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ABSTRACT

Objective: The aim of this study was to evaluate the clinical, imaging and histopathological features of breast cancer in patients aged under 40 years
of age. The relationship between radiological characteristics and histopathological features was also investigated.

Materials and Methods: The study included 131 patients aged under 40 years, diagnosed pathologically with breast cancer. A retrospective eval-
uation was made of the imaging and clinicopathological findings and the relationship between pathological and imaging findings was investigated.

Results: Most of the cancers were detected from clinical symptoms, especially a palpable mass (76.3%). The most common histological type
of tumor was invasive ductal carcinoma and 64.8% of the tumors were high grade tumors. The predominant features were irregular borders
(92.4%), microlobulated-angulated contours (43.5%), hypo-homogeneous internal echogenicity (80.9%) on ultrasonography, and the presence of
a mass (41.2%) and suspicious microcalcifications (40.2%) on mammography. Magnetic resonance imaging commonly showed mass enhancement
(66.7%) with type 2 or 3 dynamic curve (92.6%). High-grade tumors were associated with posterior acoustic enhancement (p: 0.03) while low-grade
tumors presented with spiculated margins more than high grade tumors (p: 0.04).

Conclusion: Breast cancer in women aged under 40 years usually presents with a self-detected palpable mass and can show different imaging
findings according to the histological grade. Ultrasonography is the main modality for the diagnosis of breast cancer in young women, but mam-
mography and magnetic resonance imaging can help in both diagnosis and evaluation of the extent of disease.
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Introduction

Breast cancer is less common in women under 40 years old and this age group constitutes approximately 7% of all women diagnosed with
breast cancer (1, 2). However, it can have a worse prognosis and more aggressive biological behavior than breast cancer in older patients.
Previous studies have shown that young women are diagnosed at a later stage with highly proliferative, poorly differentiated, estrogen

receptor negative tumors with the presence of lymphovascular invasion (3-5).

The radiological findings of breast cancer in young women can vary and the diagnosis of cancer can be more challenging than in an
older population as there are also different histopathological features (6, 7). Most medical associations, including the American College
of Radiology and Society of Breast Imaging, recommend annual breast cancer screening starting at the age of 40 and the sensitivity of
mammography is lower in young women due to denser breast tissue (8, 9). The use of breast ultrasonography (US) is preferred for women
under 40 years old in the diagnosis of breast disease, but mammography or Magnetic Resonance Imaging (MRI) should be performed if

there is a suspicious finding for malignancy (10).

Therefore, the aim of this study was to evaluate the clinical, imaging and histopathological features of breast cancer in patients aged
<40 years. The secondary objective was to investigate the relationship between radiological characteristics and histopathological

features.
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Materials and Methods

Patients
Approval for the study was granted by the Hacettepe University Ethics
Commission. Informed consent was not required because of the retro-

spective nature of the study.

A retrospective review was made of 2619 women applied with breast
core needle biopsy between June 2011 and December 2017. A total of
443 patients were under 40 years old. Those with benign pathology
results were excluded from the study and thus 131 patients diagnosed
with breast cancer were included for evaluation in the study.

Imaging

All patients underwent ultrasonography, 107 patients had mammog-
raphy and only 27 patients had MRI. Patients aged >35 years with a
family history and those with a personal history of breast cancer un-
derwent mammography as the initial modality. For other patients,
US was applied first and then mammography was performed because
of suspicious findings. MRI was applied to 27 patients to evaluate the
extent of breast cancer before breast-conserving surgery.

