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Introduction

Breast cancer is the most common cancer in women, accounting for 
30% of all new cancer cases and about 15% of total deaths in females, 
according to the latest cancer statistics in (1, 2) and is thus a serious 
threat to the health of women (3). Lymphovascular invasion (LVI) is 

defined as the presence of tumor emboli in lymphatic and vascular 
spaces within the area that surrounds an invasive carcinomas. LVI is 
detected in about 24.3% of patients with breast cancer (4). LVI is a key 
prognostic factor in cases of invasive breast cancer as patients with LVI 
positivity showed a higher rates of distant metastasis and also higher 
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Key Points

• Breast cancer is the most common cancer in women, with lymphovascular invasion detected in about 24.3% of cases, leading to higher metastasis and 
recurrence rates.

• Lymphovascular invasion is confirmed through histopathology, making it hard to detect preoperatively with standard imaging techniques.

• Diffusion-weighted imaging and the apparent diffusion coefficient can provide data on tumor cell density and aggressiveness, potentially predicting
lymphovascular invasion presence.
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local recurrence rates after treatment (5). LVI is also associated with 
high Ki-67 levels. Ki-67 is an important immunohistochemical (IHC) 
marker used for evaluation of invasiveness, the proliferation activity, 
and prognosis in human tumors (6).

As LVI presence is confirmed histopathologically, based on a surgically 
excised specimen that contains the primary tumor and the peritumoral 
breast tissue, it is difficult to detect the presence of LVI by preoperative 
biopsy that contains the primary lesion only. So, preoperative 
multiplanar imaging with magnetic resonance imaging (MRI) of these 
cases may be expected to provide data that can predict the presence 
of LVI (7). Imaging modalities, such as ultrasound, computed 
tomography, and MRI, which is the most commonly used modality, 
cannot identify LVI accurately, because of various anatomical and 
morphological limitations of these modalities (8).

Diffusion-weighted imaging (DWI) is a specific functional MRI 
technique that evaluates the thermal motion of the water molecules 
within the tissue ultrastructure. The apparent diffusion coefficient 
(ADC) is a quantitative assessment parameter of DWI, which provides 
essential data about the density and aggressiveness of tumor cells 
(9, 10). Many earlier studies have discussed the role of the ADC in 
predicting LVI in invasive breast cancer patients with positive sentinel 
lymph nodes (LNs) (11).

The aim of the present study was to evaluate the correlation between 
pre-operative ADC of axillary LNs and the presence of LVI in post-
operative histopathology in patients with invasive breast cancer. A 
further aim was to evaluate any correlation between Ki-67 and LVI.

Materials and Methods

This retrospective study included 100 female patients with single, 
unilateral, invasive breast cancer with positive ipsilateral axillary LNs, 
who underwent preoperative MRI and then breast surgery. Surgery 
was either conservative breast surgery or mastectomy, based on the 
size, and extension of the breast lesion, and axillary LN dissection was 
done in all the study patients. This study was done in the period from 
March 2023 to March 2024.

Ethics approval was approved and obtained by Mansoura Faculty 
of Medicine Institutional Research Board (approval number: 
R.24.04.2598, date: 18.05.2024). Informed consent was waived 
because this was a retrospective, anonymized study. Retrospective data 
were collected and analyzed from existing image archives.

Inclusion Criteria

Patients with unilateral, single, invasive breast cancer and with positive 
ipsilateral axillary LNs were included. Positive ipsilateral axillary LNs 
were confirmed clinically and radiologically. Invasive breast cancer 
patients, that is those with either invasive ductal or invasive lobular 
carcinoma, are characterized by the invasion of breast cancer cells into 
the basement membrane and spread from breast ducts or lobules to 
nearby breast tissue. By definition the breast cancer in these patients 
is no longer ductal carcinoma in situ, but has become an invasive type 
of breast cancer. The invasion and type of breast cancer also the Ki-
67 level were determined on tru-cut needle biopsy from breast lesions 
which were performed in all patients before breast surgery or at the 
start of other types of therapy. Values for Ki-67 were evaluated by the 
histopathologist following recognized protocols for manual counting.

