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Abstract

Background: To evaluate the imaging findings in patients with breast cancer diagnosed before age 40 and their
correlation with histological type and molecular subtype.

Methods: A descriptive, retrospective, single-center study was conducted by reviewing imaging exams and medical
records, after approval of the institution’s Ethics Review Board. Among the 120 patients studied, 112 (93.3%) had
mammography, 113 (94.2%) underwent ultrasonography and 105 (87.5%) underwent breast magnetic resonance
imaging (MRI). Histopathology data was performed in most cases after surgical resection, which was available for
113 patients (94.2%).

Results: The mean age at diagnosis of primary breast cancer was 34 years. Most patients had no family history of
breast cancer or ovarian cancer (60.7%), and were symptomatic at diagnosis (75.6%). The most common histological
type was no-special type (NST) invasive carcinoma (73.8%). Regarding the molecular subtype, luminal B was the most
common (42.6%), followed by triple negative (20.2%). The malignant tumor was identified in 92.9% of patients who
underwent mammography, 96.5% of patients submitted to ultrasound and 98% of those who performed MRI.
MRI was superior to other methods in the evaluation of multifocal and multicentric lesions. There was no statistically
significant association between imaging findings and molecular subtypes in the present study.

Conclusions: This study demonstrated that imaging methods play a fundamental role in the characterization of cases of
breast cancer diagnosed in patients younger than 40 years. Despite the ultrasound has been the most widely used
method, we found improved characterization of breast lesions when also used mammography and MRI.
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Background
Breast cancer is the second most common cancer world-
wide and the most common among women. The disease
is mostly found in women after menopause, because about
75% of cases are diagnosed in women over the age of 50.
Despite being a relatively uncommon condition, current
statistics point to the increased incidence of these tumors
in young women [1, 2].
In women under 40, the breast cancer may exhibit more

aggressive behavior and poor prognosis [3, 4]. In this
group, the delay in the diagnosis of breast cancer is a
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common problem by many factors such as lack of aware-
ness about the disease and consequent delay in health care
demand, lack of screening programs in this age group,
rapid tumor growth and dense breast parenchyma, which
can hinder the identification of lesions in clinical examin-
ation [5, 6]. Thus, imaging methods are essential in the
diagnosis and monitoring of breast lesions, being ultra-
sound, mammography and magnetic resonance imaging
(MRI) are the most used methods.
Knowledge of the clinical and imaging presentation of

breast cancer in young women, in association with
pathological aspects of these tumors, is important to
improve the detection of breast lesions in this group.
The objective of this study was to evaluate the imaging
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findings in patients with breast cancer diagnosed before
age 40 and their correlation with histological type and
molecular subtype.

Methods
A descriptive, retrospective, single-center study was con-
ducted by reviewing imaging exams and medical records,
after approval of the institution’s Ethics Review Board. We
included patients who was diagnosed with breast cancer
and the age of 40 years, from November 2008 to August
2012. Among the 120 patients studied, 112 (93.3%) had
mammography, 113 (94.2%) underwent ultrasonography
and 105 (87.5%) underwent breast MRI (92 performed
mammography, ultrasonography and MRI; 14 performed
mammography and ultrasonography; 6 performed mamo-
graphy and MRI; 6 performed ultrasonography and MRI;
1 performed only ultrasonography and 1 performed only
MRI). All patients that underwent mammography had
standard views (cranial-caudal and medial-lateral oblique)
and additional images when necessary. All sonographic
examinations were performed with linear frequency
probes between 7.5 and 12 MHz. MRI studies included
were conducted in high-field systems (1.5 Tesla) with ded-
icated breast coil and use of intravenous paramagnetic
contrast. The 5th edition of the American College of Radi-
ology - Breast Imaging Report and Data System (ACR-
BIRADS) lexicon was used for radiological descriptors [7].
Histopathology data was performed in most cases after

