case of recall.

Data was extracted from the Radiology Department Infor-
mation System, Hospital Medical Records and the Breast 
Service database. This included patient demographics, 
details of the index invasive cancer or DCIS, automated MD 
measurement (VOLPARA Health Technologies) and lesion 
classifications including lesion type and BI-RADS score. 
The degree of background parenchymal enhancement (BPE) 
on CEM was graded adapting the BI-RADS classification 
of BPE for MRI. All biopsies resulting from surveillance 
imaging were identified and histopathology and treatment 
was detailed.
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Reporting of the images was performed by at least one 
breast specialised radiologist. Most were very experienced 
(7–40 years) in reporting breast imaging. Many of the stud-
ies were double reported by consensus as a means of increas-
ing the experience of more of the breast radiologist group.

Since a single CEM was used as a replacement for 
2D/3DMG with selective whole breast US, the reduction of 
supplemental US screening was also assessed. Data on uti-
lization of supplemental breast US screening was collected 
for the year prior to implementation of CEM and compared 
with that for the following year.

Because the CEM was performed for the most part as a 
single acquisition, and interpreted as a single examination, 
the contribution of the 2D/3DMG and C + to the recall out-
comes were evaluated separately. Blinded re-reading of the 
2D/3DMG alone was performed by 4 experienced breast 
radiologists (with a range of 7–40 years’ experience) and the 
findings were subsequently classified as negative, minimal 
signs, or suspicious. “Minimal signs” were defined as cases 
where prospective reading of the 2D/3DMG was negative, 
but re-reading with the knowledge of the results of the con-
trast component enabled identification of the lesion of inter-
est in non-enhanced images. Findings classified as “nega-
tive” or “minimal signs” were analysed as “C + directed”, 
while those with “suspicious” findings on 2D/3DMG and 
C + were classified as “2D/3DMG & C + ”.

Outcomes were described in terms of recalls to assess-
ment and biopsy rates according to MD, the distribution 
of MD and BPE among surveilled women, results of cases 
recalled for further assessment according to the contribution 
of MG and CEM, and the profile of patients and cancers 
according to the contribution of CEM imaging. Data was 
tabulated in aggregate form with statistical tests applied 
using Stata 15.0 [26].

This project was approved as a Quality Assurance project 
by the Melbourne Health Research and Ethics Committee, 
QA2019129.

Results

1191 women with a personal history of DCIS or invasive 
breast cancer underwent an initial surveillance. The charac-
teristics of this patient group are outlined in Table 1. Most 
had previously been treated for invasive cancer and most 
underwent breast conserving surgery (BCS).

MD and BPE across the study group is summarised 
in Table 2. Background parenchyma tended to be more 
enhanced with increasing breast MD (Table 2), although 
correlation was modest (Spearman's rs = 0.28, p < 0.0001). 
Overall, while moderate or marked BPE was infrequent (7% 
of all patients), 78% of moderate or marked BPE arose in 
the 44% of women with Category C/D MD (OR 4.5 (95% CI 

2.6–7.8), p < 0.001), and the proportion women with mini-
mal or mild BPE decreased from 99% for MD category A to 
77% for MD category D.

Surveillance imaging led to findings warranting further 
investigation and/or biopsy in 73 patients (recall 6.1%). 35 
(48%) were true positives (TP), with 26 invasive cancers and 
9 cases of DCIS, while 38 (52%) were false positives (FP) 
giving a positive predictive value of recall (PPV) 47.9%. 
(Table 3), with no significant difference in recall rates 
according to MD (5.7% for BIRADS categories A/B versus 
6.6% for categories C/D, χ2 = 0.4, p = 0.52). Seven cases 
were managed without the need for biopsy—i.e., problem 
solving MRI in 5 cases and early follow-up CEM in 2 cases. 
All of these non-biopsy follow-up investigations were radio-
logically normal/benign, with a mean follow up period of 
14 months and median 12 months. The remaining 66 (90.4% 
of the 73 recalled women) underwent either percutaneous 
biopsy, guided by US in 25/66 (37.9%), stereotaxis in 24/66 
(36.4%) and, when the lesion could not be reliably identified 
by either US or MG, MRI (17/66; 25.8%). Table 3 Figs. 1, 
2, 3.   

Of the 73 recalled patients, 9 lesions were only seen on 
2D/3DMG with no contrast enhancement (Table 4). Eight 
of these were small clusters of calcification, 1 was an archi-
tectural distortion and all 9 were FP on final pathology. A 
total of 23 lesions were identified using both 2D/3D MG and 
C + ; of these, 19/23 (83%) were TP.