The US images were obtained using a 12 MHz linear probe on a
Toshiba Aplio 400 device (Toshiba Medical Systems Corporation,
Otawara, Japan). For the mammograms, standard mediolateral
oblique and craniocaudal images were obtained using Seno essen-
tial mammography systems (General Electric, USA). The MRI scans
were acquired with the patient in the prone position in a 1.5-Tesla
MRI scanner (Signa HD, GE Medical Systems, USA) using a four-
channel phased array breast coil. The imaging protocol included
the following sequences: axial T2-weighted fat saturated (TR/TE
5100/90 ms, slice thickness=2 mm, flip angle 90°, matrix 256x256),
axial echo-planar DWI (TR/TE 2500/72, slice thickness =3 mm,
matrix 256x256, diffusion gradient with b values of 0 and 500 s/
mm?), and axial T1-weighted fast spin echo pre-contrast MR images
(TR/TE 4.3/2.1 ms, slice thickness=2 mm, flip angle 90°, matrix
512x512). Dynamic breast examination was performed after the in-
jection of intravenous contrast material (Dotarem, Guerbet, Roissy,
France) through the antecubital vein at a dose of 0.1 mmol/kg using
a power injector (Medrad, Bayer HealthCare, Netherlands). After
pre-contrast T'1-weighted images, the following 5 axial T1-weighted
post-contrast dynamic sequences (TR/TE 4.5/2.1 ms, slice thick-
ness=2 mm, flip angle 10°, matrix 512x512) were obtained at inter-
vals of 90 seconds.

Pathological examination

The pathological reports were reviewed to determine histopathologi-
cal type, tumor grade and immunohistochemical findings including
Estrogen Receptor (ER), Progesterone Receptor (PR) and Human Epi-
dermal Growth Receptor 2 (HER 2) status. HER 2 status was defined
as positive for tumors with a score of 3+ and negative for tumors with
scores of 0 and 1+. In tumors with a 2+ score, gene amplification us-
ing Fluorescence in situ Hybridization (FISH) analysis was used to
confirm the HER 2 status. Testing negative for all three hormone
receptors was defined as triple negative breast cancer.

Statistical Analysis

Descriptive statistics including patient age, tumor size, clinical pre-
sentation, histopathological type, grade, immunohistochemical and
radiological findings were presented as frequencies and percentages
of categorical variables and means and standard deviations of quan-

titative variables. The Independent Samples t-test was performed to
compare the means of two groups (gradel-2 and grade 3) and Pearson
chi-square test, Yates™ chi-square test or Fisher Exact tests were used to
compare differences between groups for categorical variables includ-
ing radiological findings and histopathological findings Spearman’s
rtho correlation was used to examine the relationship between two
quantitative variables. A value of p<0.05 was accepted as statistically
significant. All statistically analyses were performed using The Statis-
tical Package for Social Sciences version 23.0 software (IBM Corp.;
Armonk, NY, USA).

Results

Clinical and histopathological data

The clinical and histopathological features are presented in Table 1.
Most cancers were detected from clinical symptoms, especially a palpa-
ble mass (101/131, 77% symptomatic, 100/131 patients with a palpa-
ble mass). 22.9% of patients were asymptomatic and were diagnosed
with breast cancer when they underwent breast US due to personal or
family breast cancer history. The most common histological type of tu-
mor was invasive ductal carcinoma, 64.8% of tumors were high-grade,

and 17.6% of tumors were triple negative.

Table 1. Clinical and pathological characteristics of
131 patients

Characteristics Number (%)
Mean age (yeartSD) 34.243.6
Clinical presentation

-Palpable mass 100 (76.3)
-Personal breast cancer history 10 (7.6)
-Family breast cancer history 20 (15.3)
-Bone metastasis 1(0.8)
Histopathological type

-Invasive ductal carcinoma 96 (73.3)
-Invasive lobular carcinoma 5(3.8)
-Mixed carcinoma 20 (15.3)
-Mucinous type 3(2.3)
-DCIS 7 (5.3)
Tumor Grade

-Grade 1 4(3.1)
-Grade 2 42 (32.1)
-Grade 3 85 (64.8)
Immunohistochemical findings

ER positivity 87 (66.4)
PR positivity 71 (54.2)
HER 2/Cerb positivity 34 (26.0)
Triple negative 23 (17.6)

