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Abstract

Purpose To investigate the prognostic significance of lymphovascular invasion in invasive breast cancer and the value of
using specific vascular endothelial markers to further classify lymphovascular invasion.

Methods We collected 2124 patients with invasive breast cancer who were hospitalized at the First Hospital of Dalian Medi-
cal University from 2012 to 2020. Statistical methods were used to investigate the relationship between lymphovascular
invasion and clinicopathological characteristics of breast cancer, and the correlation between lymphovascular invasion on
overall survival (OS) and disease-free survival (DFS) of various categories of breast cancers. Immunohistochemical stain-
ing of breast cancer samples containing lymphovascular invasion using specific vascular endothelial markers D2-40 and
CD34 was used to classify lymphovascular invasion and to investigate the relationship between lymphovascular invasion
and breast cancer progression.

Results There was a high correlation between lymphovascular invasion and T stage, N stage and nerve invasion. Survival
analyses showed that patients with lymphovascular invasion, especially luminal B, triple-negative, and Her-2 overexpression
breast cancer patients, had poorer OS and DFS prognosis, and that lymphovascular invasion was an independent prognostic
factor affecting OS and DFS in breast cancer. The immunohistochemical staining results showed that positive D2-40 staining
of lymphovascular invasion was linked to the N stage and localized recurrence of breast cancer.

Conclusion Lymphovascular invasion is associated with aggressive clinicopathological features and is an independent poor
prognostic factor in invasive breast cancer. Breast cancer localized recurrence rate and lymph node metastases are influenced
by lymphatic vessel invasion. Immunohistochemical techniques should be added to the routine diagnosis of lymphovascular
invasion.
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Introduction

Based on the worldwide cancer data released by CA Can-
cer J Clin 2021[1], breast cancer is the most prevalent
malignant tumor worldwide at the moment. According to
the data, breast cancer accounts for 15.5 percent of cancer
mortality in women, which is higher than other types of
cancers such as lung, colorectal, and cervical cancer. The
diagnosis and treatment of breast cancer have evolved as
we approach the era of precision therapy. An exact disease
risk assessment is essential to creating a tailored breast
cancer therapy regimen. However, conventional predic-
tive risk markers like TNM staging and tumor histological
grading have not demonstrated high clinical utility in cases
of early-stage breast cancer. Therefore, they are no longer
the sole criteria for prognostic assessment and therapeutic
targets for breast cancer [2].

Lymphovascular invasion (LVI), an important compo-
nent of the tumor microenvironment, has previously been
limited by the limitations of detection techniques. The
most common method for testing for LVI in prior research
has been hematoxylin—eosin (H&E) staining. However, as
immunohistochemistry (IHC) technology has advanced,
the objective detection rate of LVI in breast cancer has
been further enhanced by the combination of IHC detec-
tion with H&E staining [3], which has advanced LVI
research. There is disagreement concerning the findings
of earlier research on LVI. Lee et al. [4] concluded that
LVIis an independent factor for poor prognosis in patients
with early-stage breast cancer, regardless of lymph node
status and molecular subtype. A study by Houvenaeghel
et al. [5] showed that the presence of LVI had an inde-
pendent negative impact on the prognosis of patients with
early-stage breast cancer, except for ER-positive grade 3
tumors and luminal A tumors treated with adjuvant chemo-
therapy. However, Bent et al. [6] concluded that LVI could
not be used as an independent risk factor for breast can-
cer and was insufficient to move patients from a low to a
high risk of recurrence. Munzone et al. [7] discovered that
in patients with lymph node-positive breast cancer, LVI
had no effect on the overall prognosis but did increase
the probability of localized recurrence. Meanwhile, other
researchers have focused their research on the influence of
LVI on the selection of breast cancer therapy strategies.
Zhong et al. [8] demonstrated that patients with early-stage
LVI positive breast cancer who undergo breast-conserving
surgery have a worse prognosis than patients with LVI
negative breast cancer. They concluded that these patients
should receive extensive systemic therapy in addition to a
mastectomy as part of their treatment. The American Joint
Committee on Cancer (AJCC), a reputable prognostic rat-
ing method, does not include LVI based on the outcomes
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of currently available research. Consequently, additional
research is still required to confirm the predictive signifi-
cance of LVI for breast cancer.

