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Abstract

Background: Magnetic resonance imaging (MRI) of the breast represents the most sensitive imaging modality in
the detection of breast cancer, with a reported sensitivity between 94 and 100%. We aim to detect the correlation
between MRI findings and pathologically detected prognostic factors in malignant breast lesions.

Breast parenchymal density distribution, background parenchymal enhancement pattern, lesion’s morphologic
features, T2WI signal characteristics, contrast enhancement, time/signal intensity curves, and lesions localizations in
breast were evaluated using dynamic MRI images. Histopathological diagnosis, maximum measurements of the
lesion, histological grade, presence of estrogen and/or progesterone receptors, c-erb B2, and Ki-67 parameters were
noted as prognostic factors.

Results: We cannot detect any relationship between the breast parenchymal density and prognostic factors. Mild
background breast enhancement is related with ER presence, a good prognostic factor. Histopathological grade of
the lesions augmented with the increase in the lesion diameters. ADC values are not related with prognostic factors.

breast cancer cases.
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Conclusion: A mild background enhancement, an intermediate signal intensity on T2WI, a high tpeak value, and
absence of pathological axillary lymph node are found to be related with good prognostic factors. An irregular
contour, a huge diameter, having a type Il kinetic curve, a high slopei value, and presence of pathological axillary
lymph node are found to be related with poor prognostic factors. MRI can be used to predict prognostic factors in

Background

Breast cancer, being the most frequent cancer in females,
is an important problem. Mammography and ultrasonog-
raphy (US) can be insufficient in evaluating lesions behav-
iors, multicentricity, and distinction of residue tumor-
granulation tissue and after treatment follow-up. In these
situations, magnetic resonance imaging (MRI) becomes an
important tool in routine imaging [1-3].

MRI of the breast represents the most sensitive im-
aging modality in the detection of breast cancer, with a
reported sensitivity between 94 and 100% [1]. In the last
decades, in order to increase the specificity of breast
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MRI in describing lesions, diffusion-weighted images
(DWI) are added into the classical conventional and
dynamic MRI sequences.

Especially in the past two decades, advances in the
diagnosis and treatment of breast cancer decreased the
mortality rates. Prognostic factors have been gaining an
increasing importance in directing the type of treatment.
Recently, seeing the fact that there is an increasing rate
of relapse especially in patients who do not have an axil-
lary metastatic lymph node, researchers began to study
on minor deterministic findings, called secondary prog-
nostic factors [4].

In this study, we aim to detect the correlation between
MRI findings and pathologically detected prognostic fac-
tors in malignant breast lesions.
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Methods

Patient population

This retrospective study involved a total 59 patients who
had both a dynamic contrast-enhanced breast MRI and
pathologically confirmed diagnosis between 30 and 76
years of age. The study protocol was approved by the In-
stitutional Ethics Committee.

Breast MRI technique and interpretation

Lesion characteristics were classified according to Breast
Imaging Reporting and Data System (BI-RADS). When a
patient had more than one lesion, the biggest one was
preferred for the evaluation. Dynamic contrast-enhanced
and diffusion-weighted MRI were evaluated by two
radiologists.

Breast MRI examinations were performed with a 1.5-T
whole-body imaging system (Signa Excite, GE Health-
care, Milwaukee, WI, USA). The patients were scanned
in the prone position with the breast suspended in a
four-channel breast coil. Pre-contrast transverse acquisi-
tions were performed using a T1-weighted fast spin echo
sequence and transverse T2 -weighted fast spin echo
short-tau inversion recovery (STIR) imaging, pre-contrast
sagittal acquisitions were performed using a T2-weighted
fast spin echo sequence imaging with fat suppression.
DWI were acquired with fat saturation using axial echo
planar imaging (EPI) sequences at b-1000s/mm” before
contrast administration. Sagittal pre- and post-contrast
dynamic imaging was performed using a 3D multi-phase
fast gradient echo pulse sequence called VIBRANT. Add-
itionally, transverse post-contrast T1-weighted images
were acquired using the fast spoiled gradient-recalled-
echo sequence in the same manner as it was used to ac-
quire the pre-contrast images, without a change in the pa-
tient’s position. Subtraction images were created. The
patients were given a bolus intravenous injection of gado-
linium contrast (0.2 mmol/kg). Both morphological fea-
tures and kinetic characteristics of the lesions were
examined.