SD: Standard deviation; DCIS: Ductal carcinoma in situ; ER: Estrogen
receptor; PR: Progesterone receptor; HER 2: Human epidermal growth
factor receptor-2



Table 2. Radiological findings of lesions

Findings Number (%)
Size (¢SD) mm 36.3 (£28.3)
Axillary lymphadenopathy in US 79 (60.3)
Skin thickening 24 (18.3)
Multifocality 49 (37.4)
BI-RADS category according to US-MMG
-BI-RADS 4A 8(6.1)
-BI-RADS 4B 16 (12.2)
-BI-RADS 4C 16(12.2)
-BI-RADS 5 91 (69.5)
US Findings (131 patients)
-No abnormality 5(3.8)
-Shape
-Irregular 121 (92.4)
-Oval-round 5(3.8)
-Margin
-Circumscribed 2 (1.5)
-Microlobulated and angulated 57 (43.5)
-Indistinct 45 (34.4)
-Spiculated 22 (16.8)
-Posterior acoustic feature
-No feature 76 (58.0)
-Acoustic enhancement 29 (22.1)
-Acoustic shadowing 26 (19.8)
-Echogenicity
-Iso-homogeneous 2 (1.5)
-Hypo-homogeneous 106 (80.9)
-Heterogeneous 18 (13.8)
Mammography findings (107 patients)
-No abnormality 17 (15.9)
-Abnormality 90 (84.1)
-Microcalcifications 43 (40.2)
-Asymmetrical density 29 (27.1)

Imaging findings

The radiological findings of tumors are summarized in Table 2. Breast
Imaging Reporting and Data System (BI-RADS) categorisation was
applied according to the US and mammography findings. Most pa-
tients were categorized as BI-RADS 5, and only 8 patients as BI-RADS
4A. The mean size of tumors was 36.3 mm. 60.3% of patients had
axillary lymphadenopathy, which was also proven to be malignant
pathologically. Skin thickening was present in 24 (18.3%) patients,

and multifocal/multicentric tumors were seen in 49(37.4%).
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-Distortion 7 (6.5)
-Mass 44 (41.2)
-Mass shape

-Oval-round 9 (8.3)
-Irregular 35(32.7)
-Mass margins

-Circumscribed 1(0.9)
-Microlobulated 5 (4.6)
-Indistinct 13 (12.1)
-Obscured 17 (15.8)
-Spiculated 8 (7.4)
MRI findings (27 patients)
-Mass 18 (66.7)
-Non-mass enhancement 9 (33.3)
- Kinetic curve

-Type 1 2 (7.4)
-Type 2 and 3 25(92.6)
-T2W signal intensity

-Isointense 18 (66.7)
-Hyperintense 9 (33.3)
Grade 1-2 (46)
-Spiculated margins 12 (26.1)
-Posterior acoustic enhancement 5(10.9)
-Heterogeneous internal echogenicity 4(8.7)
-Microcalcifications 19 (50)
-Mass enhancement in MRI 4 (57.1)
-T2W signal intensity 1(14.3)
Grade 3 (85)
-Spiculated margins 10 (11.8)
-Posterior acoustic enhancement 24 (28.2)
-Heterogeneous internal echogenicity 14 (16.5)
-Microcalcifications 24 (34.8)
-Mass enhancement in MRI 14 (70)
-T2W signal intensity 8 (40)

SD: Standard deviation; US: Ultrasonography; MMG: Mammography; MRI:
Magnetic resonance imaging; BI-RADS: Breast imaging reporting and
data system

UsS

Ultrasonography was performed on all the patients. In 5 (3.8%) pa-
tients, no abnormality was determined on US and these cases were
diagnosed with microcalcifications seen on mammography. The pre-
dominant features on US were irregular shape (121, 92.4%), microl-
obulated-angulated margins (57, 43.5%) and hypo-homogenecous
internal echogenicity (106, 80.9%). Most patients (76, 58%) did not
have a posterior acoustic feature, and 22.1% of patients demonstrated

posterior acoustic enhancement.
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Figure 1. a-c. Malignant pleomorphic microcalcifications are seen on mammography (a), ultrasonography (b) and micropure imaging (c) in a