Forty-one of the 66 biopsied recalls (62%) were 
unlikely to have been identified had contrast not been used 
(C + directed). Of these cases, 14/41 (34%) were considered 
to have ‘minimal signs’, in that with knowledge of enhance-
ment, a lesion could be identified on 2DM/3DMG images 
alone, but was unlikely to have been identified without con-
trast assistance, while 27/41 were only identifiable with 
contrast (C + only) (Figs. 1, 2, 3). Of the 41 cases identified 
because of the use of contrast, 11 underwent US-, 7 stereo, 

Table 1   Description of all patients with PHBC receiving CEM during 
the study period

N 1,191

Age (mean (SD), median (range)) 59 .3 
(10.0), 59 
(28–92)

Time since surgery (months) (median, range) 36 (2–235)
Index pathology (N (%))
 DCIS 189 (16%)
 Invasive cancer 985 (83%)

Missing 17 (1%)
Index surgery (N (%))
 BCS 969 (81%)
 Mastectomy 222 (19%)
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17 had MRI-guided biopsy and 6 required no biopsy with 
follow up as previously described.

17/41 were TP (12 invasive cancer and 5 DCIS). 11/14 
“minimal signs” lesions were TP, as were 6/27 C + only 
lesions.

Assuming that ‘minimal signs’ cancers would not have 
been identified without contrast, the Cancer Detection Rate 
(CDR) was 15.1/1000 patients in the absence of Contrast and 
29.4/1000 when it was used. The overall PPV was 47.9%, 
and was 41.5% in those recalled due to Contrast findings.

On histopathology, 6 of the 21 FP (benign) C + -only 
lesions were fibroadenomata, 8 were benign including 
fibrocystic change, sclerosing adenosis, duct ectasia, and fat 
necrosis and 1 contained scar tissue. Problem-solving MRI 
in 3 revealed a further single lesion as a leash of enhancing 
vessels, a fibroadenoma, and an area of duct ectasia. 3/21 
lesions showed no enhancement on early follow up CEM 
or MRI.

Patients with malignant lesions found on CEM only were 
younger (t-test p = 0.049), with some indication of being less 
likely to have had DCIS and to have higher MD (Table 5). 
Additional cancer detection was not limited to those with 
high MD: 8 of 19 TPs in those with BIRADS B MD had 
“minimal signs” or were only found with contrast. The dis-
tribution, morphology and the size of the malignant lesions 
was similar between these two groups, as was the incidence 
of high-grade cancers and HER2 + ve or triple negative 
phenotype.

With the introduction of CEM, there was a steady 
decrease in supplemental whole breast US screening for 
surveillance. In the 12 months prior to the introduction 

of routine CEM in surveillance there were 2781 bilateral 
2D/3DMG and 891 bilateral whole breast US in the same 
patients (32%). From July 2020 until June 2021, 2919 MMG 
(2074 were CEM, 845 without contrast) and 400 bilateral 
US were performed (14%), a 57% reduction in bilateral US 
(p < 0.0001).

Discussion

This paper demonstrates that CEM as a single surveillance 
imaging test for those with a personal history of breast can-
cer or DCIS identified a significantly larger number of recur-
rences and new primary cancers than MG alone. Additional 
positive findings were found in all degrees of MD, and the 
pathology of these findings suggests they were clinically sig-
nificant. A steady decrease in supplemental whole breast US 
screening for surveillance was noted over the time CEM was 
introduced with significant benefit to radiological services.

Local recurrence and new ipsi- or contralateral events 
comprise a substantial proportion of all breast cancer events 
in patients with PHBC. The frequency of these events is 
similar to that of mutation carriers undergoing surveillance. 
A meta-analysis by Lu et. al. of over 2000 patients dem-
onstrated an improvement in survival when breast cancer 
recurrence was detected on radiological surveillance rather 
than symptoms [27]. Thus, surveillance imaging arguably 
should use a modality with the same sensitivity as that used 
for screening high risk groups.

Table 2   The distribution of 
BPE and breast density in the 
surveilled cohort

Background Parenchy-
mal Enhancement

MD BIRADS Total

A B C D

Minimal 51 (74%) 403 (68%) 208 (48%) 25 (27%) 687 (58%)
Mild 17 (25%) 174 (29%) 186 (43%) 46 (50%) 423 (36%)
Moderate 1 (1%) 15 (3%) 37 (8%) 15 (18%) 68 (6%)
Marked 0 (0%) 2 (0%) 6 (1%) 5 (6%) 13 (1%)
Total 68 (100%) 582 (100%) 429 (100%) 90 (100%) 1,191 (100%)

Table 3   Recall rates and biopsy 
rates among recalled cases, 
according to breast density

