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Abstract

Purpose: The aim of the study was to evaluate spectral mammography (CESM) in diagnosing breast cancer, which is
based on sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV).

Material and methods: The study included a group of 547 women who underwent spectral mammography and
histopathological verification of the lesion, previously seen in mammography and/or ultrasound. In the group of
547 women, 593 focal lesions were diagnosed. All CESM examinations were carried-out with a digital mammography
device dedicated to performing dual-energy CESM acquisitions. An intravenous injection of 1.5 ml/kg of body mass
of non-ionic contrast agent was performed.

Results: The analysis includes 593 breast lesions, in this group cancer was detected in 327 (55.14%) lesions, and
in 256 (43.17%) cases benign lesions were confirmed by histopathological examination and at least 12 months of
observation. The method shows differentiation of benign and malignant lesions in the breast: sensitivity of 97.86%,
specificity of 59.4%, PPV - 74.76%, NPV - 95.76%.

Conclusions: Spectral mammography could be an ideal method to detect breast cancer. Thanks to the high NPV
(95.76%), it facilitates the exclusion of cancer in situations where pathological contrast enhancement is not observed.
The unsatisfactory specificity of the study (59.4%) would not make it safe to avoid a core needle biopsy of lesions
that undergo contrast enhancement.
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among women in ages 50-69 years, whereas below the age
of 40 years it is not a frequent disease. However, recent
Breast cancer is the most frequently diagnosed malignan-  observations indicate an increasing number of diagnosed
cy, with a frequency of 22.8% of all new cancer incident  cases of breast cancer being reported in pre-menopausal
rates in Poland [1]. The most frequent occurrence is found =~ women [2]. According to the National Cancer Registry
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(Krajowy Rejestr Nowotworéw) the incident rate in adult
women of pre-menopausal age (20-49 years) has indeed
shown an increasing trend, and the incidence rate has al-
most doubled in the last three decades [1].

The basic method of breast cancer detection is X-ray
mammography, which is widely available, cheap, and re-
peatable; however, it has two important limitations. First-
ly, the ionising radiation and secondly cancer imaging in
thick glandular breasts, which can lead to a decrease in
sensitivity [3]. Magnetic resonance imaging (MRI) mam-
mography, extended with diffusion imaging (DWI/ADC)
is a test with a high level of sensitivity and specificity (over
85%) [4-6]; however, its limitations are worth noting: it
requires an intravenous contrast agent, an uncomfortable
position to perform the procedure (prone position), and
an acquisition time of 20-30 minutes. Additionally, in
breast MRI microcalcifications are not visible.

Other approaches, such as optical methods, with to-
mography laser mammography among them, is associated
with a relatively high number of undiagnosed cancers and
an even higher number of false positive results, thus offer-
ing no advantage over existing methods [7]. Considering
tomosynthesis, the main benefit is a higher cancer detec-
tion rate. Unfortunately, this method has its disadvantag-
es, such as high radiation dose and limited capability in
detecting microcalcifications [8].

Contrast-enhanced spectral mammography (CESM)
is a new technique intensively developed in the last few
years and accepted by the FDA for clinical use in the U.S.
in 2011. This method, like MRI, is based on imaging of tu-
mour neoangiogenesis by use of contrast agent (chelated
iodine-based X-ray contrast agent) [9,10]. The aim of the
study was to evaluate CESM in diagnosing breast cancer,
based on sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV).

Material and methods

The retrospective study on 547 patients aged 21 to 89 years
(median age 56, interquartile range 46-65 years) was con-
ducted from July 2014 to July 2019. Every patient had
ultrasonography (US) and/or conventional mammography
(MMG) followed by spectral mammography. Detected le-
sions were classified using the Breast Imaging-Reporting
and Data System (BIRADS). The BIRADS score was cre-
ated by the American College of Radiology (ACR) in order
to standardise radiological descriptions of mammography,
US, and MRI studies. According to this score, 0 stands
for lesion of unknown character, which needs additional
imagining evaluation, 1 is regular breast tissue, 2 repre-
sents benign lesions, 3 - lesions most probably benign,
4 - lesions suspicious of malignancy, 5 - lesion highly
suggestive of malignancy, and 6 - known biopsy-proven
malignancy. Every lesion that scored BIRADS 0 and 4-6
in USG or MMG studies was verified with core needle
biopsy. In the group of patients staged BIRADS 4-6 in
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whom additional lesions were detected and initially classi-
fied as BIRADS 2 or 3, those lesions were also verified with
core needle biopsy.