27-year old patient with grade 3 breast cancer

Mammography
Mammography was applied to 107 patients (81.6%) and on 84.1 %
of these images an abnormality was determined. The most common

abnormality on mammography was the presence of a mass (44/107,
41.2%), followed by suspicious microcalcifications (43/107, 40.2%)
(Figure 1). In 5 patients, the diagnosis was made based on the presence
of microcalcifications on mammography only. The most frequently
seen shape on mammography was irregular, and the most common
margin feature was obscured.

MRI

All of the patients were diagnosed with US and mammography find-
ings. MRI was applied to 27 (20.6%) patients to evaluate the extent
of the disease before surgery. Of these 27 cases, 18 (66.7%) presented
with mass enhancement, and 9 (33.3%) presented with non-mass en-
hancement. Most patients demonstrated type 2 or 3 dynamic curve
(25127, 92.6%). In 9 of 27 (33.3%) patients the cancer was hyperin-
tense, and the T2W signal intensity was predominantly isointense in

18 (66.7%).

Relationship between histopathological features and imaging findings
High-grade tumors were associated with posterior acoustic enhance-
ment (gradel, 2: 10.9%, grade 3: 28.2% p: 0.03), and low-grade tu-

Figure 2. a, b. Grade 2 invasive ductal cancer (a) shows spiculated
margins, grade 3 invasive ductal cancer (b) demonstrates posterior
acoustic enhancement on ultrasonography

mors presented with spiculated margins more than high-grade tumors
(grade 1-2: 26.1%, grade 3: 11.8% p: 0.04) (Figure 2).

High pathological grade tumors showed more internal heterogeneity
than grade 1 and 2 tumors (gradel-2: 8.7%, grade 3:16.5% p: 0.09)
(Figure 2). On MRI, T2W hyperintensity was more commonly seen
in high-grade tumors than low-grade tumors (gradel, 2: 14.3%, grade
3: 40% p: 0.3). (Figure 3). Skin thickening (grade 1, 2: 13%, grade 3:
21.2% p: 0.3) and the presence of axillary lymphadenopathy (grade
1, 2: 50%, grade 3: 65.9% p: 0.1) were more frequently seen in high-
grade tumors than low-grade tumors, but these findings did not reach
statistical significance.

The histopathological grade did not show any association with the oth-
er radiological findings including shape, margins, and microcalcifica-
tions. No statistically significant relationship was determined between
immunohistochemical findings and imaging findings.

Discussion and Conclusion

Breast cancer in young women is uncommon but shows more aggres-
sive histopathological features and has a poorer prognosis (5, 11, 12).
In the current study, the majority of breast cancers in women under
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Figure 3. a-c. Imaging findings are shown of a 26-year old patient with grade 3 invasive ductal carcinoma. Mediolateral and craniocaudal
mammography images (a) demonstrate round shape, ultrasonography image (b) shows internal heterogeneity and posterior acoustic
enhancement and magnetic resonance image (c) indicates T2W hyperintensity

40 years old presented symptomatically especially with a palpable
mass and more than half of the patients had axillary lymphadenopathy
on US at the time of diagnosis. With the exception of the high-risk
group, young women are not included in breast screening programs.
The reason for a poorer prognosis may be a late diagnosis and axillary
or distant metastasis at diagnosis. However, several studies have shown
that breast cancer in young women has a higher percentage of negative
ER and PR receptors, higher lymphovascular invasion, grade and ex-
pression of proliferation markers including KI-67 and cyclins (12-14).
Similar to a previous study, the findings of the current study showed
that breast cancer in women under 40 years old was associated with a

higher histological grade (6).

