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Abstract 

Aim of study  To assess MRI features of invasive breast cancer in relation to lymphovascular invasion (LVI) and its 
clinicopathological associations.

Methods  This retrospective study included 103 cases of pathologically proven breast cancer who had undergone 
preoperative MRI including conventional study, dynamic contrast-enhanced study (DCE) and diffusion-weighted 
imaging (DWI). Lesions were reviewed and described according to Breast Imaging Reporting and Data System 
(BIRADS) lexicon 2013 edition in addition to other MRI findings including: peritumoral edema, intratumoral high T2 
signal intensity, tumor apparent diffusion coefficient (ADC) value, peritumoral ADC value, and peritumor–tumor ADC 
ratio. Histopathological and immunohistochemical analysis was done. Presence or absence of lymphovascular inva-
sion (LVI) on postoperative histopathology was assessed. Statistical analyses were performed to identify significant 
MRI findings found with LVI as well as its clinicopathological associations.

Results  Higher T-stage of the tumor (p < 0.0001), tumor histologic grade (p < 0.0001), molecular subtype (negative 
hormonal and positive HER2 status), high Ki-67 proliferation index (p < 0.0001), peritumoral edema (p < 0.001), intra-
tumoral high T2 signal intensity (p < 0.001) were significantly associated with LVI. The tumor ADC value (p = 0.034), 
peritumoral ADC value (p < 0.001), and peritumor–tumor ADC ratio (p < 0.001) had significant correlation with LVI. 
Prediction of LVI can be made using cutoff value for peritumoral ADC (> 1.5) and peritumor/tumor ADC ratio (> 1.9) 
(p < 0.001).

Conclusions  We found that lymphovascular invasion was more common in HER2-positive molecular subtypes 
and high-grade invasive tumors. T2-weighted imaging was helpful in detecting peritumoral edema and intratumoral 
high T2 signal which is strongly associated with lymphovascular invasion. Peritumoral ADC value and peritumor–
tumor ADC ratio can be predictive MRI findings for LVI. This can impact management plans and patient prognosis 
especially in node-negative invasive breast cancer cases.

Keywords  Invasive breast cancer, Magnetic resonance imaging (MRI), Lymphovascular invasion, Apparent diffusion 
coefficient (ADC)

Background
Breast cancer is considered one of the most prevalent 
malignancies in females worldwide [1]. Management of 
breast cancer is a complex process that requires mul-
tidisciplinary cooperation to achieve optimal outcome 
[2]. Breast cancer stage has been an essential factor to 
determine prognosis and management strategies; how-
ever, it is recently influenced by advanced pathological 
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tools that impact the treatment plan [3]. Pathologists 
can accurately identify the histopathological type, tumor 
histologic grade, and now the immunohistochemical bio-
markers with the molecular subtype depending on estro-
gen receptor (ER), progesterone receptor (PR), human 
epidermal growth factor 2 (HER2), and proliferation 
index (Ki-67) [4].

Lymphovascular invasion (LVI) is the presence of 
malignant infiltrates in lymphatic and vascular spaces at 
perilesional region of an invasive cancer [5]. The presence 
of LVI increases the incidence of local recurrence, nodal 
and distant metastases [6, 7], and in addition, it acts as an 
independent factor in breast cancer patients with nega-
tive axillary lymphadenopathy [8]. Lymphovascular inva-
sion (LVI) is currently evaluated on the postoperative 
specimen containing the excised malignant lesion with 
the surrounding breast tissue, which is challenging to 
evaluate in trucut biopsy as it is targeted to the malignant 
lesion only [9]. This highlights the value of preoperative 
imaging to show specific features related to LVI, which 
impacts the prognosis by predicting lymph node (LN) 
metastasis and consequently the treatment options [10].

Recent studies have focused on magnetic resonance 
imaging (MRI) findings in correlation with LVI [11–13]. 
Shi et  al. [12] studied the margins of mass lesions, dif-
fusion-weighted imaging signal, and dynamic curves in 
relation to LVI. Cheon et  al. [13] included peritumoral 
edema in their analysis. However, some factors were dis-
cordant in these studies due to lack of more generalized 
data [11–13].