Criteria of molecular subtyping of breast cancer were:

1. Luminal subtype (subdivided into luminal A and luminal B)

Luminal A: human epidermal growth factor receptor 2 (HER2) 
negative [estrogen receptor (ER) positive, progesterone receptor (PR) 
negative/low, HER2 negative, Ki-67 proliferative index high]

Luminal B: HER2 positive (ER positive, PR positive or negative, 
HER2 positive, Ki-67 proliferative index varies)

2. Triple negative subtype (ER negative, PR negative, HER2 negative): 

3. HER2 enriched (HER2 positive; ERBB2 positive): ER negative, PR 
negative, HER2/neu amplified or overexpressed.

The presence or absence of LVI was assessed on post-operative 
histopathological examination for all patients. These histopathological 
data were the “gold standard” to correlate the radiological data by.

Exclusion Criteria

Patients were excluded if they had bilateral breast cancer, as the aim 
was to assess LVI in breast cancer cases with ipsilateral enlarged axillary 
LNS, not with contralateral axillary LNs, and to correlate the pre-
operative axillary LN ADC value with the post-operative LVI status of 
the breast lesion on the ipsilateral side. Patients were also excluded if 
they had unilateral breast cancer but there were multiple breast lesions, 
to ensure that the lesion evaluated on MRI was the same lesion assessed 
on post-operative pathology. Finally, patients were also excluded if 
they did not have pre-operative breast MRI or the diffusion study with 
an ADC map was not available.

MRI Technique 

In all patients, MRI of the breast was performed using a 1.5 Tesla 
machine (Philips Ingenia, Best, The Netherlands). Examination 
of patients was performed in the prone position with the use of a 
dedicated 16-channel breast coil. DWI was obtained by a single shot 
spin echo sequence with the following parameters; (TR/TE/NEX): 
5800/139 ms/1, b values used were 0, 500, and 1000 mm²/sec. 
Diffusion gradients were sequentially applied in X, Y, and Z axes. Slice 
thickness was 4 mm, with 1 mm interslice gap, a 300-360 mm field of 
view, and matrix of (128x256). Total acquisition time was about 120 
sec. Orthogonal diffusion images and ADC maps for all cases were 
performed.

Diffusion-Weighted Imaging Post-Processing

Four sets of DWI were obtained for each section. The first three sets 
of images (known as trace images), corresponding to sensitization 
gradients, were sequential applications in the three orthogonal planes. 
The ADC map (the last set), corresponding to the average diffusion 
images, where measurement of ADC for any region of interest (ROI) 
can be measured. The ADC maps were calculated by the MRI scanner 
in-built software.

Image Analyses

Conjoint interpretation of the MRI studies of the patients was done by 
three radiologists of 10, 10 and 12 years experience. The radiologists 
were blinded to patient pathological data. The ADC value was 
calculated for the most suspicious ipsilateral enlarged axillary LN. The 
ROIs were manually and carefully drawn along the solid area of the 
ipsilateral most suspicious LN and copied to the corresponding ADC 
maps, avoiding the areas with necrosis if present within the LN. No 
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less than three ROIs were used within the same ipsilateral enlarged 
LN, and then the mean ADC value for the lesion was calculated. ROI 
size was 20 mm2.

Histopathological and Immunohistochemical Evaluation

Presence or absence of LVI was assessed on post-operative 
histopathological examination. These histopathological data were the 
gold standard to correlate the radiological data with.

Statistical Analysis

Data analysis was done by SPSS software, version 25 (IBM Inc., 
Armonk, NY, USA). Description of qualitative data was done using 
number and percentage. Quantitative data were described using mean 
± standard deviation for data distributed normally after testing for 
normality using the Kolmogorov-Smirnov test. The obtained results 
significance was judged at the p<0.05 level.