Pathologists have employed endothelial cells with various
molecular characteristics in recent years to further objec-
tively and standardly define LVI using IHC technology and
specific vascular endothelial markers. The growing recog-
nition of the significance of lymphatic endothelial cells in
tumor progression and metastasis has been made possible by
the development of markers for these cells [9]. On the other
hand, since the principle of anti-angiogenic therapy for solid
tumors was proposed in 1972 [10], targeted anti-angiogenic
drugs combined with conventional chemotherapy and radio-
therapy have positively influenced the treatment of tumors as
an anti-tumor therapeutic strategy and great breakthroughs
have been made in the study of breast cancer-related angio-
genesis. Many vascular endothelial markers specific to breast
cancer have emerged, and some of these markers have been
gradually employed to help diagnose breast cancer-related
LVI, improving upon the limitations of conventional H&E
staining in this regard. Therefore, researching cancer-related
lymphatic and blood vessels using endothelial markers and
THC technology can help to further explore the role that LVI
plays in the progression of breast cancer.

In this study, to determine if LVI can be utilized in addi-
tion to conventional clinicopathological criteria to help
determine the prognosis of breast cancer, we analyzed the
association between LVI and clinicopathological character-
istics and prognosis in invasive breast cancer. Simultane-
ously, we labeled LVI in breast cancer using specific vas-
cular endothelial markers to investigate the mechanism of
LVI development. The objectives of our research were to
investigate the predictive significance of LVI in breast cancer
and to offer a theoretical framework for the development of
appropriate therapeutic options.

Materials and methods
Data collection and processing

We collected a total of 2479 invasive breast cancer cases
hospitalized in the Department of Breast Surgery of the
First Hospital of Dalian Medical University from January
2012 to December 2020. These patients were subsequently
screened using the following inclusion and exclusion crite-
ria. Inclusion criteria: (1) patients who were hospitalized
for the first time for radical breast cancer surgery with
postoperative pathological confirmation of invasive breast
cancer; (2) complete clinicopathological and follow-up
data. Exclusion criteria: (1) patients with adjuvant treat-
ment such as neoadjuvant chemotherapy before surgery;
(2) special types of breast cancer such as inflammatory
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breast cancer and Paget's disease of the breast; (3) Stage
IV breast cancer; (4) bilateral invasive breast cancer;
(5) patients who could not undergo radical mastectomy
for breast cancer due to poorer physical status, etc.; (6)

Table 1 Baseline information
table for breast cancer patients

presence of a history of breast tumor or other types of
tumors; and (7) missing clinicopathological and follow-up
data. Finally, 2124 eligible cases were screened, of which
397 cases showed the presence of LVI by H&E staining.

Characteristics Levels Amount(n=2124)  Percentage(%)
LVI Positive 397 18.7
Negative 1727 81.3
Age <40 194 9.1
>40 1930 90.9
Anatomic neoplasm subdivisions  Left 1099 51.7
Right 1025 48.3
Menopause status Premenopausal 800 37.7
Postmenopausal 1291 60.8
Hysterectomy 33 1.5
Histological type Infiltrating ductal carcinoma 1969 92.7
Infiltrating lobular carcinoma 60 2.8
Other types 95 4.5
Histological grade | 49 23
I 1030 48.5
I 917 43.2
Not available 128 6.0
T stage T1 1182 55.6
T2 858 40.4
T3 61 29
T4 23 1.1
N stage NO 1253 59.0
N1 560 26.4
N2 176 8.3
N3 135 6.3
PAMS50 Luminal A 404 19.0
Luminal B 1289 60.7
Triple-negative 261 12.3
Her-2 overexpressing 170 8.0
ER status Negative 471 22.2
Weakly positive 74 35
Positive 1579 74.3
PR status Negative 593 27.9
Weakly positive 186 8.8
Positive 1345 63.3
Ki67 status <14% 496 234
> 14% 1628 76.6
HER-2 status Negative 1673 78.8
Positive 451 21.2
Pathologic stage Stage [ 841 39.6
Stage 11 948 44.6
Stage 111 335 15.8
Neurological invasion Positive 212 10.0
Negative 1912 90.0
Soft tissue invasion Positive 73 34
Negative 2051 96.6
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The clinicopathological characteristics of the enrolled
cases are shown in Table 1.

