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Abstract
PURPOSE: To evaluate whether contrast enhancement on cone-beam breast-CT (CBBCT) could aid in discrimination of
breast cancer subtypes and receptor status.METHODS: This study included female patients age N40 years with malignant
breast lesions identified on contrast-enhanced CBBCT. Contrast enhancement of malignant breast lesions was standardized
to breast fat tissue contrast enhancement. All breast lesions were approved via image-guided biopsy or surgery.
Immunohistochemical stainingwas conducted for expression of estrogen (ER), progesterone (PR), human epidermal growth
factor receptor-2 (HER2) and Ki-67 index. Contrast enhancement of breast lesionswas correlatedwith immunohistochemical
breast cancer subtypes (Luminal A, Luminal B,HER2positive, triple negative), receptor status andKi-67 expression.RESULTS:
Highest contrast enhancementwas seen for Luminal A lesions (93.6HU) compared to Luminal B lesions (47.6HU,P = .002),
HER2 positive lesions (83.5 HU, P = .359) and triple negative lesions (45.3 HU, P = .005). Contrast enhancement of HER2
positive lesionswas higher than Luminal B lesions (P = .044) and triple negative lesions (P = .039). No significant difference
was evident between Luminal B and triple negative lesions (P = .439). Lesions with high Ki-67 index showed lower contrast
enhancement than those with low Ki-67 index (P = .0043). ER, PR and HER2 positive lesions demonstrated higher contrast
enhancement than their receptor negative counterparts, although differences did not reach statistical significance
(P = .1714; P = .3603; P = .2166). CONCLUSIONS: Contrast enhancement of malignant breast lesions on CBBCT
correlates with immunohistochemical subtype and proliferative potential. Thereby, CBBCT might aid in selecting
individualized treatment strategies for breast cancer patients based on pre-operative imaging.
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Introduction

Breast cancer is themost commonmalignant disease inwomen, comprising
approximately 16% of incident malignomas [1]. With recent diagnostic
advances, breast cancer is no longer considered a single entity. Rather, breast
cancer subtypes can be defined according to genetic array testing [2].

Immunohistochemistry provides a convenient clinical approxima-
tion to intrinsic breast cancer subtypes [3,4]. This approach defines
breast cancer subtypes according to expression of estrogen and
progesterone receptor (ER, PR), amplification of the human
epidermal growth factor receptor-2 (HER2) and Ki-67 index as a
marker for cell proliferation [4,5]. Breast cancer subtypes include
Luminal A, Luminal B, HER2 positive and triple negative cancers [5].
These subtypes directly influence breast cancer prognosis and clinical
behavior [6]. For example, Onitilo et al. have demonstrated that triple
negative breast cancer had worse overall survival and disease free
survival compared to Luminal A type breast cancer [6]. On the level
of breast cancer receptors and proliferation markers, HER2 receptor
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status and the Ki-67 index have been shown to correlate with cancer
recurrence, overall survival and clinical stage [7–9].
Due to the impact on breast cancer prognosis and treatment, prior

knowledge of immunohistochemical breast cancer subtypes and receptor
status is crucial for an optimal, individualized treatment strategy of breast
cancer patients. Several authors have evaluated imaging features to predict
breast cancer molecular properties. On magnetic resonance imaging
(MRI), triple negative breast cancer subtypes showed excess necrotic
tissue and regularly presented as non-mass lesions [10,11].
Recent advances in breast imaging could further promote the

discrimination of breast cancer subtypes. Cone-beam breast-CT
(CBBCT) is a novel breast imaging technique, utilizing a dedicated
flat-panel CT for acquisition of true breast 3D images [12,13].
Although it has been shown that lesion intensity on non-contrast
(NC) CBBCT did not correlate with breast cancer receptor status or
histopathological diagnosis, there is no literature on the added benefit
of iodinated contrast media in this emerging imaging modality [14].
Therefore, the purpose of the present study was to evaluate

whether contrast enhancement in dedicated CBBCT could aid in
discrimination of immunohistochemical breast cancer subtypes and
receptor status.