If quantitative data was non-normal, the Mann-Whitney U test was 
used to compare between two studied groups while the Student t-test 
was used to compare two independent groups for normally distributed 
data. Receiver operating characteristics curve was used to calculate 
sensitivity and specificity of continuous variables with calculation of 
the optimal cut off point. Predictive values and accuracy were assessed 
using cross tabulation.

Results

This retrospective study included 100 female patients with a mean 
age of 49 years with a range of 30–68 years, with single unilateral 
invasive breast cancer and positive ipsilateral axillary LNs. Tumor data 
of the cases are shown in Table 1. Of the 100 patients, 61 had LVI on 
histopathological analysis and 39 did not.

The mean ADC value of the ipsilateral enlarged axillary LNs was 
significantly lower in patients with LVI than in LVI negative cases with 
ADC values of 0.735 × 10−3 mm2/s vs. 1.024 × 10−3 mm2/s, respectively 
(p<0.001) (Table 2 and Figure 1). 

In Figure 1, the mean Ki-67 in LVI positive cases was 46.12%, while 
this was 21.58% for LVI negative cases. This higher KI-67 level in 
LVI positive cases indicates a greater degree of proliferation and thus 
the more aggressive nature of these tumors, and this was positively 
correlated with ADC values of the ipsilateral enlarged axillary LNs.

In Table 3, the optimal cut-off point for ADC value in differentiating 
between LVI positive and negative cases was 0.889. Similarly, the 
cut off point for Ki-67 for differentiating between LVI positive and 
negative cases was 27.5% (p<0.001). The analysis showed relatively 
high sensitivity but only moderate specificity for ADC and Ki-67 
when differentiating between LVI positive and negative cases, as 
shown in Table 3 and Figures 2 and 3.

Correlation between LVI and IHC parameters and MRI features of 
the tumors are shown in Table 4. There was a significant correlation 
between LVI and the number of infiltrated LNs. In LVI negative 
cases, all cases except for six (%) showed unaffected dissected LNs. 
In the six exceptions, each patient exhibited one infiltrated LN 
histopathologically. However, in LVI positive cases most patients 
had infiltrated dissected LNS, with a median of 4 infiltrated LNs per 
patient. However, once again there were six exceptions who had no 
infiltrated dissected LNs.

Table 1. Laterality, number, and pathological types of the 

breast tumors in the studied cases

Patient data n %

Tumor laterality

Unilateral 100 100

Bilateral 0 0 

No. of the tumor in each study case 1 100 

Pathological types of breast cancer in the studied patients

Invasive duct carcinoma 93/100 cases 93%

Invasive lobular carcinoma 5/100 cases 5%

Mixed mucinous carcinoma 2/100 cases 2%

Table 2. Comparison of mean ADC and Ki-67 in differentiating between cases with and without LVI

Lymphovascular invasion Test of significance 

Negative for LVI (n = 39) Positive for LVI (n = 61)

ADC x10-3 1.024±0.22 0.735±0.17
t = 7.24

p<0.001*

Ki-67 21.58±13.15 46.12±22.59
z = 6.24

p<0.001*

t: Student t-test; z: Mann-Whitney U test; *: Statistically significant; LVI: Lymphovascular invasion; ADC: Apparent diffusion coefficient

Figure 1. Mean ADC and Ki-67 % in differentiating between cases 
with and without LVI

LVI: Lymphovascular invasion; ADC: Apparent diffusion coefficient
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In terms of IHC characteristics of the tumors, the luminal A molecular 
subtype was significantly correlated with negative LVI (28.2 %) vs. 
8.2% for cases with positive LVI. However, luminal B molecular 
subtype was significantly correlated with positive LVI (65.6%) vs. 
30.8% for negative LVI.

The number of infiltrated LNs was also significantly correlated with 
the ADC value of the axillary LNs, as shown in Table 5 and Figure 4. 
There was a significant negative correlation between this ADC value 
and the number of infiltrated LNs. The other IHC and MRI criteria 
of the tumors in the studied cases did not show significant correlation 
with the ADC value of the axillary LNS, with the exception of the 
having a non-circumscribed speculated margin which was significantly 
correlated with a lower ADC value (mean, 0.831±0.27), while 
circumscribed margin was significantly correlated with a higher ADC 
value (mean, 1.26±0.0), as shown in Table 6.