Assessment of LVI

According to the Chinese guidelines for the diagnosis and
treatment of breast cancer, the presence or absence of LVI
in the lesions of breast cancer patients should be routinely
included in the postoperative pathology reports after they
have undergone the appropriate radical mastectomy for
breast cancer. The final diagnosis of LVI in all the cases in
this study was based on the official pathology reports pub-
lished by the Department of Pathology of the First Affiliated
Hospital of Dalian Medical University. The pathological
evaluation of LVI in breast cancer is as follows: using H&E
staining, LVI is diagnosed if there are clusters of tumor cells
in the lymphovascular lumen (including lymphatic lumen
or vascular lumen) within 1 mm around the tumor, and it
should be noted that due to the fixation of tissues, H&E
staining is unable to differentiate between LVI and contrac-
tile space. Therefore, in the few cases where it is not pos-
sible to confirm whether the lumen surrounding the tumor is
a lymphovascular lumen, additional immunohistochemical
staining should be performed to assist in the diagnosis of this
indistinguishable pathological tissue.

Pathological sample collection

245 paraffin-embedded breast cancer tissues from January
2016 to December 2020 were collected by the Department
of Pathology of the First Hospital of Dalian Medical Univer-
sity. Under H&E staining, these tissues previously showed
the existence of LVI.

Immunohistochemistry

Immunohistochemical staining using the Envision [11]
technique as a guide. The following are the precise steps:
Breast cancer tissues were fixed in 10% formalin, paraf-
fin-embedded, and sectioned to 4-6 pm on slides. After
dewaxing, hydration, and microwave antigen repair of the
slides, an endogenous peroxidase blocker (3% hydrogen
peroxide) was added. Slides were incubated overnight at
4 °C with the D2-40/CD34 antibody. Subsequently, the
slides were incubated with the secondary antibody for
20 min at room temperature. DAB chromogenic stain, then
hematoxylin re-staining, hydrochloric acid alcohol differ-
entiation, and return to blue. Finally, the sections were
dehydrated, transparent, and sealed. The stained sections
were observed and the results were interpreted under a
light microscope. The discriminatory criterion for D2-40/
CD34 positivity is to specify the presence of positive
staining (brown-yellow staining) of vascular endothelial
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cells. Under the microscope, vascular endothelial cells in
the lumen of a small vessel (lymphatic lumen or vascular
lumen) surrounding the LVI tissue are positive for D2-40/
CD34 if they show brown-yellow staining, and negative
for D2-40/CD34 if they do not show brown-yellow stain-
ing. All the experimental reagents involved in the immu-
nohistochemical staining process were purchased from
ZSGB-BIO.

Follow-up visit

Two follow-up visits were conducted in this study, and
all cases were followed up by telephone or outpatient
review. The first follow-up: November 2021. Follow-up
target: all cases meeting the enrollment criteria. Second
follow-up: November 2023. Follow-up target: 245 breast
cancer patients corresponding to the collected pathological
samples. In this study, overall survival (OS) and disease-
free survival (DFS) were used as indicators to assess the
prognosis of breast cancer patients.

Survival analysis

Survival analyses were performed using the Kaplan—Meier
method and log-rank test, with the cut-off value set in the
presence of LVI. Univariate and multivariate Cox regres-
sion analyses were used to assess the effect of clinical vari-
ables on patients' OS and DFS. Prognostic variables with
P <0.05 in the univariate Cox regression analysis were
included in the multivariate Cox regression analysis. For-
est plots were visualized using the R package ggplot2 [12].