Material and Methods
The study was approved by the institutional review board and
conducted in accordance to the Declaration of Helsinki. Written
informed consent was obtained from all patients prior to inclusion.
The study protocol is available from the corresponding author upon
request.
This prospective study was conducted at a University affiliated

breast imaging center in central Germany from December 2015 to
March 2017. Inclusion criteria were malignant breast lesions
(invasive breast cancer and ductal carcinoma in situ (DCIS))
identified by CBBCT and proven by image-guided breast biopsy,
female gender and age over 40 years. Patients were excluded if
enrolled in the German breast cancer screening-program, pregnant,
presenting with renal insufficiency, or having a history of allergic
reaction to iodinated contrast media.

CBBCT
CBBCT examinations were performed using a dedicated flat-panel

breast-CT (Koning Breast CT, CBCT 1000; Koning Corporation,
West Henrietta, NY, USA). CBBCT imaging was done in a standard
manner [13,15]. After initial NC-CBBCT, 90 mL non-ionic contrast
media (Iopromide, Ultravist® 300, Bayer-Schering, Berlin, Germany)
were intravenously injected, followed by a 30 mL saline solution
chaser. Contrast-enhanced (CE) CBBCT scans were obtained 2–3
minutes after contrast media (CM) administration.
Table 1. Definition of Immunohistochemical Breast Cancer Subtype According to Receptor Status
and Ki-67 Index

Immunohistochemical
Breast Cancer Subtypes

Receptor Status Ki-67 Index Reference

Luminal A ER and/or PR positive; HER2 negative b 0.14 [31,32]
Luminal B ER and/or PR positive; HER2 negative N 0.14 [4,5]
HER2-Subtyp HER2 positive any [32,33]
triple negative ER and PR negative and HER2 negative any [5,34]

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth
factor receptor-2.
Post-acquisition image processing and reconstructions were
performed to achieve isotropic reconstructed volumes using a soft
tissue filter and a voxel size of 0.273 mm3 (standard mode).

Image Analysis
CBBCT intensity was measured in Hounsfield Units (HU). Three

representative rectangular regions of interest (ROIs) were positioned
in the peripheral region of the suspicious breast lesions and fat tissue
on CBBCT images in coronal view with a slice thickness of 2 mm.
Corresponding image slices were used to measures lesion intensity on
NC-CBBCT and CE-CBBCT as well as contrast enhancement on
CE-CBBCT. To ensure stable estimates of lesion intensity, HU
values were averaged over the three ROIs measured.

As proposed by Prionas et al., contrast enhancement of
breast lesions was standardized to enhancement of fat tissue and
defined as [16]:

enhancement ΔHU ¼ HUpost CM
lesion −HUpost CM

fat

� �
− HUpre CM

lesion −HUpre CM
fat

� �

Histopathological Analysis
All breast lesions were fixed in 5% formalin and processed into

paraffin blocks for further histopathological examination. Immuno-
histochemical staining for expression of ER, PR, HER2 and Ki-67
was performed using a fully automated system (Dako Omnis; Dako,
Glostrup, Denmark). Tissue sections were cut at 4 μm slice thickness,
including the largest cut surface of the breast lesion. Staining was
performed with primary antibodies against ER (EP1, Ready-to-use;
Dako, Glostrup, Denmark), PR (PgR 1294; Ready-to-use, Dako,
Glostrup, Denmark), HER2 (A0485, 1:400, Polyclonal
Rabbit-Anti-Human c-erbB-2; Dako, Glostrup, Denmark), and
Ki-67 (MIB-1, Ready-to-use; Dako, Glostrup, Denmark).
Positivity-cutoff for ER and PR was 1% positive cells with nuclear
staining [17].

HER2 staining was scored as: 0 (no staining/faint membrane
staining); 1+ (faint membrane staining in N10% of tumor cells,
incomplete membrane staining); 2+ (weak to moderate membrane
staining in N10% of tumor cells), and 3+ (uniform, intense membrane
staining in N30% of invasive tumor cells). Breast lesions with HER2
staining score of 3+ or 2+ and FISH-amplified were considered
HER2-positive [18]. The Ki-67 index was evaluated as the percentage
of positively staining cells among at least 1000 invasive cells in the
scoring area without taking staining intensity into account [19].