Fresh specimens received by core biopsy were sent
to the Pathology Department and underwent formalin
fixation followed by paraffin embedding. Tumours were
diagnosed histologically according to the World Health
Organisation classification.

Every woman in this group have conventional mam-
mography done. Additionally, spectral mammography
and core needle biopsy were performed among patients
who came to our centre with a mammography descrip-
tion from elsewhere stating BIRADS 2 or 3 and the sur-
geon who performed physical examination had doubts.

Only patients who gave informed consent for further
examinations were qualified to spectral mammography
studies. Before qualifying to CESM, all patients completed
a questionnaire, based on which patients with the possi-
bility of pregnancy were eliminated from the study. Cre-
atinine and GFR (glomerular filtration rate) levels were
assessed in each patient.

Exclusion criteria were an eGFR less than 30 ml/min
and an allergic reaction to iodinated or gadolinium-based
contrast agents. Patients with BCRA1-BCRA2 mutation
were also excluded from studies; this group should be ex-
amined via MRI because of lack of radiation.

The study was conducted according to the principles
of the Declaration of Helsinki, all participants provided
informed written consent, and the study received approval
from the Ethical Committee of the Medical University of
Silesia in Katowice, Poland.

All CESM examinations were carried-out with a digi-
tal mammography device dedicated to the performance of
dual-energy CESM acquisitions (SenoBright, GE Health-
care). An intravenous injection of 1.5 ml/kg of body mass
of non-ionic contrast agent was performed using a power
injector at a rate of 3 ml/s with a bolus chaser of 30 ml
of saline. In CESM mode, the device automatically per-
formed a pair of exposures (low- and high-energy) in each
view. Specific image processing of low-energy and high-
energy exposures was done to obtain subtraction images
to highlight contrast enhancement and suppress structure
noise due to fibroglandular breast tissue [11]. The total
study time was usually about 10 minutes. Patients after the
examination were observed for the appearance of adverse
reactions.

Statistical analysis

The statistical analysis included the comparison of base-
line clinical characteristics, the results of the spectral
mammography analysis, and the histopathological re-
sults of each lesion. The analysed variables are expressed
as numbers and percentages. The normality of the distri-
bution was assessed using the Shapiro-Wilk test and the
continuous variables were summarised using an arithme-
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tic mean with standard deviation for data following nor-
mal distribution or a median with a quartile 1 and 3 for
data demonstrating non-normal distribution. Categorical
variables were presented using frequency tables for both
absolute numbers and percentages. As in no continuous
variable, the distribution was normal, the Mann-Whitney
U test was used for the comparisons between the inde-
pendent values. The differences between the qualitative
parameters were assessed utilising the y? test with Yates’s
correction, and Fisher’s test if the analysed populations
were insufficiently represented. Sensitivity, specificity,
PPV, and NPV of the CESM method were calculated ac-
cording to the following formulas:

o sensitivity = [TP/(TP + FN)] x 100%,

o specificity = [TN/(TN + FP)] x 100%,

« PPV =[TP/(TP + FP)] x 100%,

« NPV = [TN/(TN + EN)] x 100%.

A two-sided p-value < 0.05 was considered significant.
For sensitivity and specificity analysis, the area under the
curve (AUC) for binary variables of tumour enhancement
in CESM and tumour malignancy in histopathology was
performed. STATISTICA 10 (StatSoft Inc., Tulsa, Okla-
homa) software was used for all calculations.

Results

The analysis includes 593 breast lesions diagnosed in
547 women. In the studied group cancer was detected in
327 (55.14%) lesions, and in 256 (43.17%) cases benign
lesions were confirmed by histopathological examina-
tion and at least 12 months of observation. In 10 lesions
(1.69%) lobular carcinoma in situ (LCIS) was diagnosed,
which in histopathological examination was deemed to
be a benign lesion, but for the purpose of this study LCIS
was classified as indirect malignancy. The most common
malignant lesion was NST (non-specific type) cancer
(68.5%). In the group of benign lesions, the most common
diagnosis was fibrotic sclerosis (57.42%). The frequency of
particular lesions is presented in Table 1.