Statistical analysis

The xiantao platform (https://www.xiantao.love), built on
R, was used to perform the statistical analyses. All statisti-
cal analyses were performed using R (version 4.2.1). The
correlation between LVI and clinicopathological factors
was analyzed using the chi-square test, and factors satis-
fying P <0.05 in the chi-square test were included in the
multivariate logistic regression. The correlations between
D2-40 staining of LVI and N stage, localized recurrence
of breast cancer, as well as the correlation between CD34
staining and organ metastasis of breast cancer, were exam-
ined using the chi-square test. All tests were two-sided,
and P <0.05 was considered statistically significant.
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Results

Correlation between LVI and clinicopathological

factors

Univariate analysis showed that LVI in breast cancer was
associated with T stage, N stage, histological type, histologi-

cal grade, pathological molecular type, Ki-67 status, patho-

logic stage, neurological invasion, and soft tissue invasion
(P<0.05). LVI was not associated with anatomic neoplasm
subdivisions, menopause status, age, ER status, PR status,

Table 2 Clinicopathological characteristics of LVI positive and LVI negative expression groups

Characteristics Levels LVI positive LVI negative P value

Anatomic neoplasm subdivisions, n (%) Right 205(9.7%) 820(38.6%) 0.135
Left 192(9%) 907(42.7%)

Age, n (%) >40 357(16.8%) 1573(74.1%) 0.470
<40 40(1.9%) 154(7.3%)

Menopause status, n (%) Postmenopausal 244(11.5%) 1047(49.3%) 0.849
Premenopausal 148(7%) 652(30.7%)
Hysterectomy 5(0.2%) 28(1.3%)

Histological type, n (%) Infiltrating ductal carcinoma 377(17.7%) 1592(75%) 0.003
Infiltrating lobular carcinoma 1(0%) 59(2.8%)
Other types 19(0.9%) 76(3.6%)

Histological grade, n (%) 1 3(0.2%) 46(2.3%) <0.001
11 153(7.7%) 877(43.9%)
I 223(11.2%) 694(34.8%)

T stage, n (%) Tl 148(7%) 1034(48.7%) <0.001
T2 212(10%) 646(30.4%)
T3 26(1.2%) 35(1.6%)
T4 11(0.5%) 12(0.6%)

N stage, n (%) NO 92(4.3%) 1161(54.7%) <0.001
N1 167(7.9%) 393(18.5%)
N2 62(2.9%) 114(5.4%)
N3 76(3.6%) 59(2.8%)

Pathologic stage, n (%) Stage I 60(2.8%) 781(36.8%) <0.001
Stage 1T 189(8.9%) 759(35.7%)
Stage III 148(7%) 187(8.8%)

PAMS50, n (%) Luminal A 52(2.4%) 352(16.6%) 0.005
Luminal B 263(12.4%) 1026(48.3%)
Triple-negative 45(2.1%) 216(10.2%)
Her-2 overexpressing 37(1.7%) 133(6.3%)

ER status, n (%) Positive 288(13.6%) 1291(60.8%) 0.442
Negative 97(4.6%) 374(17.6%)
Weakly positive 12(0.6%) 62(2.9%)

PR status, n (%) Positive 246(11.6%) 1099(51.7%) 0.823
Negative 115(5.4%) 478(22.5%)
Weakly positive 36(1.7%) 150(7.1%)

Ki67 status, n (%) <14% 66(3.1%) 430(20.2%) <0.001
> 14% 331(15.6%) 1297(61.1%)

HER-2 status, n (%) Positive 98(4.6%) 353(16.6%) 0.062
Negative 299(14.1%) 1374(64.7%)

Neurological invasion, n (%) Positive 78(3.7%) 134(6.3%) <0.001
Negative 319(15%) 1593(75%)