surgical resection, which was available for 113 patients
(94.2%). In the other cases (n = 7; 5.8%), data obtained
through ultrasound-guided percutaneous core needle bi-
opsy were used. The histological types were reported ac-
cording to the World Health Organization (WHO)
classification of tumors [8]. Multifocality was defined by
the presence of additional malignant lesions in the same
quadrant of the primary tumor. Multicentricity was de-
fined as the presence of additional malignant lesions in
the same breast in different quadrants of the primary
tumor. According to the immunohistochemical profile,
breast carcinomas were classified into four molecular
subtypes: Luminal A (expression of estrogen / progester-
one receptors and low proliferation index); Luminal B
(positive receptor for estrogen and/or progestin with
Her- 2 overexpression or high proliferation index); Her-
2 (negative hormone receptors and HER -2 overexpres-
sion) and; triple-negative (hormone receptor and Her- 2
negative). Pathologic diagnoses, including immunophe-
notype, were obtained from medical reports of patients.
In the period of the study, the cut-off of 15% for Ki-67
expression was routinely used to differentiate low and
high proliferation index.
Statistical analyses were performed using SPSS for Win-

dows, version 20.0 (SPSS Inc. Chicago, Illinois). Frequency
analysis was performed to characterize the sample. The
following tests were used to compare variables: chi-square
test when both variables were categorical, and Student's
t-test and Mann-Whitney test when one of the variables
was continuous with and without normal distribution, re-
spectively. P value was considered statistically significant
when equal to or less than 0.05.

Results
Sample description
The age at diagnosis of breast cancer ranged from 24 to
39 years, with a mean of 34 years. Most patients (n = 73;
60.7%) had no family history of breast cancer or ovarian
cancer, 11 (9.0%) had a positive family history in first de-
gree relatives and 35 patients (29.5%) reported positive
family history in second or third-degree relatives. Most
patients (n = 92; 75.6%) were symptomatic at diagnosis
and the presence of a palpable masse was the main com-
plaint, reported by 78 patients (64%).
Two patients had bilateral tumors, so 122 breast ma-

lignancies were diagnosed in the 120 included patients.
Of these, 112 (9%) were invasive tumor, 5 pure ductal
carcinoma in situ (DCIS), 4 DCIS with microinvasion,
and 1 Paget's disease. Histological type found in invasive
tumors was no special type (NST) invasive carcinoma
(n = 90; 73.8%), followed by invasive lobular carcinoma
(n = 7; 5.7%), medullary carcinoma (n = 3; 2.5%), mucinous
carcinoma (n = 3; 2.5%), invasive micropapillary carcinoma
(n = 2; 1.6%), carcinoma with apocrine differentiation (n =
2; 1.6%), metaplastic carcinoma (n = 1; 0.8%), tubular car-
cinoma (n = 1; 0.8%), tubulolobular carcinoma (n = 1;
0.8%) and adenoid cystic carcinoma (n = 1; 0.8%). and
other special types of invasive tumors (16.4%). Multifocal-
ity and multicentric were observed in 18 cases (15%) and
16 cases (13%), respectively. The presence of in situ com-
ponent was associated with invasive lesions in 78 cases
(64%), most with nuclear grade 3 (71.8%) and associated
with comedonecrosis (59%). Regarding the molecular sub-
type, which was evaluated in 105 tumors, luminal B was
the most common (n = 52; 42.6%), followed by triple nega-
tive in 25 cases (20.2%), luminal A in 17 (13.9%) and Her-
2 in 11 (9.0%).

Imaging findings
The malignant tumor was identified in 104 among the
112 patients (92.9%) who underwent mammography, in-
cluding the two patients with bilateral tumor. Mammog-
raphy identified bilateral tumors in one of these patients
and only one lesion in the other. Thus, 9 malignant le-
sions (7.9%) were not characterized at mammographic
images. Regarding the density of breast parenchyma, 73
patients (65.2%) showed heterogeneous or extremely
dense breasts. The findings at mammography are
described in Table 1. The presence of suspicious calcifi-
cations (isolated or associated with other findings) was