All histopathological analyses were performed by a board certified
pathologist with 15 years of experience in breasts pathology.
Histological grades and biological features were evaluated based on
invasive components.
Table 2. Histopathological Diagnosis of Included Breast Lesions

Histopathology Number (Percent) Grading

n = 38 (100) G2 G3

IDC n = 27 (71.0) n = 23 n = 4
NST + DCIS n = 7 (18.4) n = 6 n = 1
ILC n = 1 (2.6) n = 1 -
Intramammary metastasis n = 1 (2.6) - n = 1
Mixed papillary/mucinous serous carcinoma n = 1 (2.6) n = 1 -
Metaplastic carcinoma n = 1 (2.6) - n = 1

Abbreviations: IDC, invasive ductal carcinoma; NST, carcinoma of non-special type; DCIS, ductal
carcinoma in situ; ILC, invasive lobular carcinoma.



Table 3. Immunohistochemical Breast Cancer Subtypes with Associated Enhancement

Immunohistochemical Breast Cancer Subtype Number (Percent) Mean Enhancement (±SD)

Luminal A n = 9 (23.7) 93.6 (± 39.8) HU
Luminal B n = 17 (44.7) 47.6 (± 18.1) HU
HER2 positive n = 4 (10.5) 83.5 (± 49.8) HU
triple negative n = 8 (21.0) 45.3 (± 23.0) HU

Abbreviations: SD, standard deviation; HER2, human epidermal growth factor receptor-2; HU,
Hounsfield unit.
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For this study, immunohistochemical breast cancer subtypes were
defined as Luminal A, Luminal B, HER2 positive and triple negative
as summarized in Table 1.

Statistical Analysis
Continuous variables are given as mean with standard deviation (±

SD) as measure of dispersion, categorical variables as absolute number
and percent. For analyses, the Ki-67 index was dichotomized
according to its median value in “high” versus “low”.

The normality assumption of continuous variables was tested via
the Shapiro-Wilk test. Non-parametric Wilcoxon signed-rank and
Kruskal-Wallis tests were utilized for comparison of enhancement of
non-normally distributed samples.

An alpha level of 0.05 was considered statistically significant. All
provided p-values are two-sided. Due to the explorative design of this
study, P values were unadjusted for multiple testing and should be
interpreted accordingly. Statistical analyses were performed using R
and RStudio (R Core Development Team, Vienna, Austria; RStudio
Inc, Boston, MA, USA).
Figure 1. Boxplot chart of contrast enhancement among immunoh
range and horizontal bars median enhancement. * P b .05; *** P b
Luminal A vs. Luminal B p = .002; Luminal A vs. HER2 positive p =
Luminal B p = .039; Luminal B vs. triple negative P = .439.
Results

Patients
A total of 23 patients (26 breasts) fulfilled the inclusion criteria. No

patient withdrew study participation consent or was lost to follow-up.
NC-CBBCT and CE-CBBCT were available for all patients. One
mild contrast related adverse event with nausea was observed.

Mean patient age at inclusion was 59.6 years (±10.6 years). Six
patients (26%) were pre-menopausal, 17 patients post-menopausal
(74%). Nine patients (39%) presented with clinically palpable breast
lesions. Breast density was rated as ACR type c in 17 breasts (65.4%)
and type d in 9 breasts (34.6%), according to the Breast imaging
reporting and data system (BI-RADS) 5th edition [20].

Histopathology
A total of 38 malignant breast lesions were identified by CBBCT,

proven by image-guided biopsy or surgery and histopathologically
analyzed. Mean number of breast lesions per patients was 1.6 (range,
1–6 lesions). Histopathological diagnoses of all included breast lesions
are summarized in Table 2.

Immunohistochemical analyses confirmed expression of ER on 30
breast lesions (78.9%) and PR on 29 lesions (76.3%). The HER2
receptor was expressed on 4 breast lesions (10.5%). The mean Ki-67
index among the breast lesions was 0.28 (SD ± 0.22; range,
0.05–0.9).

Luminal subtype of breast lesions was grouped as: Luminal A in 9
lesions (23.7%), Luminal B in 17 lesions (44.7%), HER2 positive in
4 lesions (10.5%) and triple negative in 8 lesions (21%).
istochemical breast cancer subtypes; boxes indicate interquartile
.01; n.s. non-significant. Luminal A vs. triple negative p = .005;

.359; HER2 positive vs. triple negative p = .044; HER2 positive vs.