Soft tissue invasion, n (%) Positive 30(1.4%) 43(2%) <0.001
Negative 367(17.3%) 1684(79.3%)
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Characteristics Total(N) OR(95% ClI) p value
Histological type 2124 |
Invasive ductal carcinoma of the breast 1969 Reference :
Invasive lobular carcinoma of the breast 60 0 ! 0.968
Other types 95 0.801 (0.284 - 2.256) - 0.674
Histological grade 1996 :
| 49 Reference \
Il 1030 1.407 (0.411-4.823)  p—t 0.587
] 917 2.505 (0.718 - 8.739) o 0.15
T stage 2124 |
T1 1182 Reference !
T2 858 1.638 (1.177 - 2.279) #o 0.003
T3 61 2.245 (1.043 - 4.833) [ 0.039
T4 23 2.060 (0.643 - 6.600) feo—— 0.224
N stage 2124 :
NO 1253 Reference |
N1 560 5.579 (3.714 - 8.381) | < 0.001
N2 176 7.084 (2.145 - 23.398) L 0.001
N3 135 15.215(4.631-49.985) 1+ +——————— <0.001
Clinical stage 2124 )
Stage | 841 Reference :
Stage Il 948 0.726 (0.427 - 1.232) k 0.235
Stage Il 335 0.633 (0.178 -2.257) k= 0.481
PAM50 2124 :
Luminal A 404 Reference !
Luminal B 1289 0.811 (0.383 - 1.716) L 0.583
Triple-negative 261 0.561 (0.241 - 1.305) r 0.18
Her-2 overexpressing 170 0.685 (0.289 - 1.623) o 0.39
Ki67 2124 !
<14% 496 Reference :
>14% 1628 1.114 (0.557 - 2.226) - 0.76
Neurological invasion 2124 :
Negative 1912 Reference 1
Positive 212 2.357 (1.648 - 3.373) rom < 0.001
Soft tissue invasion 2124 :
Negative 2051 Reference :
Positive 73 1.045 (0.558 - 1.956) d 0.891

Fig. 1 Forest map based on logistic models associated with LVI

and Her-2 status (Table 2). A multivariate logistic regres-
sion model and forest map based on the association of LVI
showed that LVI was strongly associated with T stage, N
stage, and neurological invasion (P <0.05) (Fig. 1).

Prognostic value of LVI in breast cancer

Survival analyses showed that patients with LVI had a worse
prognosis for both OS and DFS compared with patients with-
out LVI (OS: hazard ratio [HR] =2.55, 95%CI=1.76-3.69,
P <0.001; DFS: HR=3.12, 95% CI=2.28-4.25, P <0.001)
(Fig. 2A, B). The results of multivariate Cox regression
analysis showed that LVI was an independent prognostic
factor affecting OS and DFS in invasive breast cancer (OS:
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adjusted HR = 1.548, 95% CI=1.002-2.390, P =0.049;
DFS: adjusted HR =1.779, 95% CI=1.242-2.549,
P=0.002) (Fig. 3, Fig. 4).

Prognostic value of LVl in different subgroups
of breast cancer

Survival analyses in different subgroups of breast cancer
showed that patients with LVI had a worse OS and DFS
prognosis in luminal B, triple-negative, and Her-2 overex-
pressing breast cancers. In luminal A breast cancer, the dif-
ference in OS and DFS prognosis between patients with LVI
and controls was not statistically significant (Figs. SA-D,
6A-D).
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Fig.2 Prognostic values of LVI in patients with breast cancer evaluated by the Kaplan—-Meier method. Overall survival (A) and disease-specific

survival (B) for breast cancer patients with or without LVI

The value of specific vascular endothelial markers

We used D2-40 versus CD34 for immunohistochemical
labeling of each of the 245 paraffin-embedded breast cancer
tissues. Of these tissues, 68 had positive staining for D2-40,
while 50 had positive staining for CD34. Representative
images are shown in Fig. 7 (Fig. 7A-D). Chi-square analy-
sis results indicated that positive D2-40 staining of LVI was
linked to both N stage and localized recurrence of breast
cancer. On the other hand, there was no correlation found
between positive CD34 staining of LVI and organ metastases
of breast cancer (Table 3, 4).

Discussion

Clinicopathological characteristics that predict the prognos-
tic risk of cancer are responsible for the improved survival
results that breast cancer patients experience under the pre-
sent therapy paradigm. Through effective targeting, clini-
cians are provided with appropriate therapeutic approaches
for patients with breast cancer in various risk groups. Preci-
sion medicine is now the standard of care for breast cancer
patients, and creating effective treatment regimens requires
accurate risk classification of the illness. Conventional prog-
nostic risk indicators, like TNM staging and histological
grading, are well known and used in reputable prognostic
evaluation systems for breast cancer, like the AJCC [13].
However, these factors did not show high prognostic value in
specific categories of breast cancer. This suggests that cur-
rent staging systems are still insufficient to accurately predict

prognosis and accurately reflect the biological heterogeneity
of breast cancer [14, 15].