MD BIRADS Total cohort

A B C D

Recalled to assessment 1/69 (1.5%) 37/594 (6.2%) 31/437 (7.1%) 4/91 (4.4%) 73/1191 (6.1%)
Managed without biopsy 0 2 4 1 7
Biopsy performed 1/69 (1.5%) 35/594 (5.9%) 27/437 (6.2%) 3/91 (3.3%) 66/1191 (5.5%)
US-guided 1 17 7 0 25
Stereo guided 0 10 11 3 24
MRI-guided 0 8 9 0 17
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Fig. 1   A and B, 72  year-old patient, 2D 2019 surveillance images, 
MD BIRADS B. She had right wide local excision 2009 for a small 
Gd 3 invasive node-positive cancer. Thin arrow shows a small spicu-
lated density thought to be part of the scar, stable on tomography. F is 
the CC tomographic image of this density(thin arrow). C and D are 
C + images from the same surveillance study showing faint enhance-
ment (thin arrow) in the spiculated density, but a further 35 mm of 
spiculated enhancement anteriorly (thick arrow), not seen on 2D, 3D 
or targeted ultrasound. E is a sagittal contrast enhanced MR image 
(thin MIP) at the time of MR guided biopsy showing excellent cor-
relation of CEM & MR images. Right mastectomy showed invasive 
carcinoma NST, Grade 3 with 2 tumours 22 &14 mm, triple negative, 
Ki67 20%. SNB negative. This was classified as a minimal signs case 
on 2D/3D after re-reading

▸

Fig. 2   A and C, 53  year-old patient, 2D 2019 surveillance images, 
MD BIRADS C. She had right wide local excision 2015 for 20 mm 
Intermediate grade DCIS and excision of papilloma with atypia on 
the left in the upper outer quadrant at the same time. Thin arrow on 
left is site of scar, stable on tomography. No other abnormalities on 
2D,3D or ultrasound on the left and no calcifications. B and D are 
C + images from the same surveillance study showing extensive non-
mass enhancement (thick arrows) throughout the left upper outer 
quadrant and mild BPE bilaterally. Stereotactic biopsy targeted to the 
enhancing scar (thin arrow) in the left upper outer quadrant was per-
formed. Mastectomy showed 9 cm intermediate grade DCIS without 
invasion. SNB negative. This is an example of a contrast-only lesion
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CEM has been found to have a similar sensitivity profile 
to MRI and possibly higher specificity [19–21, 33]. When 
combined with 2D/3DMG, preferably in a single acquisi-
tion, it provides high quality supplemental screening in a 
single investigation. Due to the reported benefits of CEM, 
and limited capacity in our radiology department to support 
increasing routine surveillance US, we introduced CEM (in 
combo mode with 2D/3D) as a single standard surveillance 
test in late 2018. These results of a large series of cases of 
the first surveillance CEM support its use.

Cancers detected due to the inclusion of contrast are 
of particular interest, since early detection of these may 
improve outcomes. Alternatively, it is possible that addi-
tional disease would never have become clinically significant 
and using more sensitive imaging modalities will have the 
unintended consequence of increasing the rate of overdi-
agnosis. The pathology of the TP cases does not support 
this contention. The ratio of invasive cancer to DCIS was 
similar in those identified on 2D/3DMG and those that were 
C + directed (C + only or ‘minimal signs’). The proportion of 
invasive cancers that were grade 3 was numerically higher 
in the C + directed group, and the size of the cancers was 
similar in the two groups. A similar number of cancers were 
either HER2 positive or TNBC, and the only node positive 
case was in the C + directed group. Thus, while it is not pos-
sible to be certain, only a small proportion of C + directed 
cases identified had pathological features suggestive of pos-
sible overdiagnosis. These patterns need to be confirmed on 
a larger dataset.

MRI biopsy was required for over half the C + -only 
lesions. Breast services considering implementation of CEM 
need to take this into consideration. An important considera-
tion is the need to confirm concordance between detected 
and biopsied lesions. We used marking clips and clip-check 
MG, sometimes with contrast to provide this. CEM guided 

biopsy is available in a small number of centres in Europe 
and the United States at the time of this report and is similar 
in performance to stereotactic biopsy. This should improve 
access, acceptability and also the cost effectiveness of the 
technique. However, since current CEM biopsy is limited 
to a single lesion per sitting, MR biopsy remains the most 
expeditious method to reliably biopsy more than one lesion.

Cases with minimal signs on 2D/3DMG and correspond-
ing suspicious findings on contrast are considered likely to 

Fig. 3   A and B, 45  year-old patient, 2D 2019 surveillance images, 
MD BIRADS B. She had right wide local excision 2017 for 12 mm 
invasive carcinoma NST with negative SNB. There were no abnor-
malities on 2D/3D. C and D are the C + images from the same sur-
veillance study and show two small foci of enhancement (thin arrows) 
just superolateral to the nipple. Targeted ultrasound, E and F, showed 
two subtle hypoechoic lesions at 12.30 o’clock 2  cm(E, thin arrow) 
from nipple and 12.30 o’clock 5  cm(F thick arrow) from nipple, 
thought to correlate. US guided biopsies were performed and tissue 
markers were placed. G and H, post biopsy CEM shows that only one 
of the 2 lesions was correctly localised (thin arrow). It showed inva-
sive carcinoma. The other biopsy contained only normal breast tissue 
on histopathology(thick arrow). Left wide local excision contained 
two foci of invasive carcinoma grade1, 4  mm & 1  mm and 25  mm 
of high grade DCIS. Post biopsy CEM is an excellent method of 
confirming that the correct lesion has been sampled. Ultrasound can 
present several “likely” lesions especially when the contrast lesion is 
small. In these instances MR or CEM guided biopsy, if available is 
more reliable and expeditious

▸
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have been missed on MG alone, so the contrast plays an 
important role not only in detection, but also in directing 
attention to the “minimally” suspicious area and facilitating 
biopsy with conventional means.