Table 1 Description of mammographic findings

Mammographic findings (n = 114) n %

Mass 27 23,7

Mass with calcifications 21 18,4

Suspicious calcifications 18 15,8

Focal asymmetry 17 14,9

Focal asymmetry with calcifications 8 7,0

Architectural distortion with calcifications 5 4,4

Architectural distortion 3 2,6

Mass with architectural distortion 3 2,1

Global asymmetry 1 0,9

Negative findings 9 7,9

Unknown 2 1,7

Calcifications (n = 52) n %

Morphology

Fine Pleomorphic 21 40,4

Coarse heterogenous 10 19,2

Amorphous 7 13,5

Fine Linear 3 5,8

Distribution

Grouped 25 48,1

Segmental 14 26,9

Regional 3 5,8

Masses (n = 51) n %

Shape

Irregular 23 45,1

Oval 12 23,5

Round 1 2,0

Margin

Circumscribed 4 7,8

Obscured 14 27,5

Microlobulated 4 7,8

Indistinct 4 7,8

Spiculated 15 29,4

Associated Features n %

None 73 64

Nipple retraction 6 5,2

Skin retraction 6 5,2

Skin thickening 9 7,9

Axillary adenopathy 9 7,9

Trabecular thickening 4 3,5

Table 2 Description of ultrasonographic findings

Sonographic findings (n = 115) n %

Mass 86 74,8

Mass with calcifications 15 13.0

Mass with architectural distortion 4 3,5

Architectural distortion 1 0,9

Architectural distortion with calcifications 1 0,9

Mass with architectural distortion and calcifications 4 3,5

Negative findings 4 3,5

Masses (n = 109) n %

Shape

Round 2 1,8

Oval 36 32,9

Irregular 59 54,1

Margin

Circunscribed 28 25,7

Indistinct 38 34,8

Angulated 3 2,7

Microlobulated 7 6,4

Spiculated 11 10

Echo Pattern

Hypoecoic 86 74,8

Isoecoic 1 0,9

Hyperecoic 1 0,9

Complex cystic and solid 11 9,6

Associated Features (n = 115)

None 70 60,9

Edema 1 0,9

Axillary adenopathy 23 20

Axillary adenopathy and edema 1 0,9

Skin thickening and retraction 1 0,9

Skin thickening, edema and axillary adenopathy 3 2,6
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the most common mammographic finding, seen in 52
lesions (45.6%). The second most common finding was
masses, found in 51 cases (44.7%). Mammography iden-
tified 3 out of 17 (17.6%) multifocal tumors and 4 out of
15 (22%) multicentric tumors.
The malignant tumor was identified in 109 among the
113 patients (96.5%) who performed ultrasound. Ultra-
sound characterized bilateral tumors in only one case.
The frequencies of ultrasonography findings are de-
scribed on Table 2. Most of the malignant tumors pre-
sented as masses at ultrasound (n = 109; 94.8%).
Ultrasonography identified 9 out of 15 (60%) multi-
focal tumors and 7 out of 15 (46%) multicentric
tumors.
The MRI was positive in 103 of 105 patients (98%)

who were evaluated by this method. The two cases that
had a negative MRI presented grouped calcifications di-
agnosed only by mammography. MRI characterized the
two lesions in both patients who had bilateral tumors.
MRI findings are described on Table 3. Most malignant



Table 3 Description of MRI findings

MRI findings (n = 107) n %

Mass 67 62,6

Mass and non-mass enhancement 21 19,6

Non-mass enhancement 17 15,9

Negative findings 2 1,8

Masses (n = 88) n %

Shape

Round 3 3,4

Oval 43 48,9

Irregular 41 46,6

Margin

Circunscribed 8 9,1

Irregular 54 61,4

Spiculated 18 20,4

Internal enhancement

Homogeneous 11 12,5

Heterogeneous 58 65.8

Rim enhancement 14 15,9

Kinetic curve (n = 60)

Persistent 4 4,5

Plateau 21 23,8

Washout 35 39,8

Non-mass enhancement (n = 38) n %

Distribution

Focal 3 7,9

Linear 15 39,4

Segmental 10 26,2

Regional 5 13,1

Diffuse 1 2,6

Multiple regions 2 5,3

Internal enhancement

Homogeneous 7 18,4

Heterogeneous 20 52,6

Clumped 3 7,9

Cluestered rings 1 2,6

Associated Features n %

None 52 48,6

Skin invasion 16 14,9

Nipple invasion 12 31,6

Pectoralis muscle invasion 6 15,8

Axillary adenopathy 37 34,6

Table 4 Correlation between BIRADS categories at imaging
methods (mammography, ultrasound and MRI) and tumor
histologic types