Breast parenchymal density distribution, background
parenchymal enhancement pattern, lesion’s morphologic
features, T2W1I signal characteristics, contrast enhance-
ment characteristics, time/signal intensity curves, and
lesions localizations in breast were evaluated using dy-
namic MRI images.

Contrast enhancement ratio (CER) was calculated in
two different times for all lesions. For the lesions who
had type II or III kinetic curve, first measurement was
performed when the lesion showed maximum contrast
enhancement. For type I kinetic curve lesions, first
measurement was performed via first images with con-
trast enhancement. Second measurements were per-
formed at the maximal phase of wash-out if the lesion
has type III kinetic curve. For the lesions with a type I or
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II kinetic curve; second measurement were performed
by using the last images with contrast enhancement.
Then, initial slope value was calculated with the follow-
ing formula:

CERpeak

Slopei =
opet tpeak

CERpeak = Maximum contrast enhancement value

tpeak = Time to reach maximum contrast enhance-
ment value

Contrast enhancement ratio was calculated with fol-
lowing formula:

SI (post) - SI (pre)
SI (pre)

CER = x 100

CER = Contrast enhancement ratio

SI (pre) = Basic signal intensity

SI (post) = Signal intensity after contrast enhancement
at a specific time.

Mean contrast enhancement ratio and apparent diffu-
sion coefficient (ADC) values were measured by exclud-
ing the cystic-necrotic areas and using a ROI as large as
possible. Measurements were repeated three times to
obtain a mean value.

Histopathological diagnosis, maximum measurements
of the lesion, histological grade, presence of estrogen
and/or progesterone receptors, c-erb B2, and Ki-67 pa-
rameters were noted as histological/immunohistochemi-
cal prognostic factors.

Statistical methods

Statistical analyses were performed using IBM SPSS Sta-
tistics 21. Continuous parameters were presented as
mean + standard deviation and skewed continuous pa-
rameters were performed by Mann-Whitney U test.
Kruskal-Wallis test was used to compare between more
than two groups. For the different values obtained from
Kruskal-Wallis test, Conover test of variances was used.
Categorical data were presented as frequencies and per-
centages and were compared using Fisher exact or chi-
square tests where appropriate.

A two-tailed p < 0.05 was considered statistically sig-
nificant. A p value between 0.1 and 0.05 was considered
as a weak proof for a relationship/difference between an-
alyzed factors.

Results
Fifty-nine women, between the ages of 30 and 76 (me-
dian 51, mean 51.25) were included into the current
study.

The breast parenchyma density and parenchyma en-
hancement pattern of the patients are shown in Table 1.
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Table 1 The breast parenchyma density and parenchymal
enhancement pattern of the patients

Parenchymal Enhancement pattern
density — -

Minimal Mild Moderate Strong
Type A 5 0 0 5
Type B 18 0 0 18
Type C 18 11 2 31
Type D 2 1 2 5
TOTAL 43 12 4 59

The diameters of the lesions were measured between
7 mm and 90 mm (mean 25.59, median 20 mm).

Thirty-three of 59 (56%) lesions were located at right
breast, and 26/59 (44%) were located at left breast. Four
of 59 (6.8%) lesions were bilateral. Forty-one of 59
(69.4%) lesions were unifocal, 8/59 (13.6%) lesions were
multifocal, and 6/59 (10.2%) lesions were multifocal and
multicentric. Table 2 shows the distribution of patho-
logical diagnosis of all lesions.