Diffusion-weighted imaging (DWI) is an MRI sequence 
depending on disparity of the water molecules Brownian 
motion within the tissue voxel [14]. The apparent diffu-
sion coefficient (ADC) measures water diffusivity within 
the region of concern [14]. DWI and the ADC are pow-
erful tools that can differentiate benign and malignant 
pathology [15]. Some previous studies revealed the ben-
efit of ADC value as a reflection of tumor aggressiveness 
expressed as higher Ki-67 proliferation index (16]. More-
over, reduced ADC value within the tumor in the pres-
ence of LVI was reported in recent retrospective studies 
[17, 18]. This can be explained by the fact that the greater 
the cell turnover, the less the water molecules diffusivity 
in the tumor tissue and consequently lower ADC values 
[9]. Peritumor–tumor ADC ratio has been proposed to 
be a sensitive tool that could assess lymphedema associ-
ated with LVI, thus adding a value to peritumoral edema 
on T2-weighted imaging [9, 19].

However, some discordance in results of previous 
studies has been found that can be attributed to being 
retrospective. Another factor is the analysis of certain 
MRI parameters irrespective of other features in dif-
ferent imaging techniques (namely DWI). Thus, more 

comprehensive studies using various MRI techniques are 
needed to accurately define imaging features that could 
predict LVI in conjugation with other clinicopathological 
factors.

The aim of the current study was to determine the cor-
relation between different MRI findings and lymphovas-
cular invasion in patients with malignant invasive breast 
lesions and its clinicopathological associations. Identi-
fication of radiological features that could predict LVI 
could be beneficial to determine if additional treatment 
options are needed.

Materials and methods
Patients
This retrospective study included 103 cases of invasive 
breast cancer who underwent preoperative MRI from 
July 2024 to July 2025 in MRI unit at Radiology Depart-
ment of Mansoura University Hospitals, followed by 
curative surgery either conservative breast surgery or 
mastectomy. Ethics approval was obtained by Man-
soura Faculty of Medicine Institutional Research Board 
(approval number: R.25.07.3261). Informed consent was 
waived because this was a retrospective, anonymized 
study. Data collection and analysis were done through 
Picture Archiving and Communication System (PACS) 
in our institute. Inclusion criteria were newly diagnosed 
invasive breast cancer cases followed by surgery with 
histopathological and immunohistochemical evaluation 
of postoperative specimen, who underwent preopera-
tive MRI with visible breast masses in their scan. Patients 
who received neoadjuvant chemotherapy and those with 
no provided immunohistochemical data were excluded 
from our study.

MRI acquisition
MRI was performed using commercially available 1.5 
Tesla MRI machine (Philips Ingenia, Best, Netherlands) 
in prone position using a dedicated 16-channel breast 
coil. Conventional MRI study was done including a local-
izing sequence in sagittal plane followed by an axial 
TIWI without fat suppression using fast spin echo (FSE) 
(Repetition time (TR)/echo time (TE) 450  ms/14  ms, 
slice thickness 3 mm, field of view 300–360 mm). Axial 
T2-weighted sequence was obtained using FSE (Rep-
etition time (TR)/echo time (TE) 2000  ms/80  ms, slice 
thickness 3  mm, field of view 300–360  mm) obtaining 
axial T2WI without fat suppression. Short TI inversion 
recovery (STIR) was performed (Repetition time (TR)/
echo time (TE) 7000–9000  ms/70  ms, inversion time 
(TI) 150 ms, slice thickness 3–4 mm with inter-slice gap 
1  mm, field of view 300–360  mm). Diffusion-weighted 
imaging (DWI) in axial plane was performed before 
contrast injection using single-shot echo-planar with 
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tri-directional diffusion gradients with b values at 0, 500, 
and 1000 mm2/sec (slice thickness 4 mm, inter-slice gap 
1 mm, 300–360 mm FOV, and 128 × 256 matrix) was used 
for all images. ADC maps were generated automatically 
using b values of 0, 500 and 1000  s/mm2. Gadobenate 
dimeglumine (gadolinium) was injected at a dose of 
0.1 mmol/kg of body weight to obtain contrast-enhanced 
images with axial T1-weighted (T1W) three-dimensional 
(3D) fat-suppressed fast spoiled gradient-echo sequence 
(Repetition time (TR)/echo time (TE) 4–8  ms/2  ms, 
flip angle 20–25 degrees, slice thickness 3  mm with no 
inter-slice gap, field of view 300–360  mm and matrix 
384 × 384), fat suppression was done by applying fat-satu-
rated pulse. This was performed one time before and five 
times after contrast injection each of them took about 
1.15  min for acquisition of dynamic contrast-enhanced 
MRI (DCE-MRI) images.