Histologic types

NST Invasive
carcinoma

CDIS Special types
invasive
carcinomas

Total

BIRADS Categorya

Mammography

1 e 2 8 (12%) 0 1 (7%) 9 (9%)

0 e 3 13 (19%) 0 6 (40%) 19 (21%)

4 26 (38%) 9 (100%) 6 (40%) 41 (45%)

5 21 (31%) 0 2 (13%) 23 (25%)

Ultrasound

1 + 2 1 (2%) 3 (60%) 1 (6%) 5 (6%)

3 10 (17%) 0 3 (18%) 13 (16%)

4 48 (81%) 2 (40%) 13 (76%) 63 (78%)

MRI

2 0 2 (50%) 0 2 (5%)

4 18 (56%) 2 (50%) 2 (40%) 22 (54%)

5 14 (44%) 0 3 (60%) 17 (41%)
aCategory 6 lesions were excluded from analysis
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tumors presented as mass lesion (n = 67; 62.6%). MRI
identified 13 out of 15 (86%) multifocal tumors and 10
out of 16 (62%) multicentric tumors.
Correlation of image findings, histology and molecular
subtypes
Table 4 describes the correlation between the assessed BIR-
ADS categories at imaging methods and the histological re-
sults. The 9 lesions that had false-negative results at
mammography (categories 1 and 2) corresponded to inva-
sive carcinomas. All DCIS cases had suspicious findings at
mammography (categories 4 and 5). At ultrasound, 3 out
of the 5 false-negative represented DCIS, and 13 invasive
carcinomas were classified as probably benign (category 3).
At MRI, all invasive carcinomas were characterized as
suspicious at MRI (categories 4 and 5) and the two false-
negative cases corresponded to DCIS.
There was no statistically significant association between

imaging findings and molecular subtypes in the present
study. The correlation between the molecular subtypes
and mass shape at ultrasound showed that round or oval
masses were more common in triple negative subtype
(Fig. 1), while irregular masses were more common in
luminal B subtype, however this difference was not statis-
tically significant (Table 5). The presence of calcifications
at mammography was more common in HER2 subtype
(Fig. 2), while it was less common in triple-negative sub-
type, however this difference was not statistically signifi-
cant (Table 6).

Discussion
The diagnosis of malignant neoplasm of the breast in
women aged under 40 years is sometimes more difficult



Fig. 1 35-year-old women with no special type invasive carcinoma in the left breast, triple-negative molecular subtype, presenting as a round
circumscribed mass with enlarged axillary lymph nodes at mammography a hypoechoic, round circumscribed mass at ultrasound b and
round circumscribed mass with heterogeneous enhancement at magnetic resonance imaging c
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than performed in women of older age. In this age group
malignant lesions are less common, difficult to detect
and can more easily be interpreted as benign lesions. In
the current study, 61% of the patients had negative fam-
ily history of breast or ovarian cancer and 75.6% was
symptomatic at diagnosis, which is consistent with other
studies [9, 10].
Our results showed that mammography can provide es-

sential information on the diagnosis of breast cancer in
women under 40 years. Although mammography trad-
itionally has a lower sensitivity in young patients [11], tech-
nical advances related to the use of digital mammography
enabled a considerable improvement in the mammo-
graphic analysis, especially in dense breasts. Thus, it is
necessary to re-evaluate its value in the assessment of
younger women, especially those with breast symptoms. In
our study, 92% of the mammograms showed positive find-
ings. These results corroborate the literature and confirm
the importance of mammography in patients with symp-
toms or relevant sonographic findings, since this method
can detect the presence of suspicious calcifications, that
sometimes may be associated with probably benign find-
ings at ultrasound, which could delay the diagnosis.
Ultrasonography represented the most common method

used in the initial evaluation of breast lesions in young pa-
tients and was positive in the detection of malignant le-
sions in 96.5% of cases. In our study, the sensitivity of
ultrasound to detect disorders in young breast was slightly
higher than mammography (92.2%). Zadelis and Hous-
sami [12] reported 84% sensitivity in detecting lesions at
Table 5 Correlation between mass shape at ultrasound and
molecular subtypes (n = 92)

Molecular subtypes

Mass shape at
ultrasound

Luminal A
(n = 14)