Radiological diagnosis of breast cancer in young women is more chal-
lenging compared to older counterparts. Most medical associations
recommend annual breast cancer screening starting at the age of 40
years old for women at average risk. Mammography is the main mo-
dality for breast cancer screening (9, 15). Breast density can hide breast
cancer and therefore mammography sensitivity is decreased in young
women because of the higher breast tissue density (16). Due to the
higher density, overdiagnosis and accumulation of radiation in young
women, ultrasonography is the primary modality for the diagnosis of
breast cancer. In the current study, ultrasonography was performed
on all patients and with the exception of 5 patients, there was an ab-
normality in all patients. Of the patients who underwent mammog-
raphy, an abnormality was detected in 84.1%. Moreover, 5 patients
who could not be diagnosed by US were diagnosed by mammography.
On mammography the most common findings of tumors were micro-
calcifications and mass. The shape of the masses was usually irregular,
which was consistent with the findings of previous studies (6, 17). The
predominant margin features were microlobulated-angulated on US
and obscured in mammography. In contrast to the current study, Bul-
lier et al. (17) found a predominance of spiculated margins in women
with breast cancer aged <40 years. The lower rate of spiculated margins
in the current study could be attributed to the higher percentage of
high-grade tumors.

Magnetic Resonance Imaging was performed on patients for evalua-
tion of the extent of cancer before breast cancer conserving surgery.
Most patients showed mass enhancement, T2 isointensity and type 2
or 3 dynamic curves similar to the results of previous studies (6, 17,
18). Dynamic curves (92.6 % of patients have type 2/3 curves) in
particular could help the radiologist in the diagnosis of breast cancer
in young women whose diagnosis can be more challenging than in an
older population.

The association between radiological findings and histological grade
was also investigated. High-grade tumors were related to posterior
acoustic enhancement, while low-grade tumors were related to spicu-
lated margins. Moreover, on MRI T2W, hyperintesity was more com-
monly seen in high-grade tumors than in low-grade tumors, but this
finding could not reach statistical significance probably due to the low
number of patients with MRI findings. The results of previous stud-
ies supported the current study findings and it has been reported that
high-grade and triple negative tumors can mimic benign lesions with
circumscribed margins and posterior enhancement (17, 19). High-
grade tumors are known to demonstrate higher cellularity and necro-
sis, which could be the reason for the internal heterogeneity, posterior
acoustic enhancement and T2W hyperintensity. However, low-grade
tumors usually show higher stromal reaction and desmoplasia which
may cause spiculated margins (17, 20, 21). Women under 40 years
old show a diverse distribution of histological grades, as 64.8% of our
patients had higher grade tumor. Therefore, due to the different imag-
ing findings of high-grade tumors, breast cancer under 40 years old
can show distinct radiological findings from their older counterparts.

There were some limitations of the current study. The major limitation
was the retrospective design. Second, the number of patients evaluated
with MRI was low and this may have caused the lack of statistical
significance. Finally, although the immunohistochemical findings were
investigated, molecular subtypes could not be evaluated due to the lack
of Ki 67 data in some patients.

In conclusion, breast cancer in women under 40 years old usually pres-
ents with a self-detected palpable mass and can show different imaging
findings including posterior enhancement, T2W hyperintensity and
less spiculated margins due to a higher histological grade. US is the
main modality for diagnosis of breast cancer in young women, but
mammography and MRI can help both diagnosis and evaluation of
the extent of the disease. Awareness of imaging and clinicopathologi-
cal findings of breast cancer in young women helps the radiologist to
make an early and accurate diagnosis, and the clinician to provide the
correct treatment.

Ethics Committee Approval: Ethics committee approval was received for this
study from the Ethics Committee of Hacettepe University School of Medicine.

Informed Consent: Informed consent was not received due to the retrospective

nature of the study.

Peer-review: Externally peer-reviewed.

151



152

Eur J Breast Health 2019; 15(3): 147-152

Author Contributions: Concept - G.D., A.A.; Design - G.D., O.0.; Supervi-
sion - M.G.A., ED.; Resources - A.A., O.0.; Materials - KK., A.U.; Data
Collection and/or Processing - J.K., K.K.; Analysis and/or Interpretation - J.K.,
A.U.; Literature Search - G.D., A.A.; ‘Writing Manuscript - G.D., 0.0.; Criti-
cal Review - M.G.A., ED.; Other - G.D., A.A.