Figure 2. (A) Case of a postmenopausal 69-year-old woman
presenting with right-sided breast mass adjacent to the thoracic
wall. Contrast enhancement on CBBCT was 62 HU. (B) Immuno-
histochemical analyses revealed “HER2 positive” breast cancer
subtype with a Ki-67 index of 0.8 and without expression of ER or
PR. HER2 expression was positive (Dako-Score 3+).

Figure 3. (A) Case of a premenopausal 43-year-old woman
presenting with right-sided breast mass. Contrast enhancement
on CBBCT was 113 HU. (B) Immunohistochemical analyses
revealed “Luminal A” breast cancer subtype with a Ki-67 index of
0.1 and expression of ER and PR. HER2 expression was negative
(Dako-Score 0).
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Contrast Enhancement
Contrast enhancement was compared across immunohistochem-

ical breast cancer subtypes and receptor status. Contrast enhancement
differed significantly among immunohistochemical breast cancer
subtypes (P value for overall difference: P = .0093). Luminal A
lesions showed highest enhancement (93.6 HU) as compared to
Luminal B lesions (47.6 HU, P = .002), HER2 positive lesions (83.5
HU, P = .359) and triple negative lesions (45.3 HU, P = .005).
Enhancement of HER2 positive lesions was higher than that of
Luminal B lesions (P = .044) and triple negative lesions (P = .039).
No significant enhancement difference was evident for Luminal B
and triple negative lesions (P = .439).
Contrast enhancement measures among luminal types are

summarized in Table 3 and plotted in Figure 1. Representative
cases of breast cancer subtypes with imaging features on NC-CBBCT
and CE-CBBCT and associated immunohistochemical staining are
provided in Figure 2 for HER2 positive subtype, Figure 3 for Luminal
A, Figure 4 for Luminal B, and Figure 5 for triple negative subtype.

In separate analyses, ER-, PR-, and HER2-positive lesions
demonstrated higher enhancement than their receptor negative
counterparts as shown in Table 4. However, enhancement
differences did not reach statistical significance (P = .1714; P = .3603;
P = .2166).

After dichotomization at its median value (0.3), lesions with high
Ki-67 index showed lower enhancement than those with low Ki-67
index (P = .0043).

Discussion
In our study on CBBCT, we showed that contrast enhancement
correlated with breast cancer immunohistochemical breast cancer
subtypes.



Figure 4. (A) Case of a postmenopausal 62-year-old woman
presenting with right-sided breast mass. Contrast enhancement
on CBBCT was 72 HU. (B) Immunohistochemical analyses revealed
“Luminal B” breast cancer subtype with a Ki-67 index of 0.8, weak
expression of ER and no expression of PR. HER2 expression was
negative (Dako-Score 0).

Figure 5. (A) Case of a postmenopausal 57-year-old woman
presenting with right-sided breast mass. Contrast enhancement
on CBBCT was 50 HU. (B) Immunohistochemical analyses revealed
“triple negative” breast cancer subtype with a Ki-67 index of 0.8 and
without expression of ER and PR. HER2 expression was negative
(Dako-Score 0).

908 Immunohistochemical Breast Cancer Subtypes on CE-CBBCT Uhlig et al. Translational Oncology Vol. 10, No. 6, 2017
CBBCT contrast enhancement was significantly correlated with
breast cancer subtypes: highest contrast enhancement was evident for
the Luminal A subtype, followed by the HER2-Subtyp, when
compared to lesions of the Luminal B or triple negative receptor
subtype.