Luminal B
(n = 48)

HER 2
(n = 10)

Triple-negative
(n = 23)

Round or oval 6(42.9) 10(22.2) 4(40.0) 16(69.6)

Irregular 8(57.1) 35(77.8) 6(60.0) 7(30,4)

p > 0.05
ultrasound, compared to 76% at mammography. However,
Di Nubila et al. [13] also found slightly higher sensitivity
of ultrasound compared to mammography (88.7% vs
84.9%). Despite all these findings, the use of ultrasound as
the initial single method in the evaluation of breasts in
young patients should be made with caution, especially in
those with palpable changes or other breast symptoms, in
whom it should be associated with mammography.
The MRI is especially used as a complementary

method for staging of malignant lesions. This method
has the highest sensitivity to assess the tumor extent and
the detection of multifocal and multicentric disease.
MRI was also able to indicate a greater number of asso-
ciated findings, playing an important role in the locore-
gional staging of breast cancer and its treatment
planning [14–17]. Sardanelli et al. [15], showed that MRI
was more sensitive (81%) compared to mammography
(60%) in the detection of additional tumor foci in non-
fatty breasts. This reinforces the importance of MRI in
the study of young patients, especially those with high-
risk for breast cancer. Kuhl et al. [14] showed that the
sensitivity for detection of breast cancer in high-risk pa-
tients was 33%, 37% and 92%, respectively, for mammog-
raphy, ultrasound and MRI. In the current study, MRI
showed better performance than mammography and
ultrasound in suggesting histologically confirmed multi-
focal and multicentric tumors.
In the group of young women, although the luminal

molecular type is still the most common, there is a
higher prevalence of negative hormone receptor tumors,
such as HER2 and triple-negative molecular subtypes.
Despite there was no statistically significant difference in
the imaging findings of molecular subtypes, we observed
that the presence of calcifications at mammography was
more common in HER2 subtype and oval/round mass at
ultrasound was more common in triple-negative subtype,
which was also described in previous studies [18, 19].
False-negative results were observed in all imaging

methods. Discordance between the assessment of imaging



Fig. 2 32-year-old women with no special type invasive carcinoma in the left breast, Her-2 molecular subtype, associated with ductal carcinoma
in situ (DCIS), presenting as pleomorphic calcifications with segmental distribution at mammography (white circles in a and b), and as hypoechoic
ill-defined area of architectural distortion at ultrasound c
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methods and pathological examination may be related to
the type of tumor and breast density. Young patients with
dense breast can show false-negative results because the
fibroglandular breast tissue may obscure the tumor, espe-
cially for non-calcified carcinomas. At ultrasonography,
false-negative results are associated with non-mass lesions,
such as DCIS and lobular carcinoma, or well-circumscribed
masses, such as triple-negative NST breast carcinoma, mu-
cinous carcinoma and medullary carcinoma. At MRI, false-
negative results are usually associated with low and
intermediate-grade DCIS, which can present only as suspi-
cious calcifications at mammography.
Table 6 Correlation between presence of calcifications at
mammography and molecular subtypes (n = 87)

Presence of
calcifications at
mammography

Molecular subtypes

Luminal A
(n = 13)

Luminal B
(n = 44)

HER 2
(n = 10)

Triple-negative
(n = 20)

Yes 6(46.1) 21(47.7) 7(70.0) 6(30.0)

No 7(53.9) 23(52.3) 3(30.0) 14(70.0)

p > 0.05
This study has the limitations of a retrospective study,
based on information retrieved from non-standard medical
records and imaging exams that were sometimes per-
formed in other diagnostic centers.
Conclusions
This study demonstrated that imaging methods play a
fundamental role in the characterization of cases of breast
cancer diagnosed in patients younger than 40 years. Al-
though ultrasound has presented a slightly superior to
mammography sensitivity, the latter added important in-
formation, especially in the evaluation of DCIS. MRI was
superior to other methods in the evaluation of multifocal
and multicentric lesions. We did not observe statistically
significant differences between the imaging findings and
the molecular subtype of breast cancer in young patients.
The discussion of these findings is essential to alert the
younger population about the importance of the disease
and to the development of effective early diagnosis in
this population.
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