The essential condition for the systematic spread of breast
cancer cells to other regions is that they must first penetrate
and spread throughout the lymphovascular system [16].
Tumor cells in the endothelial lining space of lymphatic ves-
sels or blood vessels surrounding the primary tumor might
enter adjacent lymphatic vessels or blood vessels and bind
to one another, forming a tumor embolism known as LVI
[17]. The College of American Pathologists recommends
assessing and reporting LVI in all cancer protocols, which
is the gold standard for cancer reporting [18]. Though its
predictive utility in breast cancer is still debatable, LVI cer-
tainly plays a role in treatment selection for breast cancer.
For patients with LVI, the St. Gallen International Con-
sensus Guidelines recommend whole-breast irradiation as
opposed to localized irradiation [19]. According to recent
investigations, the 21-gene recurrence score can be reliably
determined by detecting LVI [20]. Consequently, know-
ing how LVI affects breast cancer patient survival and the
progression of the disease may lead to new therapeutic and
diagnostic approaches that will enhance the prognosis of
breast cancer patients.

In this study, we collected data from approximately two
thousand invasive breast cancer patients who had therapy at
our medical center during the previous nine years. Consistent
with earlier studies [21], statistical analysis revealed that LVI
was linked to detrimental clinicopathological characteristics,
such as T stage, N stage, and neurological invasion. Tumor
size and lymph node metastasis of breast cancer are intuitive
bases for predicting cancer recurrence and metastasis, both
of which are closely related to the degree of differentiation
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Characteristics Total(N) HR(95% CI) P value
LVI 1856 :
negative 151 Reference |
positive 345 1.548 (1.002 - 2.390) ko 0.049
Menopause status 1856 :
Post-menopausal 1119 Reference |
Premenopausal 705 0.537 (0.349 - 0.826) ! 0.005
Hysterectomy 32 2.261 (0.541 - 9.445) :- —_— 0.263
Histological grade 1748 I
| 45 Reference :
Il 916 0.224 (0.064 - 0.779) | 0.019
11 787 0.336 (0.092 - 1.230) K 0.099
T stage 1856 :
T1 1044 Reference |
T2 742 3.764 (1.680 - 8.432) | ———————t 0.001
T3 50 8.975 (3.349 - 24.052) : < 0.001
T4 20 12.033 (2.756 - 52.544) " < 0.001
N stage 1856 !
NO 1109 Reference |
N1 479 1.332 (0.696 - 2.551) [o— 0.387
N2 154 6.919 (1.316 - 36.372) ! 0.022
N3 114 6.193 (1.185 - 32.359) : 0.031
Pathologic stage 1856 I
Stage | 750 Reference !
Stage Il 816 0.373 (0.137 - 1.016) !t 0.054
Stage Il 290 0.227 (0.033 - 1.537) - 0.129
PAMS50 1856 !
Luminal A 355 Reference :
Luminal B 1138 0.512 (0.132 - 1.981) e 0.332
Triple-negative 216 1.015 (0.108 - 9.510) :!—- 0.989
Her-2 overexpressing 147 0.522 (0.059 - 4.662)  — 0.561
ER status 1856 !
Negative 398 Reference :
Weakly positive 63 1.624 (0.295 - 8.957) po— 0.578
Positive 1395 1.249 (0.269 - 5.808) — 0.776
PR status 1856 |
Negative 504 Reference |
Weakly positive 164 0.719 (0.281 - 1.840) = 0.492
Positive 1188 0.752 (0.372 - 1.523) Il'- 0.429
Ki67 status 1856 |
<14% 437 Reference !
>14% 1419 1.398 (0.410 - 4.771) bo—rs 0.592
HER status 1856 I
Negative 1451 Reference !
Positive 405 1.310 (0.735 - 2.333) E — 0.36
Neurological invasion 1856 I
Negative 1663 Reference !
Positive 193 1.460 (0.833 - 2.560) E(«—- 0.186
Soft tissue invasion 1856 |
Negative 1793 Reference :
Positive 63 0.610 (0.236 - 1.576) [ 0.308

Fig.3 Forest map based on multivariate Cox analysis for overall survival

12

of the tumor cells and the invasive ability of the cancer. Our
study's findings indicate that even in the absence of lymph
node metastases, breast cancer patients with LVI are at risk
for recurrence, so it's important to evaluate carefully whether
postoperative adjuvant radiation therapy should be used in
these cases following the recommended course of treatment
for lymph node metastases.

