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Abstract
The aim of this study was to evaluate the correlation between lymphovascular invasion (LVI) and tumor size, histological grade, and
the expression statuses of estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor-2 (HER-2),
Ki67, epidermal growth factor receptor (EGFR), vascular endothelial growth factor (VEGF), E-cadherin, and P53 in invasive breast
cancer, then establish a prediction model of LVI based on the associated clinicopathological factors.
A total of 392 patients with primary invasive breast cancers were enrolled, and their paraffin-embedded tissues weremanufactured

into the tissue microarray. We evaluated the expression statuses of ER, PR, HER-2, Ki67, EGFR, VEGF, E-cadherin, and P53 based
on immunohistochemistry, histological grade and LVI based on the hematoxylin and eosin stain, and tumor size.
The positivity of LVI was significantly higher in the patients with HER-2 positive expression, Ki67 high expression, and tumor size

>2cm by Chi-square test. HER-2, Ki67, and tumor size were risk factors of LVI by multivariate analysis. The areas under the receiver
operating curve of HER-2, Ki67, tumor size, and the combination of the 3 clinicopathological factors were 0.614 [P= .001, 95%
confidence interval (CI): 0.544–0.683], 0.596 (P= .006, 95% CI: 0.529–0.662), 0.575 (P= .03, 95% CI: 0.510–0.641), and 0.670
(P< .001, 95% CI: 0.607–0.734), respectively.
HER-2 positive expression, Ki67 high expression, and tumor size >2cm were risk factors of LVI, whereas the power of the

prediction model of LVI based on the 3 clinicopathological factors in invasive breast cancer was low.

Abbreviations: CI = confidence interval, EGFR = epidermal growth factor receptor, ER = estrogen receptor, H&E = hematoxylin
and eosin, HER-2 = human epidermal growth factor receptor-2, IHC = immunohistochemistry, ISH = in situ hybridization, LVI =
lymphovascular invasion, OR = odds ratio, PR = progesterone receptor, ROC = receiver operating curve, TMA = tissue microarray,
VEGF = vascular endothelial growth factor.
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1. Introduction chemotherapy, and so on. These may lead to a missed LVI
Lymphovascular invasion (LVI) is a very important predictor of
poor prognosis, and the risk of local recurrence and distant
metastasis in patients with LVI is significantly higher in breast
cancer.[1–3] LVI is an important indication for postoperative
chemotherapy and radiotherapy in breast cancer. Pathological
diagnosis is the gold standard for the LVI.However, the detection of
LVI is affected by many factors: the small biopsy tissue volume,
the incomplete sampling of the resected tumor, neoadjuvant
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diagnosis. Because the application of neoadjuvant chemotherapy is
more and more extensive in breast cancer and because core needle
biopsy also increases, predicting LVI through clinical and
pathological factors becomes very important, especially in prognos-
tic evaluation and guiding treatment for early breast cancer.
The age of diagnosis, tumor size, histological grade, and

statuses of estrogen receptor (ER), progesterone receptor (PR),
human epidermal growth factor receptor-2 (HER-2), Ki67,
epidermal growth factor receptor (EGFR), vascular endothelial
growth factor (VEGF), E-cadherin, and P53 are very important
prognostic indicators. There is a prognostication and treatment
benefit tool and a prediction model of axillary lymph node
positivity for early breast cancer. They incorporate almost all of
the above indicators except LVI.[4,5] The associations between
these indicators and LVI are currently reported in breast cancer,
but the results are not consistent.[1,6–8] Furthermore, a prediction
model of LVI with those clinicopathological factors has not been
reported at present. If we can build an LVI prediction model,
we will provide more valuable information on individualized
treatment in breast cancer.

2. Materials and methods

2.1. Patients

The paraffin-embedded tissue samples were from 392 patients
with primary invasive breast cancer who were diagnosed from
2010 to 2015 at Yuebei People’s Hospital. The median age was
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Figure 1. Lymphovascular invasion (LVI; single arrows) in invasive breast
cancer tissue section stained with hematoxylin and eosin (H&E; magnification
�200).

Table 1

Summary of clinicopathological characteristics of 392 patients
with breast cancer.