Image analysis
The morphological criteria and enhancement of the 
lesions on MRI were assessed by a breast radiolo-
gist (with 9  years of experience) blinded to patients’ 
pathological data. The largest diameter of the lesion 
in the early T1W images was measured. Breast Imag-
ing Reporting and Data System (BIRADS) MRI lexi-
con [20] was used for lesion interpretation including 
mass and non-mass enhancement, and masses were 
described according to shape (oval, round, irregu-
lar), margin (circumscribed, irregular, spiculated), and 
internal enhancement characteristics (homogeneous, 
heterogeneous, rim enhancement). Non-mass enhance-
ment was described according to distribution (focal, 
linear, segmental, regional, multiple regions, diffuse) 
and internal enhancement characteristics (homogene-
ous, heterogeneous, clumped, clustered ring). Tumor 
enhancement dynamics were evaluated visually as fol-
lows: type 1 curve (progressive enhancement pattern), 
type 2 curve (plateau pattern), and type 3 curve (wash-
out pattern). Intratumoral high signal intensity on T2W 
images was evaluated by comparing it to signal inten-
sity of normal breast parenchyma primarily on T2W 
image (in addition to STIR images), and interpreted as 
very high (when similar to water or vessels), high (when 
higher than normal parenchyma), and low (lower than 
normal parenchyma). Peritumoral edema was evaluated 
in T2W and STIR images and assigned as present when 
there was increased signal around the lesion. The ADC 
values of the tumor and peritumoral tissue were meas-
ured by ROIs placed on the ADC maps manually and 
calculated by MRI software. Axial ADC maps in the 
single section showing the maximum diameter of the 
tumor were chosen for placing ROI. An oval or round 
ROI as large as possible was placed inside the tumor 

on the basis of previous study revealing that the mean 
value of the largest round or oval ROI inside the tumor 
correlated with a Ki-67 index [16]. Multiple ROIs (at 
least three) were applied within the tumor. Cystic or 
necrotic areas were avoided while placing ROIs with 
reference to T2 and dynamic contrast-enhanced imag-
ing. The lowest ADC value among the three mean 
tumor ADC values from multiple ROIs was accepted 
as tumor ADC value based on the inverse relationship 
between proliferation of tumor cells and ADC values 
[17]. For the peritumoral ADC value, ROIs were manu-
ally placed within 2  cm from the border between the 
tumor and the normal breast parenchyma in almost 
the same section of the tumor ADC measurement, tak-
ing almost same ROI size among cases. Three meas-
urements at least were taken, and the maximum value 
among the three maximum peritumoral ADC values 
was accepted as peritumoral ADC value attributed to 
the presence of lymphedema with LVI [16].

The peritumor–tumor ADC ratio was calculated using 
the following formula [16]:

Pathological evaluation
Pathological reports from postoperative surgical speci-
men (including excisional biopsy, conservative breast 
surgery and mastectomy) were reviewed by a breast 
pathologist (with 10  years of experience). Histological 
analysis was done including tumor histologic type, his-
tologic grading and invasive tumor size. Immunohisto-
chemical staining was performed to assess status of ER, 
PR, HER2, and Ki-67 index. ER and PR expression were 
calculated using the Allred scoring system and were 
considered as positive for ER or PR with a total Allred 
score > 2 [21]. The intensity of HER2 staining was scored 
as 0, 1 +, 2 +, or 3 +. Masses having score of 3 + were 
assigned as HER2-positive, while those with a score of 0 
or 1 + were considered negative. Score 2 + was described 
as equivocal which needed another testing with fluo-
rescence in  situ hybridization (FISH). Ki-67 expression 
was recorded as the percentage of tumor epithelial cells 
evaluated on immunohistochemical assay where Ki-67 
level of 14% or less was considered as low Ki-67 index, 
while Ki-67 level higher than 14% was considered as high 
Ki-67 index. Molecular subtyping was done for malig-
nant breast lesions. LVI was evaluated by hematoxylin-
and-eosin-stained sections when malignant cells are 

Peritumoral−tumor ADC ratio

= peritumoral maximum ADC value

/tumor mean ADC value
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present in an endothelial-lined space in the perilesional 
parenchyma.