Of the cases identified on 2D/3DMG alone (i.e. non-
enhancing lesions), all 9 were false positive, suggesting that 
biopsy may potentially be avoided for such lesions where 
contrast is used. Importantly, over 40% of those that were 
either C + -only, or ‘minimal signs’ on 2D/3DMG were 
malignant.

MD is important, both as a risk factor for developing 
cancer and due to its masking effect. The majority of the 
TP biopsies identified on 2D/3DMG had BIRADS A or B 
MD and conversely, around half where the 2D/3DMG was 
normal or showing minimal signs had BIRADS B MD, sug-
gesting the benefit of contrast is not confined to those with 
high MD. Some malignant lesions are associated with abnor-
mal enhancement without morphological abnormalities on 
non-dense MG.

BPE is an issue with MRI and also with CEM, as it can 
potentially obscure significant findings. While high BPE on 
CEM is associated with high MD, most cases with high MD 
had low BPE. In this series, while 44% had BIRADS C or 
D MD, only 7% had moderate or marked BPE. This is lower 
than the expected rate of BPE, and may be due to the impact 
of adjuvant radiotherapy and/or systemic therapies. This is 
a significant advantage for the use of CEM in surveillance.

False positive recall is a harm of surveillance, and mini-
mising the FP rate is important. Overall the addition of 
contrast did not significantly increase that proportion of 
FP results, despite increasing the absolute number of FPs 
compared to MG alone. The recall rate of 6.1% with CEM 
in this series was lower than a recall rate of 8.8% reported 
for surveillance MG in a large published series of women 
with PHBC [35]

Fibroadenomata and fat necrosis related to scars con-
tribute to the FP rate amongst the C + only lesions. It is 

difficult to dismiss enhancement in a scar or bright mass 
enhancement in the prevalent round of surveillance CEM 
without biopsy. It is expected that the rate of these recalls 
will decrease over subsequent rounds with an established 
baseline.

Strengths of this study include its large number of sur-
veilled women, with complete capture of consecutive cases. 
All patients were offered and most accepted. All findings on 
surveillance CEM were documented. This therefore is likely 
to represent the outcomes of a first surveillance round should 
CEM be adopted as a standard imaging modality.

Our data compares favourably with the literature, the 
Dutch DENSE trial investigating MR screening in the popu-
lation of those with extremely dense breasts demonstrated 
a recall rate of 9.5%, PPV of 17.4% and FP rate of 79.8% 
compared to this study’s recall of 6.1%, PPV of 47.9% and 
FP rate of 52% [16]. Prior reports of CEM in surveillance or 
in screening of high risk patients have also reported benefit 
from CEM, and that around 50% of TPs were only identified 
with Contrast. The CDR in prior reports was around 15/1000 
(Sung 2020, Gluskin 2019) [22, 23], which is lower than in 
this series. The recall rate in those series was similar to the 
current report, while the PPV was lower.

Limitations include limited cancer diagnoses, no data on 
the number of patients eligible for inclusion and the lack of 
subsequent round findings to capture interval cancers. This 
means it is not possible to determine the false negative rate, 
nor the sensitivity or specificity at this stage. The increased 
detection of TPs, and the identification of a number of 
lesions not evident on standard imaging suggest that the sub-
sequent cancer rate—both interval and at subsequent screen-
ing rounds—will be lower and this will be the subject of 
future analyses. This is a heterogeneous cohort, with patients 
offered surveillance CEM at various times after their index 
cancer was treated. There was a variable use of contrast 
imaging—either CEM or MRI—at the time of diagnosis. 
Contrast imaging at initial cancer diagnosis was limited prior 

Table 4   Results of cases recalled for further assessment, and the contribution of contrast

*On biopsy or follow-up imaging

Total Benign* Malignant Diagnosis rate (of all 
women Surveilled)

PPV

DCIS Invasive 
cancer

Total malig-
nant

Identified without C +  32 14 4 14 18 1.51% 56.3%
 2D/3D alone 9 9 0 0 0
 2D/3D + C +  23 5 4 14 18

Identification directed by C + (C + directed) 41 24 5 12 17 1.43% 41.5%
 Minimal signs 2D/3D and C +  14 3 2 9 11
 C + only 27 21 3 3 6

Total 73 38 9 26 35 2.94% 47.9%



228	 Breast Cancer Research and Treatment (2023) 199:221–230

1 3

to 2018, so it is possible that some lesions found on surveil-
lance CEM may have been present but occult at the time of 
diagnosis. This applies to both TP and FP cases.