Characteristics No. patient (%)

Age, y
�50 241 (61.5)
>50 151 (38.5)

Tumor size, cm
�2 153 (39)
>2 239 (61)

Histological grade
I 24 (6.1)
II–III 368 (93.9)

Stage
I 93 (23.7)
II 179 (45.7)
III 120 (30.6)

LVI status
Present 91 (23.2)
Absent 301 (76.8)

ER status
Positive 262 (66.8)
Negative 130 (33.2)

PR status
Positive 233 (59.4)
Negative 159 (40.6)

HER-2 status
Positive 91 (23.2)
Negative 301 (76.8)

Ki67 status
High 188 (48.0)
Low 204 (52.0)

EGFR status
Positive 80 (20.4)
Negative 312 (79.6)

VEGF status
Positive 139 (35.5)
Negative 253 (64.5)

E-cadherin status
Positive 262 (66.8)
Negative 130 (33.2)

P53 status
Positive 165 (42.1)
Negative 227 (57.9)

EGFR = epidermal growth factor receptor, HER-2 = human epidermal growth factor receptor-2, LVI=
lymphovascular invasion, PR = progesterone receptor, VEGF = vascular endothelial growth factor.
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48 years old. The mean age was 48.8±9.3 years old. All data
were anonymized. The study was approved by the Institutional
Review Board of Guangzhou Medical University. None of the
enrolled patients underwent anticancer therapy before the
extraction of the pathological specimens.

2.2. Tumor characteristics and molecular analyses

The samples were fixed with 10% neutral buffered formalin and
embedded in paraffin. To analyze the pathological factors,
immunohistochemistry (IHC) staining was retrospectively per-
formed on the tissue microarray (TMA) constructed by 2 trained
pathologists. There were 24 tissue cores per block, and each core
was 0.6mm in diameter. The most representative and well-
preserved tumor areas in the donor tissue blocks were marked by
the pathologists according to the corresponding hematoxylin and
eosin (H&E)-stained slides. The tissue volume in TMA was
smaller compared with the conventional paraffin section. To
reduce the false negatives and positives, 3 duplicate cores were
taken from each patient sample, with 1 core serving as the
negative control and 1 core as the positive control in each block.
We evaluated the age of diagnosis, tumor size, histological grade,
LVI, and statuses of ER, PR, HER-2, Ki67, EGFR, VEGF, E-
cadherin, and P53.

2.3. Immunohistochemistry

Each TMA block was cut into 2.5-mm thick sections that were
stained with the monoclonal antibodies ER, PR, HER-2, Ki67,
EGFR, VEGF, E-cadherin, and P53. All the antibodies were
ready-to-use from OriGene. A positive control was taken from a
breast cancer tissue sample with positive IHC staining results,
and a negative control was taken from a paraffin-embedded
breast cancer tissue sample that had not been submitted for
incubation with primary antibody. The alkaline phosphatase-
anti-alkaline phosphatase assay was adopted. IHC was
performed according to the ASCO/CAP guidelines, and the
results were analyzed using 200� microscopic fields by 1
independent pathologist and were then independently reviewed
by another pathologist according to the following criteria: the
positivity of ER and PR were defined as nuclear staining of >1%
of the tumor cells, and P53 was defined as nuclear staining of
≥10% of the tumor cells. HER-2 status was assessed using the
IHC method according to the criteria set by DAKO, with scores
of 0 and 1+ regarded as negative; 2+ regarded as equivocal,
leading to further testing using in situ hybridization, and 3+ was
regarded as positive. High expression for Ki67 was defined as
nuclear staining of≥14%of tumor cells. Positivity for E-cadherin
and EGFR was defined as membranous staining of ≥50% and
≥10% of the tumor cells, respectively. Positivity for VEGF was
defined as cytoplasmic staining of ≥25% of the tumor cells.

2.4. Definition of LVI

LVI was assessed on H&E-stained sections of the original cancer
tissues. LVI was defined as the presence of cancer cells within a
definite endothelial-lined space (lymphatic or blood vessel), for
which there was a specified distance between the tumor foci and
LVI (Figure 1).

2.5. Statistical analyses

Statistical analysis was performed using SPSS version 20.0 (SPSS
Inc, Chicago, IL). The correlations between LVI and several
2
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clinicopathological factors were evaluated by chi-square test. A
logistic regression model was used to evaluate the multivariate
analysis. P value of <.05 was considered statistically significant.
The odds ratio (OR) and the 95% confidence interval (CI) were
calculated for each variable.
3. Results

3.1. The characteristics of patients and tumors

The age of patients ranged from 24 to 80 years old (mean=
48.8±9.3 years old, median=48 years old). The clinicopatho-
logical characteristics of the 392 patients are shown in Table 1.
The expression statuses of HER-2 and Ki67 detected by IHC are
shown in Figure 2 A, B, C, D.