Statistical analysis
Data were entered and analyzed using IBM SPSS soft-
ware (IBM Corp. Released 2020. IBM SPSS Statistics for 
Windows, Version 27.0. Armonk, NY: IBM Corp), and 
MedCalc® Statistical Software version 23.1.5 (MedCalc 
Software Ltd, Ostend, Belgium; 2025). Diagnostic perfor-
mance was analyzed using an online calculator [https://​
www.​dcode.​fr/​confu​sion-​matrix]. Qualitative data were 
expressed as count (N) and percentage (%). Quantita-
tive data were initially tested for normality using Shap-
iro–Wilk’s test (normally distributed data has p > 0.050) 
and Q–Q plots. Detection of significant outliers was 
done by inspecting boxplots. Quantitative data were 
expressed as median, Q1 (25th percentile), and Q3 (75th 
percentile). The Chi-square test, Fisher’s exact test, and 
Fisher–Freeman–Halton exact test were used to exam-
ine the association between two categorical variables 
when appropriate. Comparison of a quantitative variable 
between two groups was done by Mann–Whitney U test. 
Binary logistic regression (univariable and multivariable) 
was used to ascertain the effects of predictor variables on 
the likelihood that participants will exhibit lymphovas-
cular invasion (LVI). For simplicity and convenience, a 
cutoff value for each quantitative predictor variable was 
created by ROC curve analysis. For any of the tests used, 
results were considered as statistically significant if p 
value ≤ 0.050. Graphical representation of the results was 
performed using the relevant charts if required.

Results
Patients:
The mean age within the study was 47  years (range, 
27–69  years). Most of the lesions were invasive duct 
carcinoma (94/103, 91.3%). The commonest molecular 
subtype was luminal B (57/103, 55.3%), and moderate 
differentiation was the most common histologic grade 
(51/103, 59.2%). Histopathological examination revealed 
patients with (n = 33) and without LVI (n = 70) among the 
103 lesions.

LVI vs. clinicopathological features
Studying LVI in relation to clinicopathological data 
(Table  1), there was a statistically significant differ-
ence in T-stage, histologic grade, molecular subtype, 
hormone status, HER2 status, and Ki-67 status in cor-
relation with LVI. Regarding T-stage, the test of sig-
nificance is the Chi-square test, multiple z-tests were 
conducted and revealed that T1 tumors were more 
in negative LVI group while T3 tumors were more in 

positive LVI group. Regarding histological grade, the 
test of significance is Fisher–Freeman–Halton exact 
test, so dummy variables were created to perform mul-
tiple 2 × 2 Fisher exact tests which revealed that grades 
I and II were more with negative LVI while grade III 
was more with positive LVI. Regarding molecular 
subtype, the test of significance is Fisher–Freeman–
Halton exact test, so, dummy variables were created 
to perform multiple 2 × 2 Fisher exact tests which 
revealed that luminal A was more in negative LVI cases 
while HER2-enriched was more in positive LVI ones. 
Both ER- and PR-positive tumors were more in nega-
tive LVI group while positive HER2 and high Ki-67 
tumors were found more in positive LVI group.

LVI vs. MRI features
In this study, the mass and non-mass enhancement char-
acteristics on DCE-MRI as well as the time signal inten-
sity curve data showed no significant correlation with 

Table 1  Clinicopathological characteristics of patients according 
to lymphovascular invasion status

Notes: Sig. = statistical significance (p value). Categorical data are N (%) and are 
compared by Chi-square test, Fisher’s Exact Test, or Fisher–Freeman–Halton 
exact test when appropriate. Multiple z-tests are denoted by small letters 
(different letters = statistically significant difference)