Conclusions

CEM as a single surveillance imaging test for those with a 
personal history of breast cancer or DCIS identified a signifi-
cantly larger number of recurrences and new primary can-
cers than MG alone. Additional positive findings were found 

Table 5   Additional details of cases with malignant lesions (TP cases)

a 1 malignant phyllodes with no pathological grade
b 2 cases with metastatic disease and 1 with concurrent primary lung cancer at diagnosis

Component of CEM leading to diagnosis Total

2D/3D & C +  C + -only Test for difference

Number of cases 18 17 35
Age—median (range)
Mean

67
(46–77)
64.3

57
(35–76)
56.8

t-test p = 0.049 61
(35–77)
60.8

Time since Index Cancer (years) (median 
(range))

Average

3.1 (0.9—14.9)
4.9

3.1 (0.9—15.1)
4.9

t-test p = 0.923 3.1 (0.9—15.1)
4.9

Index Morphology
 DCIS
 Invasive cancer

8 (44%)
10 (66%)

5 (29%)
12 (71%)

Fisher’s exact p = 0.489 13 (37%)
22 (63%)

Mammographic density
 A
 B
 C
 D

1 (6%)
11 (61%)
6 (33%)
0 (0%)

0 (0%)
8 (47%)
8 (47%)
1 (6%)

Fisher’s exact p = 0.489 1 (3%)
19 (54%)
14 (40%)
1 (3%)

BPE (side of new disease)
 Minimal
 Mild
 Moderate
 Marked

1 (6%)
8 (44%)
9 (50%
0 (0%)

0 (0%)
6 (35%)
10 (59%)
1 (6%)

Fisher’s exact p = 0.790 1 (3%)
14 (40%)
19 (54%)
1 (3%)

 Side
 Ipsilateral
 Contralateral
Bilateral

11 (61%)
6 (33%)
1 (6%)

9 (53%)
8 (47%)
0 (0%)

Fisher’s exact p = 0.611 20 (57%)
14 (40%)
1 (3%)

Morphology—
DCIS
Invasive cancer

5 (28%)
13 (72%)

4 (24%)
13 (77%)

Fisher’s exact p = 1.000 9 (26%)
26 (74%)

Size (mm diameter) (median (range))
 DCIS
 Invasive cancer

9 (2—20)
27 (8—85)

35 (20—60)
18 (4—141)

t-test p = 0.015
t-test p = 0.604

20 (2—60)
20 (4—141)

Grade of Inv ca
 1
 2
 3
 Unknown

1 (7%)
7 (50%)
5 (36%)
1 (7%)

2 (17%)
3 (25%)
7 (58%)
0 (0%)

Fisher’s exact p = 0.390 2 (14%)
10 (45%)
12 (55%)
1 (5%)

Node Positive 0 1 1
Phenotype of Inv cancer
 • ER + /her2-
 • ER + /her2 + 
 • ER-/her2 + 
 • TNBC

10 (77%)
0 (0%)
0 (0%)
3 (23%)

9 (75%)
0 (0%)
1 (8%)
2 (17%)

Fisher’s exact p = 1.000 19 (76%)
0 (0%)
1 (4%)
5 (25%)

Surgical treatment
 BCS
 TM
 None

9 (56%)
7 (44%)
2 (11%)

8 (47%)
8 (47%)
1 (6%)

Fisher’s exact p = 1.000 17 (49%)
15 (43%)
3b (9%)
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in all degrees of MD, and the pathology of these findings 
suggests they were generally clinically significant. Further 
study will assess the impact on subsequent diagnosis and 
interval cancer rates.

Author contributions  All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were 
performed by all the authors. The first draft of the manuscript was writ-
ten by Kenneth Elder and all authors commented on previous versions 
of the manuscript. All authors read and approved the final manuscript.

Funding  Author GBM has received research support from Hologic. 
Author AKR has served once on an advisory board for Hologic. All 
other authors declare that no funds, grants, or other support were 
received during the preparation of this manuscript.

Data availability  The datasets generated during and/or analysed dur-
ing the current study are not publicly available due to potential patient 
identifiable data but are available from the corresponding author on 
reasonable request.

Declarations 

Competing interests  The authors have no relevant financial or non-
financial interests to disclose.

Ethical approval  This project was approved as a Quality Assurance 
project by the Melbourne Health Research and Ethics Committee, 
QA2019129.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Houssami N, Abraham LA, Miglioretti DL, Sickles EA, Ker-
likowske K, Buist DSM et al (2011) Accuracy and outcomes of 
screening mammography in women with a personal history of 
early-stage breast cancer. JAMA 305:790–799. https://​doi.​org/​10.​
1001/​jama.​2011.​188

	 2.	 Lam DL, Houssami N, Lee JM (2017) Imaging surveillance after 
primary breast cancer treatment. Am J Roentgenol 208:676–686. 
https://​doi.​org/​10.​2214/​ajr.​16.​16300

	 3.	 Consortium F the BCS, Buist DSM, Abraham LA, Barlow WE, 
Krishnaraj A, Holdridge RC, et al. Diagnosis of second breast 
cancer events after initial diagnosis of early stage breast cancer. 
Breast Cancer Res Tr 2010; 124:863–873..