Conflict of Interest: The authors have no conflicts of interest to declare.

Financial Disclosure: The authors declared that this study has received no fi-

nancial support.

References

1.

Assi HA, Khoury KE, Dbouk H, Khalil LE, Mouhieddine TH, El Saghir
NS. Epidemiology and prognosis of breast cancer in young women. ]
Thorac Dis 2013; 5 (Suppl 1): $2-S8. (PMID: 23819024)

Anders CK, Johnson R, Litton ], Phillips M, Bleyer A. Breast cancer before age
40 years. Semin Oncol 2009; 36: 237-249. (PMID: 19460581) [CrossRef]
Han W, Kim SW, Park IA, Kang D, Kim SW, Youn YK, Oh SK, Choe KJ,
Noh DY. Young age: an independent risk factor for disease-free survival in
women with operable breast cancer. BMC Cancer 2004; 4: 82. (PMID:
15546499) [CrossRef]

Gnerlich JL, Deshpande AD, Jeffe DB, Sweet A, White N, Margenthaler JA.
Elevated breast cancer mortality in women younger than age 40 years com-
pared with older women is attributed to poorer survival in early-stage disease.
J Am Coll Surg 2009; 208: 341-347. (PMID: 19317994) [CrossRef]
Fredholm H, Magnusson K, Lindstrom LS, Garmo H, Filt SE, Lindman
H, Bergh J, Holmberg L, Pontén E Frisell ], Fredriksson I. Long-term out-
come in young women with breast cancer: a population-based study. Breast
Cancer Res Treat 2016; 160: 131-143. (PMID: 27624330) [CrossRef]
An YY, Kim SH, Kang BJ, Park CS, Jung NY, Kim JY. Breast cancer
in very young women (<30 years): Correlation of imaging features with
clinicopathological features and immunohistochemical subtypes. Eur J
Radiol 2015; 84: 1894-1902. (PMID: 26198117) [CrossRef]

Redmond CE, Healy GM, Murphy CFE, O'Doherty A, Foster A. The use
of ultrasonography and digital mammography in women under 40 years
with symptomatic breast cancer: a 7-year Irish experience. Ir ] Med Sci
2017; 186: 63-67. (PMID: 27271165) [CrossRef]

Freer PE. Mammographic breast density: impact on breast cancer risk and
implications for screening. Radiographics 2015; 35: 302-315. (PMID:
25763718) [CrossRef]

Destounis S, Santacroce A. Age to Begin and Intervals for Breast Cancer
Screening;: Balancing Benefits and Harms. AJR Am ] Roentgenol 2018;
210: 279-284. (PMID: 29064754) [CrossRef]

Yamada T, Mori N, Watanabe M, Kimijima I, Okumoto T, Seiji K, Taka-
hashi S. Radiologic-pathologic correlation of ductal carcinoma in situ.

Radiographics 2010; 30: 1183-1198. (PMID: 20833844) [CrossRef]

20.

21.

Shannon C, Smith IE. Breast cancer in adolescents and young women.
Eur J Cancer 2003; 39: 2632-2642. (PMID: 14642925) [CrossRef]
Fredholm H, Magnusson K, Lindstrém LS, Tobin NP, Lindman H,
Bergh J, Holmberg L, Pontén E Frisell J, Fredriksson I. Breast can-
cer in young women and prognosis: How important are prolifera-
tion markers? Eur ] Cancer 2017; 84: 278-289. (PMID: 28844016)
[CrossRef]

Kollias J, Elston CW, Ellis IO, Robertson JF, Blamey RW. Early-onset
breast cancer--histopathological and prognostic considerations. Br ] Can-
cer 1997; 75: 1318-1323. (PMID: 9155052) [CrossRef]