Key indicators for evaluating the prognosis of patients
are the overall and disease-free survival rates for breast
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cancer. In our study, breast cancer patients with LVI had
worse OS and DFS prognosis. LVI predicts a poor prog-
nosis in all subtypes of breast cancer, except luminal A.
LVI, T stage, N stage, and menstrual status were independ-
ent predictive biomarkers of poor OS and DFS in patients
with invasive breast cancer, according to survival analysis.
Our research indicates that, when it comes to determining
the predictive risk of breast cancer, LVI is not less use-
ful than conventional clinicopathological factors such as
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Characteristics Total(N) HR(95% CI) P value
LVI 1856 X
negative 1511 Reference !
positive 345 1.779 (1.242 - 2.549) :r - 0.002
Histological grade 1748 !
[ 45 Reference !
Il 916 0.225 (0.066 - 0.770) I 0.017
1] 787 0.303 (0.086 - 1.061) IE 0.062
T stage 1856 I
T1 1044 Reference :
T2 742 1.889 (1.131 - 3.155) o— 0.015
T3 50 4.825 (2.284 - 10.193) : —_—— < 0.001
T4 20 3.538 (1.111 - 11.262) — 0.032
N stage 1856 :
NO 1109 Reference )
N1 479 1.678 (0.984 - 2.863) eo— 0.057
N2 154 15.005 (3.003 - 74.980) : < 0.001
N3 114 10.004 (2.005 - 49.919) ! 0.005
Pathologic stage 1856 :
Stage | 750 Reference |
Stage Il 816 0.791 (0.376 - 1.664) }H 0.536
Stage Il 290 0.201 (0.035 - 1.153) K 0.072
PAM50 1856 :
Luminal A 355 Reference I
Luminal B 1138 0.769 (0.203 - 2.907) }'—' 0.699
Triple-negative 216 1.009 (0.150 - 6.770) — 0.993
Her-2 overexpressing 147 1.416 (0.215 - 9.321) Ii _— 0.718
ER status 1856 I
Negative 398 Reference !
Weakly positive 63 2.008 (0.578 - 6.974) 'r— 0.272
Positive 1395 1.018 (0.344 - 3.012) I— 0.974
PR status 1856 !
Negative 504 Reference !
Weakly positive 164 1.182 (0.556 - 2.511) :—' 0.664
Positive 1188 1.010 (0.544 - 1.878) " 0.974
Ki67 status 1856 |
£14% 437 Reference I
>14% 1419 2.383 (0.726 - 7.824) }'— 0.152
HER status 1856 |
Negative 1451 Reference !
Positive 405 1.081 (0.680 - 1.717) P 0.743
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Fig.4 Forest map based on multivariate Cox analysis for disease-free survival

tumor size and lymph node metastatic status. As a result,
when formulating treatment plans, physicians shouldn't
ignore the prognostic significance of LVI in breast cancer.
In the meanwhile, patients having LVI for breast cancer
may have an increased chance of developing recurring
metastases. These individuals ought to be categorized as
having a medium or high risk of developing new cancer
metastases, and they ought to be the target of appropriate
adjuvant therapy plans.

Malignant tumor cells extrude the junction of lymphatic
endothelial cells (LEC) and move along the LEC to the
subsequent stop lymph nodes and organs during lymphatic
metastasis of breast cancer [9]. Tumor cells use LEC to
facilitate malignancy invasion within the tumor microen-
vironment [22]. Kahn et al. [23] identified the monoclonal
antibody D2-40 as a lymphatic vessel endothelial marker
in 2002. When it comes to assessing lymphatic vessel inva-
sion, D2-40 outperforms H&E staining in two ways: first,
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it can identify tumor emboli that are obstructing the lym-
phatic vessel lumen; second, it can distinguish between
tumor aggregates because of tissue contraction during fixa-
tion and retraction artifacts that separate tumor emboli in
the lymphatic vessel space. D2-40 enhanced the detection
of lymphatic vessel invasion in primary tumors, according
to Kahn's study. Debald et al. [24] recommended routine
D2-40 immunohistochemical staining to improve recogni-
tion of lymphatic vessel invasion. In this study, we used
D2-40 immunohistochemical staining to mark breast can-
cer tissue showing LVI under H&E staining. According to
the findings, patients with positive D2-40 staining predicted
a higher risk of N-stage and localized recurrence of the
tumor. Since positive D2-40 staining suggests the presence
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of lymphatic vessel invasion, it is reasonable to assume that
lymphatic vessel invasion, rather than blood vessel invasion
(BVI), is a relevant risk factor for promoting lymph node
metastasis and localized recurrence of breast cancer. This
offers novel perspectives on how lymphatic vessel invasion
affects the progression of breast cancer development. There-
fore, we believe that D2-40 could be added to the diagnostic
procedures for breast cancer LVI as a complement to H&E
staining.