	 4.	 Bernardi D, Macaskill P, Pellegrini M, Valentini M, Fantò C, 
Ostillio L et al (2016) Breast cancer screening with tomosynthesis 
(3D mammography) with acquired or synthetic 2D mammography 

compared with 2D mammography alone (STORM-2): a popula-
tion-based prospective study. Lancet Oncol 17:1105–1113. https://​
doi.​org/​10.​1016/​s1470-​2045(16)​30101-2

	 5.	 Ciatto S, Houssami N, Bernardi D, Caumo F, Pellegrini M, 
Brunelli S et al (2013) Integration of 3D digital mammogra-
phy with tomosynthesis for population breast-cancer screening 
(STORM): a prospective comparison study. Lancet Oncol 14:583–
589. https://​doi.​org/​10.​1016/​s1470-​2045(13)​70134-7

	 6.	 Pattacini P, Nitrosi A, Rossi PG, Iotti V, Ginocchi V, Ravaioli S 
et al (2018) Digital mammography versus digital mammography 
plus tomosynthesis for breast cancer screening: the reggio emilia 
tomosynthesis randomized trial. Radiology. https://​doi.​org/​10.​
1148/​radiol.​20181​72119

	 7.	 Berg WA, Blume JD, Cormack JB, Mendelson EB, Lehrer D, 
Böhm-Vélez M et al (2008) Combined screening with ultra-
sound and mammography vs mammography alone in women at 
elevated risk of breast cancer. JAMA 299:2151–2163. https://​
doi.​org/​10.​1001/​jama.​299.​18.​2151

	 8.	 Yuan W-H, Hsu H-C, Chen Y-Y, Wu C-H (2020) Supplemental 
breast cancer-screening ultrasonography in women with dense 
breasts: a systematic review and meta-analysis. Brit J Cancer 
123:673–688. https://​doi.​org/​10.​1038/​s41416-​020-​0928-1

	 9.	 Harada-Shoji N, Suzuki A, Ishida T, Zheng Y-F, Narikawa-
Shiono Y, Sato-Tadano A, et al. Evaluation of Adjunctive Ultra-
sonography for Breast Cancer Detection Among Women Aged 
40–49 Years With Varying Breast Density Undergoing Screen-
ing Mammography. Jama Netw Open 2021;4:e2121505. https://​
doi.​org/​10.​1001/​jaman​etwor​kopen.​2021.​21505.

	10.	 Ohuchi N, Suzuki A, Sobue T, Kawai M, Yamamoto S, Zheng 
Y-F et al (2016) Sensitivity and specificity of mammography 
and adjunctive ultrasonography to screen for breast cancer in 
the Japan Strategic Anti-cancer Randomized Trial (J-START): 
a randomised controlled trial. Lancet 387:341–348. https://​doi.​
org/​10.​1016/​s0140-​6736(15)​00774-6

	11.	 Kim S-Y, Cho N, Kim SY, Choi Y, Kim ES, Ha SM, et al. Sup-
plemental Breast US Screening in Women with a Personal His-
tory of Breast Cancer: A Matched Cohort Study. Radiology 
2020;295:191691. https://​doi.​org/​10.​1148/​radiol.​20201​91691.

	12.	 Berg WA, Zhang Z, Lehrer D, Jong RA, Pisano ED, Barr RG 
et  al (2012) Detection of Breast Cancer With Addition of 
Annual Screening Ultrasound or a Single Screening MRI to 
Mammography in Women With Elevated Breast Cancer Risk. 
JAMA 307:1394–1404. https://​doi.​org/​10.​1001/​jama.​2012.​388

	13.	 Berg WA, Bandos AI, Mendelson EB, Lehrer D, Jong RA, Pis-
ano ED. Ultrasound as the Primary Screening Test for Breast 
Cancer: Analysis From ACRIN 6666. Jnci J National Cancer 
Inst 2016;108:djv367. https://​doi.​org/​10.​1093/​jnci/​djv367.