In addition, separate analyses were conducted for breast cancer
receptor status and proliferative potential. When evaluating the
expression of individual receptors on breast cancer lesions, higher
contrast enhancement was observed for ER, PR and HER2 positive
breast cancer lesion when compared to their receptor negative
counterparts. The missing statistical significance of these findings
could be attributable to small and imbalanced sample sizes. Analyzing
the proliferative potential, breast cancer lesions with low expression of
the proliferative marker Ki-67 showed significantly higher contrast
enhancement than those lesions with high Ki-67 index.
Our results might have immediate implications for therapeutic
strategies and patient prognosis: in contrast to other breast cancer
subtypes, chemotherapy showed reduced benefit for Luminal A breast
cancer [21]. Further, there is expert consent on neoadjuvant cytotoxic
treatment and administration of adjuvant monoclonal antibodies
(Trastuzumab) for HER2 positive breast cancers [5]. Independent of
any systemic adjuvant treatment, Blows et al. have shown distinct
survival patterns depending on breast cancer subtype, with worst
prognosis for those cancers with HER2 expression [9].

The effect of breast cancer subtype and receptor status on cellular
behavior of malignant breast lesions might underlie our findings on
distinct contrast enhancement patterns. Several authors reported
central desmoplasia and cancerous necrosis in highly proliferative,
Ki-67 expressing tumors which might explain the low contrast
enhancement observed in Ki-67 intense breast lesions [22,23].



Table 4. Immunohistopathological Status with Associated Enhancement and P Values

Immunohistochemical
Status

Number
(Percent)

Mean Enhancement
(±SD)

P-Value for Difference in Mean
Enhancement

ER positive n = 30 (78.9) 66.2 (± 36.7) HU 0.1714
ER negative n = 8 (21.1) 45.3 (± 23.0) HU Reference
PR positive n = 29 (76.3) 65.8 (± 37.4) HU 0.3603
PR negative n = 9 (23.7) 48.2 (± 23.3) HU Reference
HER2 positive n = 4 (10.5) 83.5 (± 49.8) HU 0.2166
HER2 negative n = 34 (89.5) 59.2 (± 33.1) HU Reference
Ki-67N 0.3 n = 18 (47.4) 45.2 (± 21.5) HU 0.0043
Ki-67b 0.3 n = 20 (52.6) 80.2 (± 38.5) HU Reference

Abbreviations: SD, standard deviation; HU, Hounsfield unit; ER, estrogen receptor; PR,
progesterone receptor; HER2, human epidermal growth factor receptor-2.
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Tumor induced immune responses are another potential explana-
tion for diverse contrast enhancement patterns. Della Rovere et al.
demonstrated that breast cancer ER and PR receptor status correlated
with inflammatory mast cell response [24]. Furthermore, the HER2
receptor has been shown to affect cancer angiogenesis [25–27]. Both
mechanisms could in turn influence contrast enhancement patterns of
breast cancer subtypes.
To the best of our knowledge, this study is the first to correlate

CBBCT contrast enhancement with receptor status, proliferative
properties and subtypes of breast cancer.
To date, there is a paucity of studies on the novel imaging

technique of CBBCT [12,13,15]. Only one study evaluated image
features of breast cancer subtypes and receptor status: Wienbeck et al.
concluded that absolute density of lesions on CBBCT does not
correlate with breast cancer receptor status or Ki-67 expression [14].
However, absolute lesion intensity on CBBCT might show high
inter-individual variability depending on breast density, menopausal
and menstrual status as well as age [28]. In our study, these limitations
were addressed by analyses of contrast enhancement rather than
absolute intensity and standardization of lesion enhancement to
enhancement of fat tissue, thereby accounting for any fluctuations
between image acquisitions. In addition, contrast enhancement as a
dynamic parameter might better reflect intrinsic tissue properties than
exclusive measurement of lesion intensity on CBBCT.
Other imaging studies evaluating breast cancer receptor status and

proliferative properties focused on MRI but failed to cover analyses of
breast cancer subtypes [29,30].
Several studies evaluated MRI contrast enhancement patterns:

contrast enhancement curves with washout phenomena have been
described for highly proliferative, Ki-67 rich breast cancer lesions
[29]. Furthermore, MRI enhancement patterns correlated with
expression of ER and PR on breast cancer cells [29].
Another MRI technique applied in breast cancer imaging is

diffusion weighted imaging with calculation of apparent diffusion
coefficients (ADC). Matsubayashi et al. reported low ADC values for
breast cancer lesions with high Ki-67 expression as well as for ER and
PR positive breast cancers [30].
A major limitation of our study is the comparably small sample size

that might explain the high dispersion of enhancement measures. In
addition, subgroup imbalances reduce statistical power for analyses of
individual receptor status. Moreover, considering the single-center
inclusion of only Caucasian women older than 40 years with ACR
density type c or d breasts, the generalizability of our findings might
be questioned.
Still, our study is the first to evaluate contrast enhancement for

discrimination of breast cancer subtypes using the novel imaging
technique CBBCT. Further, lesion enhancement measures were
averaged and standardized to fat tissue enhancement to ensure stable
and generalizable estimates. Finally, commercially available and
validated immunohistochemical methods were applied to assure
reproducible results.