Tumor-associated angiogenesis is one of the mecha-
nisms that contribute to the high degree of invasiveness
of breast cancer as it advances. According to Modi et al.
[25], there is an important connection between inflamma-
tory breast cancer and the dermal vasculature. They also
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proposed that the extent of dermal vascular involvement
be clarified. Lin et al. [26] concluded that BVI is an inde-
pendent predictor of poor prognosis in operable breast can-
cer and is associated with aggressive clinicopathological
features. CD34 is a currently recognized sensitive marker
of tumor neovascular endothelium, which is present in the
endothelial cells of microvessels [27]. In this study, we
attempted to utilize CD34 IHC staining to identify LVI in
breast cancer. The results of this research, however, did not
support the hypothesis that the presence of tumor cells in
the bloodstream causes organ metastases in breast cancer.
The low sample size of the research and the restriction
on the BVI detection rate by CD34 are potential causes
of this. Consequently, more research is still required to

confirm the correlation between vascular invasion and
breast cancer.

Although our study provides novel insights into the pre-
dictive significance of LVI in breast cancer, there are limi-
tations that must be taken into account. First off, selection
bias could have occurred because all of the cases in this
study originated from only one therapy center. Second, even
though all study participants received the recommended
course of treatments under the guidance and supervision of
medical professionals and in accordance with breast cancer
management guidelines, we cannot completely rule out the
possibility that some patients' failure to comply with the
recommended course of treatment due to the side effects of
adjuvant therapy may have influenced the study's findings.
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Table 3 Correlations of D2-40 staining of LVI with N stage and

localized recurrence of breast cancer

Characteristics Negative expres-  Positive expres- P value
sion of D2-40 sion of D2-40

N stage, n (%) 0.013

NO 45 (18.4%) 11 (4.5%)

N1 79 (32.2%) 28 (11.4%)

N2 31 (12.7%) 9 (3.7%)

N3 22 (9%) 20 (8.2%)

Localized recur- 0.034
rence, n (%)

Normal 166 (67.8%) 58 (23.7%)

Recurrence 11 (4.5%) 10 (4.1%)

Table 4 Correlation of CD34 staining of LVI with organ metastasis

of breast cancer

Characteristics Negative expres-  Positive expres- P value
sion of CD34 sion of CD34
Tumor organ 0.234
metastases, n (%)
Normal 167 (68.2%) 46 (18.8%)
Metastasis 28 (11.4%) 4 (1.6%)
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Finally, the irregular structure of LVI led to a false-negative
rate when we used D2-40 and CD34 for specific labeling of
LVIin breast cancer. This was because it was impossible to
ensure complete labeling of each LVI category during the
sampling and staining process. Therefore, deeper investiga-
tions may be required to demonstrate the effect of LVI on the
prognosis of breast cancer and the significance of specific
vascular endothelial markers in research.

Conclusions

According to this study, LVI is an independent poor prog-
nostic factor in invasive breast cancer and is associated with
aggressive clinicopathological characteristics. Furthermore,
the metastasis of lymph nodes and the localized recurrence
rate of breast cancer are influenced by lymphatic vessel inva-
sion. Immunohistochemical staining for specific vascular
endothelial markers can help to classify LVI and advance
further research on LVI in breast cancer. According to our
findings, LVI is an effective biomarker for predicting the
prognosis of breast cancer. Nevertheless, further study is
required to clarify and evaluate the mechanisms via which
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LVI regulates the development and progression of breast
cancer.
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