Characteristic Lymphovascular invasion (LVI) Sig

Negative Positive

N % N %

Histologic type
Invasive duct carcinoma
Invasive lobular carcinoma

64
6

91.4
8.6

30
3

90.9
9.1

1.000

Histologic grade
Low
Moderate
High

15
53
2

21.4
75.7
2.9

0
8
25

0
24.2
75.8

< .001

Molecular subtype
Luminal A
Luminal B
HER2-enriched
Triple negative

32
35
3
0

45.7
50
4.3
0

0
22
8
3

0
66.7
24.2
9.1

< .001

ER status
Positive
Negative

67
3

95.7
4.3

22
11

66.7
33.3

< .001

PR status
Positive
Negative

62
8

88.6
11.4

20
13

60.6
39.4

.001

HER2 status
Positive
Negative

17
53

24.3
75.7

16
17

48.5
51.5

.014

Ki-67 status
Low (< 15%)
High (> 15%)

54
16

77.1
22.9

1
32

3
97

< .001

T-stage
T1
T2
T3

18 a
47 a
5 a

25.7
67.1
7.1

2 b
19 a
12 b

6.1
57.6
36.4

< .001

https://www.dcode.fr/confusion-matrix
https://www.dcode.fr/confusion-matrix
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LVI; however, MRI findings on T2WI including peritu-
moral edema and intratumoral high T2 signal had sig-
nificant associations with LVI (Table 2). For the positive 

LVI group there was peritumoral edema (Fig. 1), while in 
the negative LVI group there was no peritumoral edema 

Table 2  MRI features and lymphovascular invasion status

Notes: Sig. = statistical significance (p value). Categorical data are N (%) and compared by Chi-square test, Fisher’s Exact Test, or Fisher–Freeman–Halton Exact Test 
when appropriate. Multiple z-tests are small letters (different letters = statistically significant difference). Quantitative data are median and Q1 [25th percentile]–Q3 
[75th percentile] and compared by Mann–Whitney U test

Characteristic Lymphovascular invasion (LVI) Sig

Negative Positive

N % N %

Amount of fibroglandular tissue (FGT)
Scattered
Heterogeneous
Extreme

6
62
2

8.6
88.6
2.9

8
24
1

24.2
72.7
3

.089

Background parenchymal enhancement (BPE)
Minimal
Mild
Moderate
Marked

2
47
20
1

2.9
67.1
28.6
1.4

5
22
5
1

15.2
66.7
15.2
3

.056

Lesion morphology
Mass
NME

49
21

70
30

22
11

66.7
33.3

.733

Mass shape
Round
Irregular

3
46

6.1
93.3

4
18

18.2
81.8

.192

Mass margin
Circumscribed
Irregular
Spiculated

1
38
10

2
77.6
20.4

3
15
4

13.6
68.2
18.2

.176

Mass internal enhancement
Heterogeneous
Rim

45
4

91.8
8.2

20
2

90.9
9.1

1.000

NME distribution
Linear
Segmental
Regional

1
16
4

4.8
76.2
19

0
5
6

0
45.5
54.5

.106

NME internal enhancement
Heterogeneous
Clumped

18
3

85.7
14.3

9
2

81.8
18.2

1.000

Kinetic curve type
Plateau
Washout

36
34

51.5
48.6

12
21

36.4
63.6

.153

Peritumoral edema 4 5.7 28 84.8 < .001

Intratumoral high T2 signal 2 2.9 17 51.5 < .001

Tumor ADC value
 > 0.8
 ≤ 0.8

43
27

61.4
38.6

14
19

42.4
57.6

.070

Peritumoral ADC value
 ≤ 1.5
 > 1.5

56
14

80
20

7
26

21.2
78.8

< .001

Peritumor/Tumor ADC ratio
 ≤ 1.9
 > 1.9

67
3

95.7
4.3

8
25

24.2
75.8

< .001

Median Q1-Q3 Median Q1-Q3 Sig

Tumor ADC value 0.9 0.8–1.0 0.8 0.7–0.9 .034

Peritumoral ADC value 1.3 1.2–1.5 1.9 1.6–2.3 < .001

Peritumor/Tumor ADC ratio 1.5 1.4–1.7 2.3 1.9–2.7 < .001
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(Fig. 2). A high intratumoral T2W signal was more com-
mon in positive LVI group (Fig. 1).