Conclusion
In summary, we have shown that contrast enhancement of
histologically approved malignant breast lesions on CBBCT correlates
with immunohistochemical breast cancer subtype, receptor status and
proliferative potential. Highest enhancement was evident for Luminal
A breast cancer lesions.

Large scale studies are indicated to confirm our findings in
representative cohorts and to investigate whether therapeutic decision
for breast cancer patients could validly be achieved based on contrast
enhancement in a CBBCT.

References

[1] Parkin DM, Bray F, Ferlay J, and Pisani P (2005). Global cancer statistics, 2002.
CA Cancer J Clin 55(2), 74–108.

[2] Perou CM, Sorlie T, Eisen MB, van de Rijn M, Jeffrey SS, Rees CA, Pollack JR,
Ross DT, Johnsen H, and Akslen LA, et al (2000). Molecular portraits of human
breast tumours. Nature 406(6797), 747–752.

[3] Nielsen TO, Hsu FD, Jensen K, Cheang M, Karaca G, Hu Z,
Hernandez-Boussard T, Livasy C, Cowan D, and Dressler L, et al (2004).
Immunohistochemical and clinical characterization of the basal-like subtype of
invasive breast carcinoma. Clin Cancer Res 10(16), 5367–5374.

[4] Cheang MC, Chia SK, Voduc D, Gao D, Leung S, Snider J, Watson M, Davies
S, Bernard PS, and Parker JS, et al (2009). Ki67 index, HER2 status, and
prognosis of patients with luminal B breast cancer. J Natl Cancer Inst 101(10),
736–750.

[5] Goldhirsch A, Wood WC, Coates AS, Gelber RD, Thurlimann B, and Senn HJ
(2011). Strategies for subtypes–dealing with the diversity of breast cancer:
highlights of the St. Gallen International Expert Consensus on the Primary
Therapy of Early Breast Cancer 2011. Ann Oncol 22(8), 1736–1747.

[6] Onitilo AA, Engel JM, Greenlee RT, and Mukesh BN (2009). Breast Cancer
Subtypes Based on ER/PR and Her2 Expression: Comparison of Clinicopath-
ologic Features and Survival. Clin Med Res 7(1–2), 4–13.

[7] Nishimura R, Osako T, Okumura Y, Hayashi M, Toyozumi Y, and Arima N
(2010). Ki-67 as a prognostic marker according to breast cancer subtype and a
predictor of recurrence time in primary breast cancer. Exp Ther Med 1(5),
747–754.

[8] Inic Z, Zegarac M, Inic M, Markovic I, Kozomara Z, Djurisic I, Inic I, Pupic G,
and Jancic S (2014). Difference between Luminal A and Luminal B Subtypes
According to Ki-67, Tumor Size, and Progesterone Receptor Negativity
Providing Prognostic Information. Clin Med Insights Oncol 8, 107–111.

[9] Blows FM, Driver KE, Schmidt MK, Broeks A, van Leeuwen FE, Wesseling J,
Cheang MC, Gelmon K, Nielsen TO, and Blomqvist C, et al (2010). Subtyping
of Breast Cancer by Immunohistochemistry to Investigate a Relationship
between Subtype and Short and Long Term Survival: A Collaborative Analysis of
Data for 10,159 Cases from 12 Studies. PLoS Med 7(5), e1000279.

[10] Bae MS, Park SY, Song SE, Kim WH, Lee SH, Han W, Park IA, Noh DY, and
Moon WK (2015). Heterogeneity of triple-negative breast cancer: mammo-
graphic, US, and MR imaging features according to androgen receptor
expression. Eur Radiol 25(2), 419–427.