Discussion and Conclusion 

Breast cancer is the most common cancer worldwide and the major 
cause of cancer related mortalities in women (12). Most breast cancer 
related mortalities are due primary tumor proliferation or due to 
distant metastasis (13). LVI is defined histopathologically as presence 

of tumor cells within the lymphatic or vascular spaces that encircles 
the primary carcinoma. Its positivity indicates a higher risk of cancer 
local recurrence or distant metastasis; so, its detection is important as 
a diagnostic or prognostic assessment of patients with breast cancer 
(14). Many studies have indicated the importance of the LVI in surgical 
intervention determination, providing guidance tool for neoadjuvant 
therapy evaluation, and suggesting optimal resection margins of the 
tumors (15, 16).  However, identifying this LVI status accurately 
pre-operatively is a challenge, because it is identified accurately on 
histopatological examination following surgery.

Evaluation of LVI status in breast cancer patients, pre-operatively, 
may be done with the aid of some MRI morphological features, as 
the peritumoral edema, “adjacent vessel” sign, the DWI, and status of 
axillary LN on MRI (17-20). Dynamic MRI may play an important 
role in assessing LVI status, as it provides high quality multiplanar 
images and highly significant morphologic and functional data. It 
provides information on the volume, permeability, and the tumor 
vascular system angiogenesis (20, 21).

In our study we aimed to highlight the correlation between the ADC 
of the ipsilateral suspicious axillary LNs, and the LVI status in patients 
with invasive breast cancer.

Table 3. Validity of ADC and Ki-67 in differentiating between cases with and without LVI

AUC
(95% CI)

p Optimal 
cut-off

Sensitivity % Specificity % PPV% NPV% Accuracy 
%

ADCx10-3
0.845

(0.764–0.926)
<0.001 0.889 87.9% 70.7% 81.0% 80.6% 80.1%

Ki-67
0.812

(0.731–0.893)
<0.001 27.5% 75.9% 65.9% 75.9% 65.9% 71.7%

PPV: Positive predictive value; NPV: Negative predictive value; AUC: Area under curve; LVI: Lymphovascular invasion; ADC: Apparent diffusion coefficient; 
CI: Confidence interval

Figure 3. ROC curve of Ki-67 in differentiating between cases with 
and without LVI

LVI: Lymphovascular invasion; ADC: Apparent diffusion coefficient; ROC: Receiver 
operating characteristics curve

Figure 2. ROC curve of ADC in differentiating between cases with 
and without LVI

LVI: Lymphovascular invasion; ADC: Apparent diffusion coefficient; ROC: Receiver 
operating characteristics curve
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Table 4. Correlation between lymphovascular invasion and clinicopathological features of the studied cases

LVI Test of significance p

No Yes

Number of infiltrated LNs

Median (minimum-maximum)
0 (0–1) 4 (0–17) z = 7.61 <0.001*

Tumor grade, n (%)

I 3 (7.7) 2 (3.3)

χ2 = 3.0 0.223II 26 (66.7) 34 (55.7)

III 10 (25.6) 25 (41)

ER score 

Median (minimum-maximum) 8 (0–8) 7 (0–8) z = 1.22 0.223

PR score 

Median (minimum-maximum) 7 (0–8) 5 (0–8) z = 1.26 0.209

HER2 status

-VE 31 (79.5) 53 (86.9) χ2=0.969
0.325

+VE 8 (20.5) 8 (13.1)

Molecular subtype

Luminal A 11 (28.2) 5 (8.2)

χ2 = 13.12 0.004*
Luminal B 12 (30.8) 40 (65.6)

HER-enriched 8 (20.5) 8 (13.1)

Triple negative 8 (20.5) 8 (13.1)

Amount of fibroglandular tissue (FGT)

Entirely fatty 0 7 (11.5)

χ2 = 7.65 0.054

Scattered FGT 15 (38.5) 30 (49.2)