In terms of LVI and DWI (Table 3), peritumoral ADC 
value > 1.5 and peritumor/Tumor ADC ratio > 1.9 were 
found with positive LVI. Regarding numerical data, lower 
tumor ADC value and higher peritumoral ADC value and 
peritumor/Tumor ADC ratio were associated with posi-
tive LVI. The AUC for the tumor ADC value was 0.626 
(Fig. 3), the peritumor ADC value was 0.853 (Fig. 4), and 
for the peritumor–tumor ADC ratio was 0.842 (Fig.  5). 
Tumor ADC value (× 10–3 mm2/s) ≤ 0.8, Peritumoral 
ADC value (× 10–3 mm2/s) > 1.5, and Peritumor/tumor 
ADC ratio > 1.9 were statistically significant diagnostic 
tests for LVI, with an overall accuracy of 60.2, 79.6, and 
89.3, respectively.

The results of binary logistic regression (Table  4) 
which was run to ascertain the effects of tumor ADC 
value ≤ 0.8, peritumoral ADC value > 1.5, peritu-
mor/tumor ADC ratio > 1.9, peritumoral edema, 

intratumoral high T2 signal intensity, and age < 42 years 
on the likelihood that participants will exhibit LVI. 
These predictors were compared to tumor ADC 
value > 0.8, peritumoral ADC value ≤ 1.5, peritumor/
tumor ADC ratio ≤ 1.9, absence of peritumoral edema, 
absence of intratumoral high T2 signal intensity, and 
age ≥ 42 years as reference categories, respectively.

On univariable analysis, five variables were statisti-
cally significant which are peritumoral ADC value > 1.5, 
peritumor/tumor ADC ratio > 1.9, peritumoral 
edema, intratumoral high T2 signal intensity, and 
age < 42  years. These predictor variables were entered 
in the multivariable logistic regression model.

On multivariable analysis, the model was statistically 
significant (χ2 [5] = 85.11, p < 0.001). The model correctly 
classified 92.2% of cases with 84.8% sensitivity, 95.7% 
specificity, 90.3% PPV, and 93.1% NPV.

Fig. 1  Images of a 37-year-old woman with invasive ductal carcinoma and a lymphovascular invasion. A Axial T2-weighted image shows a 4.2 cm 
mass in her right breast. Intratumoral T2 high signal (asterisk) and peritumoral edema (arrow) are noted. B High signal of the lesion (asterisk) 
is shown in axial diffusion-weighted image (b value = 1000 s/mm2). C Axial ADC map shows low signal intensity of the lesion (asterisk) denoting 
diffusion restriction and higher signal intensity of the region surrounding the mass (arrow). The tumor ADC value was 0.7 (× 10−3 mm2/s), 
the peritumoral ADC value was 2.3 (× 10 −3 mm2/s). The peritumor–tumor ADC ratio was 3.28. D Axial contrast-enhanced T1-weighted image 
demonstrating a round, partially circumscribed heterogeneously enhancing mass in her right breast (asterisk). This patient underwent modified 
radical mastectomy of her right breast. The histopathological features of this mass were poorly differentiated, triple-negative breast cancer, ER-, PR-, 
HER2- and Ki-67 high (70%). Tumor size at final pathologic report was 5.5 cm
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Discussion
Lymphovascular invasion (LVI) is considered as a pre-
dictive factor for axillary lymphadenopathy and distant 
metastasis. Local and systemic recurrence is associated 
with LVI especially in cases with negative nodal status 
[8].

Recent studies were concerned with the relation 
between LVI and various clinicopathological prognostic 
factors of breast cancer, including immunohistochemi-
cal subtype, tumor size, axillary lymph nodes status, and 
histological grade [22]. In the current study, we found a 
significant correlation between LVI and T-stage of the 
tumor, histologic grade, hormone receptor status and 
Ki-67 status. Although these results were discordant with 
Cheon et al. [13] who found no significant correlation of 
these factors with LVI, a meta-analysis done by Shen et al. 
[22] found that the combined results of included stud-
ies indicated that LVI could predict worse outcome for 

invasive breast cancer as it is correlated with the tumor 
size, regional lymph node involvement and histologi-
cal grade. Higher Ki-67 level in LVI-positive cases was 
found by Mounir et  al. [23] which was consistent with 
our results, reflecting the aggressiveness of these tumors.