[11] Youk JH, Son EJ, Chung J, Kim JA, and Kim EK (2012). Triple-negative
invasive breast cancer on dynamic contrast-enhanced and diffusion-weighted MR
imaging: comparison with other breast cancer subtypes. Eur Radiol 22(8),
1724–1734.

[12] He N, Wu YP, Kong Y, Lv N, Huang ZM, Li S, Wang Y, Geng ZJ, Wu PH, and
Wei WD (2016). The utility of breast cone-beam computed tomography,
ultrasound, and digital mammography for detecting malignant breast tumors: A
prospective study with 212 patients. Eur J Radiol 85(2), 392–403.

[13] Wienbeck S, Lotz J, and Fischer U (2016). Review of clinical studies and first
clinical experiences with a commercially available cone-beam breast CT in
Europe. Clin Imaging 42, 50–59.

http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0005
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0005
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0010
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0010
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0010
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0015
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0015
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0015
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0015
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0020
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0020
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0020
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0020
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0025
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0025
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0025
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0025
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0030
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0030
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0030
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0035
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0035
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0035
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0035
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0040
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0040
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0040
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0040
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0045
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0045
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0045
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0045
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0045
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0050
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0050
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0050
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0050
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0055
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0055
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0055
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0055
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0060
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0060
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0060
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0060
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0065
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0065
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0065


910 Immunohistochemical Breast Cancer Subtypes on CE-CBBCT Uhlig et al. Translational Oncology Vol. 10, No. 6, 2017
[14] Wienbeck S, Fischer U, Perske C, Wienke A, Meyer HJ, Lotz J, and Surov A
(2017). Cone-beam Breast Computed Tomography: CT Density Does Not
Reflect Proliferation Potential and Receptor Expression of Breast Carcinoma.
Transl Oncol 10(4), 599–603.

[15] O'Connell A, Conover DL, Zhang Y, Seifert P, Logan-Young W, Lin CF, Sahler
L, and Ning R (2010). Cone-beam CT for breast imaging: Radiation dose, breast
coverage, and image quality. AJR Am J Roentgenol 195(2), 496–509.

[16] Prionas ND, Lindfors KK, Ray S, Huang SY, Beckett LA, Monsky WL, and
Boone JM (2010). Contrast-enhanced dedicated breast CT: initial clinical
experience. Radiology 256(3), 714–723.

[17] Hammond ME, Hayes DF, Wolff AC, Mangu PB, and Temin S (2010).
American society of clinical oncology/college of american pathologists guideline
recommendations for immunohistochemical testing of estrogen and progesterone
receptors in breast cancer. J Oncol Pract 6(4), 195–197.

[18] Wolff AC, Hammond ME, Hicks DG, Dowsett M, McShane LM, Allison KH,
Allred DC, Bartlett JM, Bilous M, and Fitzgibbons P, et al (2013).
Recommendations for human epidermal growth factor receptor 2 testing in
breast cancer: American Society of Clinical Oncology/College of American
Pathologists clinical practice guideline update. J Clin Oncol 31(31), 3997–4013.

[19] Dowsett M, Nielsen TO, A'Hern R, Bartlett J, Coombes RC, Cuzick J, Ellis M,
Henry NL, Hugh JC, and Lively T, et al (2011). Assessment of Ki67 in breast
cancer: recommendations from the International Ki67 in Breast Cancer working
group. J Natl Cancer Inst 103(22), 1656–1664.

[20] Sickles E, D'Orsi CJ, and LW B (2013). ACR BI-RADS® Mammography. ACR
BI-RADS® Atlas, Breast Imaging Reporting and Data System. Reston, VA:
American College of Radiology; 2013.

[21] Uchida N, Suda T, and Ishiguro K (2013). Effect of Chemotherapy for Luminal
A Breast Cancer. Yonago Acta Med 56(2), 51–56.

[22] Buadu LD, Murakami J, Murayama S, Hashiguchi N, Sakai S, Masuda K,
Toyoshima S, Kuroki S, and Ohno S (1996). Breast lesions: correlation of
contrast medium enhancement patterns on MR images with histopathologic
findings and tumor angiogenesis. Radiology 200(3), 639–649.