Fifty-one of 59 (86. 4%) lesions were presented as en-
hancing masses (47 irregular shaped, 4 oval shaped;
none of them was round). Four oval shaped lesions were
diagnosed as 2/4 invasive ductal carcinoma (IDC), 1/4
tubular carcinoma (TC), and 1/4 ductal carcinoma in
situ (DCIS).

There were four non mass-like enhancement, diag-
nosed as 2/4 DCIS, 1/4 TC, and 1/4 invasive cribriform
carcinoma.

Signal characteristics and kinetic curve types of the le-
sions are shown in Table 3.

Primary CERs of the lesions (CER1) vary between
23.11 and 245.28, mean 118.23 (median 122.27). Second-
ary CERs (CER2) vary between 18.58 and 191.1, mean
99.27 (median 101.29). Tpeak values changes between
50 and 250s, mean 89.831 (median 50 s). Slopei values
vary between 0.2349 and 4.9256, mean 1.7365 (median
1.4929). We had only 43 patients’ DWI images and ADC
maps. ADC values of these patients vary between 0.138
x 1072 and 1.88 x 107> mm/s, mean 0.846 x 107> mm/s
(median 0.806 x 107> mm/s).

Table 2 The distribution of pathological diagnosis

Pathological diagnosis Number Percent Total
Ductal carcinoma in situ 5 85

Invasive ductal carcinoma 43 72.8

Invasive lobular carcinoma 4 6.8

Tubular carcinoma 3 5.1 59
Mucinous carcinoma 2 34

Invasive cribriform carcinoma 1 17

Neuroendocrine carcinoma 1 1.7
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Twenty-one of 59 (35.5%) patients had pathologically
confirmed axillary lymph nodes on MR images; 38/50
(64.5%) patients did not have any pathological axillary
lymph node.

Estrogen receptor (ER), progesterone receptor (PR),
and c-erb B2 amplification characteristics of lesions are
shown in Table 4. Ki-67 proliferation index was evalu-
ated in 24 lesions; 13/24 had high and 11/24 had low
index.

We cannot detect any relationship between the breast
parenchymal density and prognostic factors. Mild back-
ground breast enhancement is related with ER presence,
a good prognostic factor.

There is a weak relationship between an irregular
shape and high Ki-67 index, a poor diagnostic factor (p
= 0.096) (Figs. 1 and 2). A weak relationship was also de-
tected between intermediate signal intensity on T2WIs
and not-augmented c-erb B2, a good prognostic factor
(p = 0.092). Histopathological grade of the lesions aug-
mented with the increase in the lesion diameters. In
addition, lesions’ diameter has a negative correlation
with absence of PR and ER, poor prognostic factors (p =
0.056).

Type III kinetic curve is significantly related with a
high Ki-67 index, a poor prognostic factor (Fig. 3). There
is a weak relationship between a high tpeak value and
not-augmented c-erb B2, a good prognostic factor (p =
0.053). Another week relationships detected between slo-
pei values and ER absence, a poor diagnostic factor (p =
0.090).

ADC values are not related with prognostic factors.

Presence of axillary pathological lymph nodes is re-
lated with a high Ki-67 index and high histopathological
grade. There is weak relationship between axillary patho-
logical lymph node presence and early diagnosis age, a
poor diagnostic factor (p = 0.055).

Absence of axillary pathological lymph nodes is related
with good prognostic factors, presence of ER and PR.

Discussion
Dynamic breast MRI became an important tool for diag-
nosing and grading breast cancer. With the help of con-
trast medium not only morphology of the cancer but
also its functional characteristics can be showed [5]. The
potential relationship between MRI characteristics and
prognostic factors is discussed by some researchers;
however, there are controversial results because of dif-
ferent MRI techniques and evaluating criteria [6].
According to current data a mild background breast
enhancement is related with ER presence, a good prog-
nostic marker. Also, another current study stated that
mild background parenchymal enhancement predicts
good prognosis, and it is related with a negative HER2
expression. This condition might be the consequence of
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Table 3 Signal characteristics and kinetic curve types of the lesions

T2WI signal Contrast-enhanced images Kinetic curve type

Hypointense Intermediate Hypointense Homogeneous Heterogeneous Peripheral Type 1 Type 2 Type 3
11, 186% 40, 67.8% 8, 13.6% 15, 254% 34, 57.6% 10, 17% 4, 6.8% 7,11.9% 48, 81.3%

rarity of angiogenic-inflammatory factors in less aggres-
sive ER-positive lesions [7, 8]. In line with the literature,
we defined a positive correlation with mild parenchymal
enhancement and ER presence/good prognosis.