Heterogenous dense breast 18 (46.2) 19 (31.1)

Extremely dense breast 6 (15.4) 5 (8.2)

BPE

Minimal 0 7 (11.5)

χ2 = 4.91 0.179
Mild 17 (43.6) 22 (36.1)

Moderate 19 (48.7) 28 (45.9)

Marked 3 (7.7) 4 (6.6)

Mass shape

Irregular 33 (84.6) 52 (85.2)
χ2 = 0.007 0.931

Lobulated 6 (15.4) 9 (14.8)

Mass margin

Non-circumscribed speculated 18 (46.2) 32 (52.5)

χ2 = 3.32 0.190Non-circumscribed irregular 19 (48.7) 29 (47.5)

Circumscribed 2 (5.1) 0

Mass internal enhancement pattern

Heterogenous 35 (89.7) 50 (82)
χ2 = 1.128 0.288

RIM 4 (10.3) 11 (18)

Kinetic curve type

Pateau curve 8 (20.5) 9 (14.8)
χ2 = 0.559 0.455

Washout curve 31 (79.5) 52 (85.2)

z: Mann-Whitney U test; χ2: Chi-square test; *: Statistically significant; LVI: Lymphovascular invasion; HER2: Human epidermal growth factor receptor 2; ER: 
Estrogen receptor; PR: Progesterone receptor; BPE: Background parenchymal enhancement; LNs: Lymph nodes 
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Markedly enlarged in size and abnormal LNs in morphology, especially 
when markedly different from other visible axillary LNs, are highly 
suggestive of nodal metastasis. Features of cortical thickening, loss of 
the fatty hilum, round shape or a (long-to-short axis ratio) of less than 
2 are considered as typical morphologic criteria that can be seen with 
LNs metastasis (22). Also, according to Baltzer et al. (23), irregular 
margin, heterogenous cortex, perifocal edema which is seen as high T2 
signal intensity in surrounding soft tissue, and asymmetry of the LNs 
in number or size compared with the contralateral side are findings 
suggestive of LN metastasis.

In our study, the mean ADC value of the ipsilateral enlarged axillary 
LNs was significantly lower in LVI positive than in LVI negative cases 
of invasive breast cancer (0.735 × 10−3 mm2/s) vs. (1.024 × 10−3 mm2/s), 
(p<0.001), with cut off point for ADC value in differentiating between 
LVI positive and negative cases was 0.889 as shown in Figures 5 and 6.

In our study, the mean Ki-67 in LVI positive cases was 46.12%, while 
was 21.58% for LVI negative cases. The cut-off point for Ki-67 in 
differentiating between LVI positive and negative cases was 27.5 
(p-value less than 0.001). This higher Ki-67 level in LVI positive cases 
reflected the more aggressive nature of these tumors and their higher 

proliferation activity, and this correlated positively with ADC values 
of the ipsilateral enlarged axillary LNs as shown in Figures 7 and 8.

This is consistent with the results of Liu et al. (24), study in which 
the LVI positive group had higher Ki-67 expression level (>30%) than 
the LVI negative group and the difference was statistically significant 
(p = 0.012).

Also agreed with results of literatures which confirmed that higher 
KI-67 is associated with higher tumor grade, LVI, metastasis, and 
recurrence rate (25-27).

Our results agreed with the results of Klingen et al. (28) who reported 
that LVI was associated with some features of aggressive breast cancer 
as LN positive tumors and higher Ki-67 expression.

Also our results were in line with a review that has shown that the 
presence of LVI correlates with locoregional LN involvement (29).

Also, our study results agreed with results of Zhang et al. (30), 
retrospective study, who found a strong association between the LN 
status and the LVI status.

In Yang et al. (31), study they found correlation between LN criteria 
including larger size, and presence of necrosis, with the LVI status. 
But, they didn’t include the ADC value of the axillary LN on the LN 
status data. Also, they found a border line correlation of the Ki-67 level 
with the LVI status.