[23] TeifkeA,BehrO,SchmidtM,VictorA,VomwegTW,ThelenM, andLehrHA(2006).
DynamicMR imaging of breast lesions: correlation withmicrovessel distribution pattern
and histologic characteristics of prognosis. Radiology 239(2), 351–360.
[24] della Rovere F, Granata A, Familiari D, D'Arrigo G, Mondello B, and Basile G
(2007). Mast cells in invasive ductal breast cancer: different behavior in
high and minimum hormone-receptive cancers. Anticancer Res 27(4b),
2465–2471.

[25] Bazley LA and Gullick WJ (2005). The epidermal growth factor receptor family.
Endocr Relat Cancer 12(1), 17–27.

[26] Gutierrez C and Schiff R (2011). HER2: biology, detection, and clinical
implications. Arch Pathol Lab Med 135(1), 55–62.

[27] Barnes CJ and Kumar R (2004). Biology of the epidermal growth factor receptor
family. Cancer Treat Res 119, 1–13.

[28] White E, Velentgas P, Mandelson MT, Lehman CD, Elmore JG, Porter P, Yasui
Y, and Taplin SH (1998). Variation in mammographic breast density by time in
menstrual cycle among women aged 40-49 years. J Natl Cancer Inst 90(12),
906–910.

[29] Lee SH, Cho N, Kim SJ, Cha JH, Cho KS, Ko ES, and Moon WK (2008).
Correlation between High Resolution Dynamic MR Features and Prognostic
Factors in Breast Cancer. Korean J Radiol 9(1), 10–18.

[30] Matsubayashi RN, Fujii T, Yasumori K, Muranaka T, and Momosaki S (2010).
Apparent Diffusion Coefficient in Invasive Ductal Breast Carcinoma: Correla-
tion with Detailed Histologic Features and the Enhancement Ratio on Dynamic
Contrast-Enhanced MR Images. J Oncol [2010, pii 821048].

[31] Carey LA, Perou CM, Livasy CA, Dressler LG, Cowan D, Conway K, Karaca G,
Troester MA, Tse CK, and Edmiston S, et al (2006). Race, breast cancer
subtypes, and survival in the Carolina Breast Cancer Study. JAMA 295(21),
2492–2502.

[32] Yanagawa M, Ikemot K, Kawauchi S, Furuya T, Yamamoto S, Oka M, Oga A,
Nagashima Y, and Sasaki K (2012). Luminal A and luminal B (HER2 negative)
subtypes of breast cancer consist of a mixture of tumors with different genotype.
BMC Res Notes 5, 376. http://dx.doi.org/10.1186/1756-0500-5-376.

[33] Moasser MM (2007). The oncogene HER2: its signaling and
transforming functions and its role in human cancer pathogenesis. Oncogene
26(45), 6469–6487.

[34] Weigelt B, Mackay A, A'Hern R, Natrajan R, Tan DS, Dowsett M, Ashworth A,
and Reis-Filho JS (2010). Breast cancer molecular profiling with single sample
predictors: a retrospective analysis. Lancet Oncol 11(4), 339–349.

http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0070
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0070
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0070
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0070
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0075
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0075
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0075
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0080
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0080
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0080
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0085
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0085
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0085
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0085
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0090
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0090
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0090
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0090
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0090
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0095
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0095
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0095
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0095
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0100
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0100
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0100
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0105
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0105
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0110
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0110
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0110
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0110
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0115
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0115
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0115
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0120
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0120
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0120
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0120
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0125
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0125
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0130
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0130
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0135
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0135
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0140
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0140
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0140
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0140
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0145
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0145
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0145
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0150
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0150
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0150
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0150
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0155
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0155
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0155
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0155
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0165
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0165
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0165
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0170
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0170
http://refhub.elsevier.com/S1936-5233(17)30295-4/rf0170

	Contrast Enhancement on �Cone-Beam Breast-CT for Discrimination of Breast �Cancer Immunohistochemical Subtypes
	Introduction
	Material and Methods
	CBBCT
	Image Analysis
	Histopathological Analysis
	Statistical Analysis

	Results
	Patients
	Histopathology
	Contrast Enhancement

	Discussion
	Conclusion
	References