In the CESM study, the changes took the following
variants: 13 (2.19%) microcalcifications, 107 (18.03%) tu-
mours, 221 (37.27%) microcalcifications and asymmetry,
159 (26.81%) microcalcifications and tumour, and 91
(15.35%) asymmetry and tumour. As much as 97.9% of
malignant lesions were enhanced by contrast - among
benign and intermediate lesions only 40% of each. From
all of the lesions enhanced by contrast 74.77% were malig-
nant, 24.30% were benign, and 0.93% were of intermedi-
ate malignancy. In most cases of lesions without contrast
enhancement the character was benign (92.12%), only
4.24% of non-enhanced lesions were malignant. The y?test
showed a statistically significant difference between con-
trast enhancement and histopathological result (Table 2).
The size of the changes ranged from 1 mm to 150 mm (me-
dian: 19 mm, interquartile range 12-30). Contrast enhance-
ment depends also on the size of the lesion. The median
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Table 1. Pathology summary for included malignant, benign, and possibly

benign lesions

Lesion types

NST 224(37.77)
DaIs 55(9.27)
Infiltrating lobular carcinoma 37(6.23)
Metaplastic carcinoma 4(0.67)
Invasive mucinous carcinoma 5(0.84)
Invasive medullar carcinoma 2(0.34)
Fibroadenoma 81(13.66)
Fibrotic sclerosis 147 (24.8)
Papilloma 16 (2.70)
LIS 10(1.70)
Other 12 (2.02)

NST — non-specific type cancer, DCIS — pre-invasive ductal carcinoma, LCIS — lobular carcinoma
in situ, Other — atheroma, microglandular lobular hyperplasia, focal apocrine metaplasia, usual
ductal hyperplasia, cyst, phyllodes tumour

Table 2. Presentation of all enhanced (CESM [+]) or non-enhanced (CESM [-])
lesions depending on the lesion malignancy

Lesion CESM (+), CESM (-),
characteristics n (%) n (%)

Malignant 320/428 (74.77) 7/165(4.24) | <0.0001
Benign 104/428 (24.30) | 152/165(92.12)

Possibly benign 4/428 (0.93) 6/165 (3.64)

CESM — contrast-enhanced spectral mammography

size for enhanced lesions was 20.0 mm (12.0-30.0), and
for those without enhancement it was 13.0 mm (8.0-23.0)
(Mann-Whitney’s U test, p < 0.0001).

Table 3 shows the correlation between contrast enhan-
cement and BIRADS score with divisions according to his-
topathological results.

Table 4 presents how particular lesion enhanced con-
forming to histopathological result.

Sensitivity, specificity, positive predictive value,
negative predictive value, and ROC

In 428 (72.2%) lesions changes of increased vascularisa-
tion were detected (CESM [+]), while in the remaining 165
(27.8%) lesions the CESM result was negative (CESM [-]).
The CESM (+) result was truly positive in 320 (53.96%)
cases (Figure 1) and false positive in 158 (26.64%) cases.
The CESM (-) result was truly negative (HP-) in 108
(18.21%) cases (10 LCIS low-grade lesions were specified
in the histopathology for sensitivity, specificity, PPV, and
NPV and were classified as benign) and false negative in
7 (1.18%) cases (5 DCIS and 2 NST). Taking the CESM
(+) result as the criterion of malignancy, the method
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Table 3. Correlation between BIRADS classification and contrast enhancement. Presentation of histopathology results depending on BIRADS

BIRADS\
Enhancement (n 2) (n= 13) (n—107) (n= 221) (n= 159) (n= 91)

CESM (+) (n=428) 50% (1 46.1% (6/13) | 51.4% (55/107) | 54.7%(121/221) | 98.1%(156/159) | 97.8% (89/91) | <0.001
CESM (=) (n=165) 50% ( 2 ) 53.9% (7/13) | 48.6% (52/107) | 45.3%(100/221) | 1.9% (3/159) 2.2%(2/91)
Histopathology type 2(n=13) 3(n=107) 4(n=221) 5(n=159) 6(n=91)
Fibrotic sclerosis 0(0/2) 30.8% (4/13) | 45.8% (49/107) | 41.2%(91/221) | 1.4% (2/159) 2.19% (2/91)
Fibroadenoma 0(0/2) 46.1% (6/13) | 38.3% (41/107) | 15.4% (34/221) 0(0/159) 0(0/971)
NST 0(0/2) 7.7% (1/13) 2.8%(3/107) | 14.9% (33/221) | 76.7%(122/159) | 72.52% (66/91)
DaIS 100% (2/2) 0(0/13) 1.8% (2/107) | 10.9% (24/221) | 6.3%(10/159) | 17.58% (16/91)
Papilloma (0/2) 0(0/13) 47%(5/107) | 4.5%(10/221) | 0.6% (1/159) 0(0/971)