Some studies recently, have shown that ADC value may be a good 
prognostic factor correlated to aggressiveness of tumors in breast 
cancer patients (32-34). Other current retrospective cohort studies 
concluded that ADC values of breast tumors were lesser in the LVI 
positive groups than the negative ones (11, 35). Lower ADC value is 
related to decrease in osmosis speed within tumor tissues and to higher 
proliferation rates of tumor cells. LVI was significantly concomitant to 
a higher cell proliferation level of the tumor (high Ki-67 level) (11).

Our results agreed with results of Byon et al. (36) , retrospective 
study that included 435 cases of breast cancer which compared 
“standard lower axillae” and “combined entire axilla” MRI protocols, 
they determined that axillae positivity (odds ratio: 5.9) and positive 
peritumoral edema (odds ratio: 12.3) at the standard protocol of MRI 
were predictive factors of high level axillary LNs metastasis, and with 
exclusion of axillary findings, peritumoral edema or mutifocality 
and multicentricity were predictive factor of high level axillary LNs 
metastasis, also, the LVI and the peritumoral edema were prognostic 
factors of advanced axillary LNs metastasis.

Figure 4. Scatter plot showing correlation between ADC & number 
of infiltrated LNs

ADC: Apparent diffusion coefficient; LNs: Lymph nodes

Table 5. Correlation between ADC value and number of infiltrated LNs, ER & PR score

ADC value

r p-value

No of infiltrated LNs -0.492 0.001*

ER score -0.159 0.119

PR score -0.104 0.301

r: Spearman correlation coefficient; LNs: Lymph nodes; ADC: Apparent diffusion coefficient; ER: Estrogen receptor; PR: Progesterone receptor
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Our results agreed with Chen et al. (37), who found that the LVI in 

axillary LN metastasis group was significantly higher than that in non 

-axillary LN metastasis group (37.50% vs. 6.10%, p<0.001). And their 

logistic regression analysis suggested that LVI was one of the risk factors 

for axillary LN metastasis in patients with invasive breast cancer.

Our results showed relatively high sensitivity and moderate specificity 
for ADC and Ki-67 in differentiating between LVI positive and 
negative cases (87.9% sensitivity, 70.7% specificity) for ADC and 
(75.9% sensitivity, 65.9%) for Ki-67, with (81.0% PPV, 80.6% NPV, 
80.1% accuracy) for ADC, and (85.9% PPV, 75.9% NPV, 71.7% 
accuracy) for Ki-67.