3.2. Comparison of present LVI rates among different
clinicopathological factors

A total of 392 female patients with invasive breast cancer were
included in this analysis. The positivity of LVI was significantly
high in patients with HER-2 positive expression (x2=20.233,
P< .001), Ki67 high expression (x2=10.230, P= .001), and
tumor size >2cm (x2=6.653, P= .01). LVI did not show
significant associations with the expression status of ER, PR,
Figure 2. The expression of human epidermal growth factor receptor-2 (HER-2) an
The expression of HER-2 is positive in invasive breast cancer, and the cell membran
The expression of Ki67 is high in invasive breast cancer, and the nucleus is brow
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EGFR, VEGF, E-cadherin, P53, the age of diagnosis, and
histological grade (Table 2).
3.3. Multivariate logistic regression analyses of
clinicopathological factors associated with LVI

A multivariate logistic regression analysis confirmed a significant
association between HER-2 positive expression (OR=2.597,
95% CI: 1.528–4.418, P< .001), Ki67 high expression (OR=
1.760, 95%CI: 1.063–2.914, P= .028), tumor size>2cm (OR=
1.766, 95% CI: 1.041–2.996, P= .035), and LVI (Table 3).
3.4. Predictive power of the potential predictors identified
based on ROC

Receiver operating curves (ROCs) corresponding to the multiple
logistic model were applied to the data of 392 patients. The
areas under the ROC for HER-2, Ki67, tumor size, and the
combination of HER-2, Ki67, and tumor size were 0.614
(P= .001, 95% CI: 0.544–0.683), 0.596 (P= .006, 95% CI:
0.529–0.662), 0.575 (P= .03, 95% CI: 0.510–0.641), and 0.670
(P< .001, 95% CI: 0.607–0.734), respectively, which indicated
the predictive power of the multivariate logistic regression model
(Figure 3).
d Ki67 in invasive breast cancer detected by immunohistochemistry (IHC). A, B,
e is brown and continuous. A magnification�100, B magnification�200. C, D,
n, tumor cell positivity 70%. C Magnification �100. D Magnification �200.
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Table 2

Association between lymphovascular invasion and other clinico-
pathological factors in invasive breast cancer.

No. LVI

Clinicopathological factors Positive Negative P

Age, y .051
�50 48 (19.9%) 193 (80.1%)
>50 43 (28.5%) 108 (71.5%)

Tumor size, cm .01
�2 25 (16.3%) 128 (83.7%)
>2 66 (27.6%) 173 (72.4%)

Histological grade .433
I 4 (16.7%) 20 (83.3%)
II–III 87 (23.6%) 281 (76.4%)

ER status .288
Positive 65 (24.8%) 197 (75.1%)
Negative 26 (20%) 104 (80%)

PR status .138
Positive 48 (20.6%) 185 (79.4%)
Negative 43 (27%) 116 (73%)

HER-2 status <.001
Positive 37 (40.7%) 54 (59.3%)
Negative 54 (17.9%) 247 (82.1%)

Ki67 status .001
High 57 (30.3%) 131 (69.7%)
Low 34 (16.7%) 170 (83.3%)

EGFR status .672
Positive 20 (25%) 60 (75%)
Negative 71 (22.8%) 241 (77.2%)

VEGF status .351
Positive 36 (25.9%) 103 (74.1%)
Negative 55 (21.7%) 198 (78.3%)

E-cadherin status .643
Positive 59 (22.5%) 203 (77.5%)
Negative 32 (24.6%) 98 (75.4%)

P53 status .105
Positive 45 (27.3%) 120 (72.7%)
Negative 46 (20.3%) 181 (79.7%)

EGFR = epidermal growth factor receptor, HER-2 = human epidermal growth factor receptor-2, LVI =
lymphovascular invasion, PR = progesterone receptor, VEGF = vascular endothelial growth factor.
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4. Discussion

Breast cancer is a highly heterogeneous malignant tumor, so
the relations between the clinicopathological factors and LVI
are varied. We found that HER-2, Ki67, and tumor size were
statistically significantly associated with LVI, whereas the age of
diagnosis, histological grade, and statuses of ER, PR, EGFR,
VEGF, E-cadherin, and P53 were not related to LVI. However,
Table 3

Multivariate logistic regression analysis of lymphovascular inva-
sion with clinicopathological factors.

Clinicopathological factors

LVI

OR (95% CI) P

HER-2 status
Positive vs negative 2.597 (1.528–4.415) <.001

Ki67 expression
High vs low 1.760 (1.063–2.914) .028

Tumor size, cm
>2 vs �2 1.766 (1.041–2.996) .035

CI = confidence interval; HER-2 = human epidermal growth factor receptor-2, LVI = lymphovascular
invasion, OR = odds ratio.