ILC 0(0/2) 7.7% (1/13) 0.9% (1/107) 4.1%(9/221) | 13.8%(22/159) | 4.39% (4/91)
LS 0(0/2) 0(0/13) 0.9% (1/107) 3.2%(7/221) 0(0/159) 0(0/971)
Other 0(0/2) 7.7% (1/13) 3.7% (4/107) 3.6% (8/221) 1.4% (2/159) 3.29% (3/91)

NST — non-specific type cancer, DCIS — pre-invasive ductal carcinoma, ILC - infiltrating lobular carcinoma, LCIS — lobular carcinoma in situ, Other — focal apocrine metaplasia, invasive mucinous

carcinoma, atheroma, usual ductal hyperplasia, metaplastic carcinoma, microglandular hyperplasia, invasive medullar carcinoma, cyst, phyllodes tumour

Table 4. Enhancement of individual lesions depending on the histopatho-
logical results

Lesion Quantity CESM (+) CESM (<)
(% of total)

NST — non-specific type cancer, DCIS — pre-invasive ductal carcinoma, ILC — infiltrating lobular
carcinoma, LCIS — lobular carcinoma in situ, Other — focal apocrine metaplasia, invasive muci-
nous carcinoma, atheroma, usual ductal hyperplasia, metaplastic carcinoma, microglandular
hyperplasia, invasive medullar carcinoma, cyst, phyllodes tumour

shows differentiation of benign and malignant lesions in
the breast: sensitivity of 97.86%, specificity of 59.4%; PPV
74.76%; NPV 95.76% (Figure 2). The area under the curve
(AUC) for the binary variables (CESM enhancement and
malignancy in histopathology) was 0.654 (Figure 3).

In this study, we also decided to check the effective-
ness of CESM in preinvasive cancers. For DCIS the CESM
(+) result was truly positive in 50 (90.91%) cases and false
negative in 5 (9.09%).

Discussion

Our study presents the largest population of women diag-
nosed via CESM in Poland and one of the largest popula-
tions of women who had this imagining done in the world.
In the group of 593 lesions included in the analysis, there
were 327 (55.14%) cancers, 256 (43.17%) benign lesions,
and 10 (1.69%) lesions determined by pathologists on the
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basis of core needle biopsy and subsequent neoplastic tu-
mourectomy as probably mild. A positive CESM result
was obtained more frequently in cases of breast cancer
(97.86%) than benign lesions (40.63%). The significantly

Fibrotic sclerosis | 24.8% (147/593) | 15.7% (23/147) | 84.3% (124/147) more frequent CESM (+) result in the group of cancers
Fibroadenoma | 13.7% (81/593) | 77.8% (63/81) | 22.2%(18/81) |  than found in mild lesions, can be explained by the pres-
NST 37.8% (224/593) |99.1% (222/224) | 0.9% (2/224) ence of. a dense pathological bed in m.ahgnar%t tur.n01.1rs.

. % (50/55 0.1% (5/55 Assuming the CESM (+) result as a diagnostic criterion
bels 9.3% (55/593) | 90.9% (50/55) 1% (5/55) for malignant lesions in its own material, the sensitivity
Papilloma 2.7%(16/593) | 93.8%(15/16) | 6.2% (1/16) of this method was determined at 97.86% and specificity
ILC 6.2% (37/593) | 100.0% (37/37) 0% (0/37) at 59.4%. Similar results were obtained by Luczynska, who
LCIS 1.3% (8/593) 25% (2/8) 75% (6/9) presented the sensitivity of CESM at 100% [12], as well as
Other 4.2%(25/593) | 64.0%(16/25) | 36.0%(9/25) | olienber [13] and Loobes [14].

In our material, 259 of 261 invasive carcinomas
showed pathological contrast enhancement, as well as
50 of 55 DCIS (pre-invasive ductal carcinomas). Cancers
without pathological enhancement were dominated by
necrosis, which could affect the results. Enhancement in
the case of DCIS can be explained by the increased den-
sity of vessels in the stroma between the infiltrated ducts,
because DCIS has no ability to induce angiogenesis, un-
like invasive cancers [15]. Only five cancers (DCIS low
grade) showed no pathological vascularisation. These
lesions represented microcalcifications, without evident
tumour mass. Problems with the differential diagnosis of
microcalcifications in breast cancers were described by
Houben [16].