There are controversial studies about lesions’ shape
and prognostic factors especially histological grade.
Shapes of the lesions on MRI were stated to be related
with histopathological grade and Ki-67 values in one
study; however, this relationship cannot be confirmed by
other studies [6, 9, 10]. According to our results, irregu-
lar lesion shape is weakly related with a high Ki-67
index, but there is no relationship between lesion shape
and histological grade.

T2* values were considered to be an imaging bio-
marker related with prognosis in breast, prostate, and
head/neck cancer [11]. Partially similar with the litera-
ture, we found that intermediate signal intensity on
T2WI was correlated with non-augmented c-erb B2 sta-
tus/good prognosis.

Peripherally contrast enhancement is described as a
poor prognostic factor in the literature, it is found to be
related with ER absence, high histological grade, and
high Ki-67 index [6, 12]. Also, a high contrast enhance-
ment ratio was found to be related with a higher Ki-67
index and a worse prognosis [13]. However, there is an
another study saying contrast enhancement pattern is
not related with prognostic factors [14]. In our study, we
cannot detect any relationship between contrast en-
hancement pattern and prognostic factors.

We found a relationship between a type III kinetic
curve and a high Ki-67 index, consistent with the litera-
ture [6, 12, 14, 15]. We cannot detect any relationship

Table 4 Estrogen receptor (ER), progesterone receptor (PR), and
c-erb B2 amplification characteristics of the lesions

Pathological diagnosis ER PR c-erb B2
+ - + - + -
Ductal carcinoma in situ 5 0 4 1 3 2
Invasive ductal carcinoma 33 10 23 20 24 19
Invasive lobular carcinoma 4 0 3 1 1 3
Tubular carcinoma 2 1 2 1 2 1
Mucinous carcinoma 2 0 1 1 1 1
Invasive cribriform carcinoma 1 0 1 0 1 0
Neuroendocrine carcinoma 0 1 0 1 0 1
Total 47 12 34 25 32 27

between kinetic curve type and histopathological grade,
ER presence/absence, similar to the literature [15, 16].
Contrarily to the literature, we found that kinetic curve
is not related with c-erb B2 levels [16]. This situation
can be explained by the minority of our population with
a c-erb B2 data.

We cannot show any relationship between lesions’ di-
ameters and kinetic curves. We also showed that a
greater diameter is related with PR and ER absence. Our
results are consistent with the literature [17]. Also, in
the literature, it is stated that an augmented c-erb B2
causes the lesions to be greater in diameter, but we can-
not show such a relationship [16].

In English literature, most of the studies found no re-
lationship between CER and prognostic factors [18—22];
on the other hand, a more recent study defined a signifi-
cant relationship with a high CER and high Ki-67 index
[13]. In our study, we cannot demonstrate any relation-
ship between CER and prognostic factors, in line with
most of the previous studies.

Some studies showed that a high CER is related with
the presence of an axillary pathological lymph node [19,
23], but we cannot find such a relationship in our study.

A low tpeak value is found to be related with some
poor prognostic factors such as high histopathological
grade, an augmented c-erb B2, ER absence, and a high
Ki-67 index [6, 12, 24]. Also, maximum enhancement
was found to be related with higher Ki-67 index [25].
We found a weak correlation between a low tpeak value
and an augmented c-erb B2, but no relationship was
found for other prognostic factors.

There are studies indicating a positive correlation be-
tween slopei value and histopathological grade, Ki-67
index [12, 25]. We cannot confirm these relationships in
our study.