Regarding DCE-MRI findings of breast cancer in rela-
tion to LVI, some studies have reported associations 
between LVI and certain BIRADS descriptors [19], yet in 
this study we found no correlation between MRI BIRADS 
descriptors for mass or non-mass enhancement lesions 
and LVI. This was in line with Cheon et  al. [13], who 
described that MRI features from BIRADS lexicon did 
not reveal statistically significant association with LVI, 
except for regional enhancement in non-mass enhance-
ment lesions, which was more frequently found in cases 
with positive LVI than in negative LVI cases.

In terms of LVI and MRI features on T2WI, peritu-
moral edema and high intratumoral T2 signal on MRI 

Fig. 2  Images of a 61-year-old woman with invasive ductal carcinoma without lymphovascular invasion. A Axial T2-weighted image shows a 2.3 cm 
mass in her right breast with low-to-intermediate T2 high signal and high STIR signal (arrow). B Axial diffusion-weighted image (b value = 1000 s/
mm2) showing high signal intensity of mass (arrow). C Axial ADC map shows low signal intensity of the lesion (arrow), denoting diffusion restriction. 
The region surrounding the mass is isointense compared to other regions within the breast tissue. The tumor ADC value was 0.8 (× 10−3 mm2/s), 
peritumoral ADC value was 1.4, peritumor–tumor ADC ratio was 1.75. D Axial contrast-enhanced T1-weighted image demonstrating an irregular 
speculated mass with heterogeneous enhancement in her right breast. This patient underwent conservative breast surgery. The histopathological 
features of this mass were moderately differentiated luminal A breast cancer, ER +, PR +, HER2-, and Ki-67 high (20%). Tumor size at final pathologic 
report was 2.5 cm
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were believed to be prognostic factors associated with 
reduced survival due to their association with LVI [24, 
25]. Peritumoral edema occurs due to higher permeability 
of vascular spaces and release of peritumoral cytokines 
[26]. Intratumoral high T2 signal intensity reflects rapid 
turnover of neoplastic cells that outgrow their vascular 
supply, resulting in hypoxia and necrosis mainly affect-
ing the central area of the tumor [27]. In a study by Diet-
zel et  al. [28], central high intratumoral T2 SI within a 

T2-hypointense breast mass is linked to tumor aggres-
siveness that has a high histologic grade and larger tumor 
size, with high Ki-67 value [29]. Intratumoral high T2 
signal and peritumoral edema were found to be associ-
ated with LVI in some recent studies [13, 30]. Our data 
showed that intratumoral high T2 signal on T2WI was 
detected in cases with positive LVI. Peritumoral edema 
was present in the positive LVI group more than in the 
negative LVI group. Similarly, a study by Pamela Sung 

Table 3  ADC parameters in relation to lymphovascular invasion status

Sig. = statistical significance (p value). Categorical data are N (%) and compared by Chi-square test, Fisher’s Exact Test, or Fisher–Freeman–Halton Exact Test when 
appropriate. Multiple z-tests are small letters (different letters = statistically significant difference). Quantitative data are median and Q1 [25th percentile]–Q3 [75th 
percentile] and compared by Mann–Whitney U test

Characteristic Lymphovascular invasion (LVI) Sig

Negative Positive

N % N %

Tumor ADC value .070

 > 0.8 43 61.4 14 42.4

 ≤ 0.8 27 38.6 19 57.6

Peritumoral ADC value  < .001

 ≤ 1.5 56 80 7 21.2

 > 1.5 14 20 26 78.8

Peritumor/Tumor ADC ratio  < .001

 ≤ 1.9 67 95.7 8 24.2

 > 1.9 3 4.3 25 75.8

Median Q1-Q3 Median Q1-Q3 Sig

Tumor ADC value 0.9 0.8–1.0 0.8 0.7–0.9 .034

Peritumoral ADC value 1.3 1.2–1.5 1.9 1.6–2.3 < .001

Peritumor/Tumor ADC ratio 1.5 1.4–1.7 2.3 1.9–2.7 < .001

Fig. 3  ROC curve for Tumor ADC value in discriminating positive 
from negative LVI
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Fig. 4  ROC curve for Peritumor ADC value in discriminating positive 
from negative LVI
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et al. [31] observed that LVI was more frequently found 
in edema-positive group than in edema-negative group 
(57.9% vs. 12.6%, p < 0.001). On the contrary, Choi et al. 
[19] reported no significant correlation between LVI and 
the aforementioned T2 findings. This may be attributed 
to their selection of node-negative patients only.