Colleoni M, Rotmensz N, Robertson C, Orlando L, Viale G, Renne G,
Luini A, Veronesi B, Intra M, Orecchia R, Catalano G, Galimberti V, Nolé
E Martinelli G, Goldhirsch A. Very young women (<35 years) with oper-
able breast cancer: features of disease at presentation. Ann Oncol 2002;
13: 273-279. (PMID: 11886005) [CrossRef]

Oeffinger KC, Fontham ET, Etzioni R, Herzig A, Michaelson ]S, Shih
YC, Walter LC, Church TR, Flowers CR, LaMonte SJ, Wolf AM,
DeSantis C, Lortet-Tieulent J, Andrews K, Manassaram-Baptiste D,
Saslow D, Smith RA, Brawley OW, Wender R. Breast Cancer Screening
for Women at Average Risk: 2015 Guideline Update From the Ameri-
can Cancer Society. JAMA 2015; 314: 1599-1614. (PMID: 26501536)
[CrossRef]

Bird RE, Wallace TW, Yankaskas BC. Analysis of cancers missed at screen-
ing mammography. Radiology 1992; 184: 613-617. (PMID: 1509041)
[CrossRef]

Bullier B, MacGrogan G, Bonnefoi H, Hurtevent-Labrot G, Lhomme E,
Brouste V, Boisserie-Lacroix M. Imaging features of sporadic breast cancer
in women under 40 years old: 97 cases. Eur Radiol 2013; 23: 3237-3245.
(PMID: 23918218) [CrossRef]

An YY, Kim SH, Kang BJ. Characteristic features and usefulness of MRI
in breast cancer in patients under 40 years old: correlations with conven-
tional imaging and prognostic factors. Breast Cancer 2014; 21: 302-315.
(PMID: 22723056) [CrossRef]

Celebi B Pilanci KN, Ordu C, Agacayak E Alco G, llgiin S, Sarsenov
D, Erdogan Z, Ozmen V. The role of ultrasonographic findings to pre-
dict molecular subtype, histologic grade, and hormone receptor sta-
tus of breast cancer. Diagn Interv Radiol 2015; 21: 448-453. (PMID:
26359880) [CrossRef]

Lamb PM, Perry NM, Vinnicombe SJ, Wells CA. Correlation between
ultrasound characteristics, mammographic findings and histological
grade in patients with invasive ductal carcinoma of the breast. Clin Radiol
2000; 55: 40-44. (PMID: 10650109) [CrossRef]

Chang JM, Won JK, Lee KB, Park IA, Yi A, Moon WK. Comparison of
shear-wave and strain ultrasound elastography in the differentiation of
benign and malignant breast lesions. AJR Am ] Roentgenol 2013; 201:
W347-W356. (PMID: 23883252) [CrossRef]


https://doi.org/10.1053/j.seminoncol.2009.03.001
https://doi.org/10.1186/1471-2407-4-82
https://doi.org/10.1016/j.jamcollsurg.2008.12.001
https://doi.org/10.1007/s10549-016-3983-9
https://doi.org/10.1016/j.ejrad.2015.07.002
https://doi.org/10.1007/s11845-016-1472-0
https://doi.org/10.1148/rg.352140106
https://doi.org/10.2214/AJR.17.18730
https://doi.org/10.1148/rg.305095073
https://doi.org/10.1016/S0959-8049(03)00669-5
https://doi.org/10.1016/j.ejca.2017.07.044
https://doi.org/10.1038/bjc.1997.223
https://doi.org/10.1093/annonc/mdf039
https://doi.org/10.1001/jama.2015.12783
https://doi.org/10.1148/radiology.184.3.1509041
https://doi.org/10.1007/s00330-013-2966-z
https://doi.org/10.1007/s12282-012-0383-9
https://doi.org/10.5152/dir.2015.14515
https://doi.org/10.1053/crad.1999.0333
https://doi.org/10.2214/AJR.12.10416