	14.	 Bromley L, Xu J, Loh S-W, Chew G, Lau E, Yeo B (2020) 
Breast ultrasound in breast cancer surveillance; incremental 
cancers found at what cost? Breast Official J European Soc 
Mastology 54:272–277. https://​doi.​org/​10.​1016/j.​breast.​2020.​
11.​007

	15.	 Kim GR, Cho N, Kim S-Y, Han W, Moon WK (2021) Interval 
Cancers after Negative Supplemental Screening Breast MRI 
Results in Women with a Personal History of Breast Cancer. Radi-
ology 300:314–323. https://​doi.​org/​10.​1148/​radiol.​20212​03074

	16.	 Bakker MF, de Lange SV, Pijnappel RM, Mann RM, Peeters 
PHM, Monninkhof EM et al (2019) Supplemental MRI Screen-
ing for Women with Extremely Dense Breast Tissue. New Engl 
J Med 381:2091–2102. https://​doi.​org/​10.​1056/​nejmo​a1903​986

	17.	 Houben IPL, Voorde PV de, Jeukens CRLPN, Wildberger JE, 
Kooreman LF, Smidt ML, et al. Contrast-enhanced spectral mam-
mography as work-up tool in patients recalled from breast cancer 
screening has low risks and might hold clinical benefits. Eur J 
Radiol 2017;94:31–7. https://​doi.​org/​10.​1016/j.​ejrad.​2017.​07.​004.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1001/jama.2011.188
https://doi.org/10.1001/jama.2011.188
https://doi.org/10.2214/ajr.16.16300
https://doi.org/10.1016/s1470-2045(16)30101-2
https://doi.org/10.1016/s1470-2045(16)30101-2
https://doi.org/10.1016/s1470-2045(13)70134-7
https://doi.org/10.1148/radiol.2018172119
https://doi.org/10.1148/radiol.2018172119
https://doi.org/10.1001/jama.299.18.2151
https://doi.org/10.1001/jama.299.18.2151
https://doi.org/10.1038/s41416-020-0928-1
https://doi.org/10.1001/jamanetworkopen.2021.21505
https://doi.org/10.1001/jamanetworkopen.2021.21505
https://doi.org/10.1016/s0140-6736(15)00774-6
https://doi.org/10.1016/s0140-6736(15)00774-6
https://doi.org/10.1148/radiol.2020191691
https://doi.org/10.1001/jama.2012.388
https://doi.org/10.1093/jnci/djv367
https://doi.org/10.1016/j.breast.2020.11.007
https://doi.org/10.1016/j.breast.2020.11.007
https://doi.org/10.1148/radiol.2021203074
https://doi.org/10.1056/nejmoa1903986
https://doi.org/10.1016/j.ejrad.2017.07.004


230	 Breast Cancer Research and Treatment (2023) 199:221–230

1 3

	18.	 James JJ, Tennant SL (2018) Contrast-enhanced spectral mam-
mography (CESM). Clin Radiol 73:715–723. https://​doi.​org/​10.​
1016/j.​crad.​2018.​05.​005

	19.	 Fallenberg EM, Schmitzberger FF, Amer H, Ingold-Heppner B, 
Balleyguier C, Diekmann F, et al. Contrast-enhanced spectral 
mammography vs. mammography and MRI—clinical perfor-
mance in a multi-reader evaluation. Eur Radiol 2017;27:2752–64. 
https://​doi.​org/​10.​1007/​s00330-​016-​4650-6.

	20.	 Kim EY, Youn I, Lee KH, Yun J-S, Park YL, Park CH et al (2018) 
Diagnostic value of contrast-enhanced digital mammography ver-
sus contrast-enhanced magnetic resonance imaging for the preop-
erative evaluation of breast cancer. J Breast Cancer 21:453–462. 
https://​doi.​org/​10.​4048/​jbc.​2018.​21.​e62

	21.	 Xing D, Lv Y, Sun B, Xie H, Dong J, Hao C et al (2019) Diagnos-
tic value of contrast-enhanced spectral mammography in compari-
son to magnetic resonance imaging in breast lesions. J Comput 
Assist Tomo 43:245–251. https://​doi.​org/​10.​1097/​rct.​00000​00000​
000832

	22.	 Gluskin J, Saccarelli CR, Avendano D, Marino MA, Bitencourt 
AGV, Pilewskie M et al (2020) Contrast-enhanced mammogra-
phy for screening women after breast conserving surgery. Cancers 
12:3495. https://​doi.​org/​10.​3390/​cance​rs121​23495

	23.	 Sung JS, Lebron L, Keating D, D’Alessio D, Comstock CE, Lee 
CH, Pike MC, Ayhan M, Moskowitz CS, Morris EA, Jochelson 
MS (2019) Performance of dual-energy contrast-enhanced digital 
mammography for screening women at increased risk of breast 
cancer. Radiology 293(1):81–88. https://​doi.​org/​10.​1148/​radiol.​
20191​82660

	24.	 Sorin V, Yagil Y, Yosepovich A, Shalmon A, Gotlieb M, Neiman 
OH, Sklair-Levy M (2018) Contrast-enhanced spectral mammog-
raphy in women with intermediate breast cancer risk and dense 
breasts. AJR Am J Roentgenol 211(5):W267–W274. https://​doi.​
org/​10.​2214/​AJR.​17.​19355