Many studies have reported that ADC values had sig-
nificant correlations with LVI [17, 32, 33]. Our results 
were in agreement with a retrospective cohort study 
that reported reduced ADC values in cases with LVI 
than those without [34], and also consistent with con-
clusions of another previous study that tumor ADC 
value, peritumor–tumor ADC ratio, lesion size, Ki-67 
index, and axillary lymphadenopathy showed statis-
tically significant difference in relation to LVI [16]. 

Previous reports suggested correlations between the 
tumor ADC value and markers of lesion aggressiveness, 
namely Ki-67 index [35, 36], which is also associated 
with vascular and lymphatic invasion [37]. We were in 
agreement with this in our study, defining the tumor 
ADC value as the lowest of the mean ADC values of the 
tumor.

In the current study, peritumoral ADC values showed 
a significant difference in relation to LVI, where LVI-
positive cases showed higher peritumoral ADC values. 
Choosing the highest of peritumoral maximum ADC 
values as the peritumoral ADC value was based on the 
presence of peritumoral lymphedema caused by LVI, this 
was concordant with Mori et al. [16] who also reported 
a significant difference in peritumoral ADC value in cor-
relation to LVI. When reviewing statistical significance of 
tumor ADC value in comparison with peritumoral ADC 
values in relation to LVI, it was found that the tumor 
ADC value demonstrated relatively moderate discrimina-
tory performance compared with the peritumoral ADC 
value. This could be attributed to the heterogeneity of the 
tumor cells on histological as well as immunohistochemi-
cal basis, resulting in variations in ADC values which is 
sensitive to both pathological profiles. Okuma et al. [38] 
described that high peritumor/tumor ADC ratio reflects 
lesion aggressiveness in terms of size, histologic grade 
and lymph node involvement. They highlighted the value 
of peritumoral–tumoral ADC ratio as a predictive factor 
of LVI and peritumoral edema which is associated with 
disease recurrence [38]. It was observed in this study that 
a higher peritumor/tumor ADC ratio was significantly 
associated with LVI. Aggressive breast cancers were 
found to have higher peritumoral ADC values, reflect-
ing peritumoral edema. Accordingly, peritumoral ADC 
might be used as an objective tool to detect early edema 
before appearance of its morphological findings on DCE-
MRI [39].
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Fig. 5  ROC curve for Peritumor/Tumor ADC ratio in discriminating 
positive from negative LVI

Table 4  Predictors of LVI

Notes: Sig. = statistical significance (p value). COR = crude odds ratio. AOR = adjusted odds ratio. CI = confidence interval

Predictor Univariable Multivariable

Sig COR 95% CI Sig AOR 95% CI

Lower Upper Lower Upper

Tumor ADC value ≤ 0.8 .073 2.16 0.93 5.01

Peritumoral ADC value > 1.5 < .001 14.86 5.36 41.18 .569 .490 .042 5.682

Peritumor/Tumor ADC ratio > 1.9 < .001 69.79 17.1 284.2 .031 18.486 1.315 259.793

Peritumoral edema < .001 92.40 23.1 269.9 < .001 29.166 5.098 166.864

Intratumoral high T2 signal intensity < .001 36.13 7.57 172.4 .127 7.361 .568 95.321

Age < 42 years .007 3.31 1.38 7.94 .327 2.355 .425 13.059
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This study had some limitations; one of them was 
being retrospective one reviewed by single radiologist. 
The results would be more convincing if the MRI data 
could be reviewed by more than one radiologist. This 
was attributed to the need of experienced breast radi-
ologist in breast MRI interpretation for assessment of 
the studied variables, which is considered challenging 
in a single-institute study. One more drawback to the 
single-institute study is the small sample size, which 
impacted on the validity of some results especially in 
multivariate regression model; findings would benefit 
from validation in larger or multi-center cohorts in 
future studies. Another limitation was the reproducibil-
ity of drawing ROIs for ADC measurements especially 
in small tumors.

Conclusions
Some MRI findings can be used as predictors for LVI 
along with other clinicopathological associations. This 
can impact management plans and patient prognosis 
especially in invasive breast cancer cases with negative 
nodal disease.
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