Table 6. Relationship between ADC value and clinicopathological features

ADC value Test of significance p

Mean ± standard deviation

Tumor grade

I 0.825±0.25

F = 0.604 0.549II 0.838±0.26

III 0.893±0.21

HER2 status

-VE 0.855±0.25 t = 0.124 
0.902

+VE 0.864±0.16

Molecular subtype

Luminal A 0.849±0.23

F = 0.028 0.994
Luminal B 0.853±0.26

HER-enriched 0.864±0.16

Triple negative 0.869±0.24

Amount of fibroglandular tissue

Entirely fatty 0.847±0.15

F = 3.17 0.028
Scattered fibroglandular tissue 0.784±0.23

Heterogenous dense breast 0.928±0.25

Extremely dense breast 0.940±0.17

BPE

Minimal 0.787±0.19

F = 0.931 0.429
Mild 0.827±0.22

Moderate 0.876±0.26

Marked 0.959±0.17

Mass shape

Irregular 0.843±0.24
t = 1.35 0.180

Lobulated 0.934±0.23

Mass margin

Non-circumscribed speculated 0.831±0.27

F = 3.34 0.039*Non-circumscribed irregular 0.867±0.19

Circumscribed 1.26±0.0

Mass internal enhancement pattern

Heterogenous 0.867±0.24
t = 1.05 0.298

RIM 0.797±0.16

Kinetic curve type

Pateau curve 0.909±0.16
t = 0.997 0.321

Washout curve 0.845±0.252

F: One-Way ANOVA test; t: Student t-test; HER2: Human epidermal growth factor receptor 2; ER: Estrogen receptor; PR: Progesterone receptor;  
BPE: Background parenchymal enhancement
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Figure 5. Fifty-five years old female with luminal B right breast cancer. Post-operative pathology revealed: High grade infiltrating duct 
carcinoma with low grade DCIS component (5%), with detected lymphovascular emboli, no perineural invasion. Examination of Ki-67 stained 
slide revealed nuclear staining in 30% of tumor cells. a. Post contrast subtraction MRI image showing malignant looking irregular mass in 
right breast (white arrow). b. Post contrast MRI subtraction image showing ipsilateral enlarged axillary tail suspicious LN (white arrow). c. 
Subtraction MIP image showing the mass and the LN. d. Mean ADC value of this LN was 0.628x10−3 mm2/s

LNs: Lymph nodes; ADC: Apparent diffusion coefficient; MRI: Magnetic resonance imaging; DCIS: Ductal carcinoma in situ; MIP: Maximum intensity projection

a

c

b

d
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Figure 6. Thirty-two years old female with luminal B right breast cancer. Post-operative pathology revealed: Grade II invasive duct carcinoma 
associated with high grade ductal carcinoma in situ about 5%. No lymphovascular invasion or perineural spread. Ki-67: Positive nuclear reaction 
in about (20) % of tumor cells. a. Post contrast subtraction MRI image showing malignant looking irregular mass in right breast b. Post contrast 
MRI subtraction image showing ipsilateral enlarged suspicious axillary LN (white arrow). c. Diffusion image showing high SI of the LN. d. ADC 
map showing low SI and restricted diffusion of the LN. Mean ADC value of this LN was 0.905 x10−3 mm2/s

LNs: Lymph nodes; ADC: Apparent diffusion coefficient; MRI: Magnetic resonance imaging; SI: Sacroiliac

a b

c d
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Figure 7. Forty-one years old female patient with triple negative left breast cancer. Post-operative pathology revealed grade III invasive duct 
carcinoma, with negative lymphvascular invasion. Ki-67 was about 70%, high proliferation index. a. Subtraction post contrast image showing 
left retroareolar suspicious mass. b. Subtraction post contrast image showing enhanced suspicious left axillary LN (white arrow). c. Diffusion 
image showing high SI of the LN in diffusion image. d. ADC map showing mean ADC value of the axillary LN of 0.870 x10−3 mm2/s

LNs: Lymph nodes; ADC: Apparent diffusion coefficient

a

c d

b
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Figure 8. Forty-nine years old female patient with triple negative left breast cancer. Post-operative pathology revealed grade II invasive duct 
carcinoma with scattered foci of high-grade ductal carcinoma in situ, with positive lymphvascular invasion and perineural spread. Ki-67 was 
about 80%, high proliferation index. a. Subtraction post contrast image showing small suspicious mass in left breast (arrow). b, c. Subtraction 
post contrast images showing enhanced suspicious left axillary LNs. d. subtraction MIP images showing the left axillary LNs. e. Diffusion image 
showing high SI of the left axillary LN. f. ADC map showing ADC value of the largest suspicious left axillary LN of 0.633 x10−3 mm2/s

LNs: Lymph nodes; ADC: Apparent diffusion coefficient; SI: Sacroiliac; MIP: Maximum intensity projection
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Our results are consistent with the overall sensitivity, specificity 
in predicting LVI of Kayadibi et al. (38), study who used machine 
learning and radiomics based on 3D segmentation of ADC maps can 
be used to predict LVI status in breast cancer in their study, the area 
under the curve and accuracy were 0.726 and 63.5% in the training 
data respectively, and (0.732 and 76.7%) in the test data, respectively. 
Overall sensitivity and positive predictive values were 68% and 69.6% 
in the training data, and 84.6% and 78.6% respectively in the test data 
in their study.

We concluded that the ADC value of the ipsilateral enlarged axillary 
LNs, and Ki-67 status of the tumor were highly correlated to the status 
of LVI in cases of invasive breast cancer. So, may be used as a tool for 
prediction of the axillary LN involvement, metastasis, and prognosis 
of the patients with invasive breast cancer.
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