We found a relationship between the presence of axil-
lary pathological lymph node and bigger lesion diameter,
high histopathological grade, and high Ki-67 index, con-
sistent with the literature [26, 27]. Also, absence of axillary
pathological lymph node is found to be related with ER
and PR presence, consistent with the literature [28, 29]. A
weak relationship between axillary pathological lymph
node presence and young patient age was detected. This is
consistent with the readily known fact that early beginning
breast cancers have poor prognosis [30].

Low ADC values were found to be related with the
presence of axillary pathological lymph node in some
studies, but there are also contradictory results [31, 32].
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Fig. 1 52-year-old women, grade | invasive ductal carcinoma, ER (+), PR (=) c-erb B2 (+), high Ki-67 index, and no axillary pathological lymph
node detected on MRI. Breast density is classified as type a on T1WI axial image (a). An irregular shaped lesion, measured 15 mm in diameter, is
seen on sagittal fat-saturated T2WI (b) and sagittal fat-saturated, post-contrast T1WI (c). Kinetic curve of the lesion is type 3 and tyeax value is 100
(d). The lesion is hyperintense on DWI (e) and hypointense on ADC map (f)

Fig. 2 56-year-old women, mucinous carcinoma, ER (+), PR (=) c-erb B2 (=), low Ki-67 index, and no axillary pathological lymph node detected on
MRI. Breast density is classified as type c on T1WI axial image (a). An irregular shaped lesion, measured 35 mm in diameter, is seen on sagittal fat-
saturated T2WI (B) and sagittal fat-saturated, post-contrast TIWI (c). Kinetic curve of the lesion is type 2 and t,eqx Value is 150 s (d). The lesion is
hyperintense on DWI (e) and hypointense on ADC map (f)
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The lesion is hyperintense on DWI (e) and hypointense on ADC map (f)

Fig. 3 54-year-old women, grade Ill neuroendocrine carcinoma, ER (=), PR (=) c-erb B2 (=), high Ki-67 index, and axillary pathological lymph node
detected on MRI. Breast density is classified as type b on TIWI axial image (a). An irregular shaped lesion, measured 30 mm in diameter, is seen
on sagittal fat-saturated T2WI (b) and sagittal fat-saturated, post-contrast TIWI (c). Kinetic curve of the lesion is type 3 and tpeax value is 100's (d).

ADC values were found to be related with ER-negative
and PR-negative status and a higher Ki-67 index [33, 34].
On the other hand, a recent study found no correlation
between ADC values and ER, PR, and Ki-67 expression
[35]. We cannot define any relationship between ADC
values and histopathological prognostic markers.

Current study has some limitations: first of all the
retrospective nature of the study. Secondarily, ADC
values cannot be found for some of the patients. Also,
we cannot reach the results of every prognostic markers
for all patients, seeing that we cannot evaluate every
prognostic factor in all patients.

Using different MRI devices and protocols cause dif-
ferent results about kinetic curves. This might be the
cause of contradictory results between our study and lit-
erature, and among previous studies. Also there is not a
standardized b value for ADC evaluation; these cause
difficulties in comparing results of different studies.
Twelve of 59 lesions of this study are smaller than 1 cm
in diameter. For these kinds of lesions, 3-T MRI is better
for evaluation. But our images were created by a 1.5-T
MRI device. Insufficiency in patient number is another
limitation. Larger and more homogenous populations
may provide clearer results.

Conclusions

Current study offers extensive information about the re-
lationship between prognostic markers and MRI charac-
teristics of malign breast lesions. A mild background

enhancement, an intermediate signal intensity on T2WI,
a high tpeak value, and absence of pathological axillary
lymph node are found to be related with good prognos-
tic factors. An irregular contour, a huge diameter, having
a type III kinetic curve, a high slopei value, and presence
of pathological axillary lymph node are found to be re-
lated with poor prognostic factors. ADC values are not
related with prognostic factors. MRI can be used to pre-
dict prognostic factors in breast cancer cases.
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