	25.	 Helal MH, Mansour SM, Ahmed HA, Abdel Ghany AF, Kamel 
OF, Elkholy NG (2019) The role of contrast-enhanced spectral 
mammography in the evaluation of the postoperative breast can-
cer. Clin Radiol 74(10):771–781. https://​doi.​org/​10.​1016/j.​crad.​
2019.​06.​002

	26.	 Stata Statistical Software (2017) Release 15. StataCorp LLC, Col-
lege Station, TX

	27.	 Lu WL, Jansen L, Post WJ, Bonnema J, de Velde JCV, Bock 
GHD (2008) Impact on survival of early detection of isolated 
breast recurrences after the primary treatment for breast cancer: 

a meta-analysis. Breast Cancer Res Tr 114:403. https://​doi.​org/​10.​
1007/​s10549-​008-​0023-4

	28.	 Lynge E, Vejborg I, Andersen Z, von Euler-Chelpin M, Napolitano 
G (2019) Mammographic density and screening sensitivity, breast 
cancer incidence and associated risk factors in Danish breast can-
cer screening. J Clin Medicine 8:2021. https://​doi.​org/​10.​3390/​
jcm81​12021

	29.	 Cil T, Fishell E, Hanna W, Sun P, Rawlinson E, Narod SA et al 
(2009) Mammographic density and the risk of breast cancer recur-
rence after breast-conserving surgery. Cancer 115:5780–5787. 
https://​doi.​org/​10.​1002/​cncr.​24638

	30.	 Lee JM, Arao RF, Sprague BL, Kerlikowske K, Lehman CD, 
Smith RA et al (2019) Performance of screening ultrasonography 
as an adjunct to screening mammography in women across the 
spectrum of breast cancer risk. Jama Intern Med 179:658–667. 
https://​doi.​org/​10.​1001/​jamai​ntern​med.​2018.​8372

	31.	 Morrow M, Waters J, Morris E (2011) MRI for breast cancer 
screening, diagnosis, and treatment. Lancet 378:1804–1811. 
https://​doi.​org/​10.​1016/​s0140-​6736(11)​61350-0

	32.	 Kuhl CK, Strobel K, Bieling H, Leutner C, Schild HH, Schrading 
S (2017) Supplemental breast MR imaging screening of women 
with average risk of breast cancer. Radiology. https://​doi.​org/​10.​
1148/​radiol.​20161​61444

	33.	 Xiang W, Rao H, Zhou L (2020) A meta-analysis of contrast-
enhanced spectral mammography versus MRI in the diagnosis of 
breast cancer. Thorac Cancer 11:1423–1432. https://​doi.​org/​10.​
1111/​1759-​7714.​13400

	34.	 Kuhl CK, Schrading S, Bieling HB, Wardelmann E, Leutner CC, 
Koenig R et al (2007) MRI for diagnosis of pure ductal carcinoma 
in situ: a prospective observational study. Lancet 370:485–492. 
https://​doi.​org/​10.​1016/​s0140-​6736(07)​61232-x

	35.	 Lee JM, Ichikawa LE, Wernli KJ, Bowles E, Specht JM, Ker-
likowske K et al (2021) Digital mammography and breast tomos-
ynthesis performance in women with a personal history of breast 
cancer, 2007–2016. Radiology 300:290–300. https://​doi.​org/​10.​
1148/​radiol.​20212​04581

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.crad.2018.05.005
https://doi.org/10.1016/j.crad.2018.05.005
https://doi.org/10.1007/s00330-016-4650-6
https://doi.org/10.4048/jbc.2018.21.e62
https://doi.org/10.1097/rct.0000000000000832
https://doi.org/10.1097/rct.0000000000000832
https://doi.org/10.3390/cancers12123495
https://doi.org/10.1148/radiol.2019182660
https://doi.org/10.1148/radiol.2019182660
https://doi.org/10.2214/AJR.17.19355
https://doi.org/10.2214/AJR.17.19355
https://doi.org/10.1016/j.crad.2019.06.002
https://doi.org/10.1016/j.crad.2019.06.002
https://doi.org/10.1007/s10549-008-0023-4
https://doi.org/10.1007/s10549-008-0023-4
https://doi.org/10.3390/jcm8112021
https://doi.org/10.3390/jcm8112021
https://doi.org/10.1002/cncr.24638
https://doi.org/10.1001/jamainternmed.2018.8372
https://doi.org/10.1016/s0140-6736(11)61350-0
https://doi.org/10.1148/radiol.2016161444
https://doi.org/10.1148/radiol.2016161444
https://doi.org/10.1111/1759-7714.13400
https://doi.org/10.1111/1759-7714.13400
https://doi.org/10.1016/s0140-6736(07)61232-x
https://doi.org/10.1148/radiol.2021204581
https://doi.org/10.1148/radiol.2021204581

	Contrast enhanced mammography in breast cancer surveillance
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Results
	Discussion
	Conclusions
	References