The sensitivity of the CESM examination is compa-
rable to magnetic resonance, which means that these are
the most sensitive methods used in breast diseases. Unfor-
tunately, the specificity of CESM is clearly lower than the
sensitivity. In our material the specificity of the method
was obtained at the level of 59.4%. More than 1/3 of be-
nign lesions showed abnormal contrast enhancement.

The achieved specificity of 59.4% is comparable to the
results of Luczynska [12], where as many as 60% of benign
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| Eligible lesions, n =593 (in 547 patients) |

(ESMin the diagnosis of breast cancer

Figure 1. True positive result (TP). Left MLO
(mediolateral view) and (C (craniocaudal) con-
trast-enhanced spectral mammography reveals
avid enhancement of the mass (arrow) with
non-mass enhancement extending posteriorly
(arrowhead) in lower internal quadrant of the
breast. Left MLO (mediolateral view) and CC
(craniocaudal) low-energy image shows an
irregular mass with indistinct margin in lower
internal quadrant of the breast BIRADS 4C

1
| Index test (CESM), n =593 |
v l v
| Positive CESM, n =428 (72.2%) | | Negative CESM, n = 165 (27.8%) |
Histopathological verification Histopathological verification =
(reference test) (reference test) 5

Target Target Target Target
condition condition condition condition

present absent present absent

n=320 n=108 n=7 n=158 AUC = 0.653

TP=5396% | | FP=1821% | | FN=1.18% | | TN=26.64% % 1

Figure 2. Comparison of lesions clinical characteristics and the results of
the spectral mammography analysis

lesions showed features of contrast enhancement. Similar
values were obtained in the meta-analysis [17], which in-
cluded 994 lesions, yielding a specificity of 0.58.

The specificity of CESM is clearly lower than the
specificity of magnetic resonance imaging. Of the benign
lesions that were enhanced, fibroadenomas and papil-
lomas predominate. The degree of vascularisation of fi-
broadenomas is very different and depends on the mu-
tual proportions of fibrous and cellular elements [18]; the
more the nodule is hypercellular, the greater its degree
of vascularity. In our material 77.8% of fibroadenomas
showed contrast enhancement. Papillomas have a vascu-
lar peduncle and perhaps it may be responsible for the
contrast enhancement within them - in our material as

© Pol J Radiol 2020; 85: £381-¢386

Tumor enhancement

Figure 3. Tumor malignancy verified in histopathology vs. enhancement in
contrast-enhanced spectral mammography

much as 91.7% of papillomas were contrasting. However,
lesions visualised by magnetic resonance display high
signal intensity on T2-weighted images. Therefore, ad-
ditional dynamic contrast-enhanced MR (CEM) is nec-
essary to confirm the diagnosis [19]. However, magnetic
resonance also at the beginning of its inception struggled
with the problem of low specificity, and only the assess-
ment of morphological and dynamic features combined
contributed to an increase in specificity to 74-96%, on
average around 80% [20-22]. Unfortunately, the possible
assessment of the curve of the contrast enhancement dy-
namics in CESM (analogous to the MR) seems unlikely
due to the presence of ionising radiation in CESM, which
does not allow the increase of the number of projections
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over those that are normally performed. The high NPV
(negative predictive value) of 95.76% allows a very high
probability of excluding cancer in situations where patho-
logical contrast enhancement is not observed.

In our study BIRADS classification was based on clas-
sic diagnostic imaging - US and mammography. There
were 120 lesions classified as BIRADS 2 or 3, of which
61 (50.82%) were enhanced and six (5%) were invasive
breast cancer. Therefore, after analysis in a routine work,
we adopted the principle that if the changes in BIRADS 2
and 3 stages were enhanced, then its classification would
increase to BIRADS 4 and could be qualified for core
needle biopsy.

Conclusions

Spectral mammography (CESM) due to its very high
sensitivity may be the preferred method used to detect
breast cancer. Due to the high NPV (95.76%) CESM allows
the possibility of excluding cancer in situations where patho-
logical contrast enhancement is not observed, and this may
decrease the need for core needle biopsies in cases that are
classified in classic imaging (MMG, USG) for biopsy.
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