4

Elkablawy et al reported that Ki67 expression was not
associated with LVI. Two possible factors existed: first, the race
and region of the patients were not the same; second, the criterion
of Ki67 high expression was different. The cut-off value that
our study adopted was ≥14% according to the St. Gallen
International Expert Consensus,[10] whereas the cut-off value
that Elkablawy et al[9] adopted was ≥25%.
HER-2 is a cell surface receptor of the epidermal growth factor

family and plays a role in the regulation of cell proliferation and
differentiation. HER-2 positive expression can promote tumor
growth and is an indication of target therapy in invasive breast
cancer. This study found that the positive rate of LVI was
significantly higher in patients with HER-2 positive expression
than in patients with HER-2 negative expression (P< .001). A
similar result was found by Ugras et al.[11] In the multivariate
analysis, HER-2was also a risk factor for LVI, and the area under
the ROC was 0.614 (P= .001, 95% CI: 0.544–0.683).
Ki67 is a nuclear protein that is associated with cellular

proliferation. Ki67 high expression predicts quick tumor cell
proliferation, resulting in a poor prognosis in breast cancer.[12,13]

Furthermore, Ki67 was recommended as an index for differenti-
ating luminal A from luminal B subtype in the St. Gallen
conference.[10] Hence, Ki67 is now routinely examined by IHC.
In our analysis, we found that the positivity of LVI was
significantly higher in patients with Ki67 high expression than in
patients with Ki67 low expression (P= .001). Similar results were
found by Erdogan et al[14] and Yan et al.[15] In multivariate
analysis, Ki67 was also a risk factor of LVI, and the area under
the ROC was 0.596 (P= .006, 95% CI: 0.529–0.662).
Tumor size is a powerful predictor of local recurrence and

systemic spread, and an important component of the tumor stage
in invasive breast cancer.[16] It implies that patients with tumor
size �2cm have a better prognosis than those with tumors size
>2cm with equal factors. In our analysis, we found that the
positive rate of LVI was significantly higher in patients with a
tumor size >2cm than in patients with a tumor size �2cm
(P= .01). The result was consistent with that of Gujam et al.[6] In
multivariate analysis, the tumor size was a risk factor for LVI
(OR, 1.766, 95% CI: 1.041–2.996, P= .035), and the area under
the ROC was 0.575 (P= .03, 95% CI: 0.510–0.641).
Either Ki67 high expression or HER-2 positive expression can

promote fast tumor growth. The larger tumor size may be due to
fast tumor growth. The results implied that LVI was mainly
attributed to rapid growth, not tumors encircling lymphovasculo-
genesis. Therefore, LVI was not correlated to ER, PR, EGFR,
VEGF, E-cadherin, and P53.
The area under the ROC of the combination of HER-2, Ki67,

and tumor size was 0.670 (P< .001, 95% CI: 0.607–0.734). The
tumor with high expression of HER-2, Ki67, and size >2cm
should be more cautiously diagnosed as negative LVI because the
probability was only approximately 37%. It may be necessary to
check more fields under the microscope or sample further to
confirm the result. The area was larger than that of each factor
alone, but it was still<0.7. Hence, the accuracy of predicting LVI
was low through evaluating tumor size and the expression
statuses of HER-2 and Ki67, and the power of the LVI prediction
model based on the 3 clinicopathological factors was low in
invasive breast cancer. There are 2 main probable reasons that
contributed to this: first, the heterogeneity of breast cancer is
prominent, and it is very difficult to generalize it using the 3
clinicopathological factors; second, the proportion of tissue
samples from core needle biopsy is 30.6%, which is too high. The
representativeness of core needle biopsy is limited due to the small



Figure 3. ROC corresponding to the multiple logistic model applied to the data of 392 patients. The areas under the ROC of human epidermal growth factor
receptor-2 (HER-2), Ki67, tumor size, combination of HER-2, Ki67, and tumor size are 0.614 [P= .001, 95% confidence interval (CI): 0.544–0.683], 0.596 (P= .006,
95% CI: 0.529–0.662), 0.575 (P= .03, 95% CI: 0.510–0.641), and 0.670 (P< .001, 95% CI: 0.607–0.734), respectively. HER-2 = human epidermal growth factor
receptor-2, ROC = receiver operating curve.
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tissue volume. If the current result was attributed to the latter
reason, all tissue samples should be confined to thewhole resected
tumor, and the tumor tissue should be sliced completely. In
addition, there may be other factors involved in LVI. Therefore,
further study should include many more clinicopathological
factors.
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