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An evaluation of lymphovascular invasion in relation to biology
and prognosis according to subtypes in invasive breast cancer
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Abstract. Lymphovascular invasion (LVI) is associated
with a poor outcome in breast cancer. The purpose of the
present study was to evaluate the clinical significance of
LVI in primary breast cancer and to investigate disease-free
survival as a prognostic marker according to the breast cancer
subtypes. This study examined 4,652 consecutive cases of
invasive breast cancer excluding the patients with non-invasive
cancer, stage IV and those who underwent neo-adjuvant
therapy from February 2002 to February 2021. The clinico-
pathological characteristics and prognosis of LVI-positive
and -negative tumors were compared. LVI was evaluated in
H&E staining specimens from surgically resected samples.
The LVI expression rates were 29.2% (low, 19.7%; high, 9.5%)
in all primary cases. The LVI-positive rate was significantly
associated with specimens with the following characteris-
tics: ER/PgR-negative, HER2-positive, pS3 overexpression,
higher Ki-67 index values, higher nuclear grade, positive
nodes and larger tumors. Moreover, the subtypes were signifi-
cantly associated with LVI positivity; 20% in Luminal A,
34.6% in Luminal B, 40.9% in Lumina/HER2, 38.1% in
HER?2-enriched and 29.8% in triple negative (TN). There were
significant differences in disease-free survival between LVI
status in Luminal A, Luminal B and TN subtypes, but there
was no difference in the Luminal/HER2 and HER2-enriched
subtypes. A multivariate analysis revealed that LVI was a
significant factor in Luminal B and TN subtypes. Overall, LVI
was significantly associated with the advanced and aggressive
characteristics in breast cancer. Luminal A type had a lower
LVI rate, and HER?2 type had a higher LVI rate. Moreover,
LVI was a significant prognostic factor in Luminal B and TN
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subtypes. These data suggested that the LVI status was useful
in predicting the prognosis in HER2 negative breast cancer
cases.

Introduction

Breast cancer (BC) is the most common cancer diagnosed
among women in Japan and globally (1). The number of breast
cancer cases among women in Japan was estimated to be the
highest at ~92,000 in 2020 (2).

Identification of clinically predictive and prognostic
factors is important in the treatment of BC. Various prognostic
and predictive factors for BC have been recognized by the
College of American Pathologists (CAP) to guide the clinical
management of BC patients. The prognostic factors for BC are
lymph node status, tumor size, lymphatic/vascular invasion,
age, histologic grade, histologic subtypes (i.e. tubular, muci-
nous, or papillary), response to neoadjuvant therapy, estrogen
receptor (ER)/progesterone receptor (PgR) status, HER2 gene
amplification or HER2 protein overexpression (3). Metastasis
of the axillary lymph nodes is an indication that the BC may
have spread to other organs. Survival and recurrence are inde-
pendent of level of involvement but are directly related to the
number of involved nodes.

There are five main intrinsic or molecular subtypes of
BC that are derived from immunohistochemistry (IHC) of
ER/PgR, HER2, and Ki-67. They are Luminal A, Luminal
B, Luminal/HER2, HER?2 enriched and Triple Negative (TN)
subtypes. The subtypes are important to predict the biology,
response to therapy and prognosis of each case.

Lymphovascular invasion (LVI) is defined as the invasion
of the vessel walls by tumor cells and/or the presence of tumor
emboli within an endothelial-lined space. LVI may be consid-
ered as the initial stage for lymph node metastasis and other
types of organ metastases. Moreover, LVI is associated with a
poor outcome in several types of cancer such as colorectal (4),
urothelial (5), prostate (6) and uterine endometrial cancer (7)
other than BC. The first study on the prognostic significance of
LVIin BC was published in 1964 (8). The purpose of this study
was to evaluate the clinical significance of LVI in primary BC
and to investigate disease-free survival (DFS) as a prognostic
marker according to the BC subtypes. The clinical significance
of LVI was analyzed to investigate the biology and prognosis.
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Patients and methods

Patients. This study examined 4,652 consecutive invasive
BC cases excluding the patients with non-invasive cancer,
Stage IV and those who underwent neo-adjuvant therapy from
February 2002 to February 2021 at Kumamoto City Hospital
and Kumamoto Shinto General Hospital. The study protocol
was approved by the Institutional Review Board at Kumamoto
Shinto General Hospital. The clinicopathological factors
investigated were menopausal status, nodal status, lymphovas-
cular invasion (LVI), tumor size, nuclear grade, ER/PgR and
HER?2 status, p53 overexpression and the Ki-67 index value.
Invasive BC was divided into 5 subtypes according to the
[HC data derived from ER/PgR, HER2 and the Ki-67 index
values (cutoff point: 20%). Informed consent to participate in
this study was obtained from all of the patients. The clinico-
pathological characteristics and prognosis of LVI positive and
negative tumors were compared.

Histopathological examination. Immunostaining for ER,
PgR, p53, Ki-67 and HER2 was conducted using the same
procedure (9) as the autostainer (Benchmark XT; Ventana
Medical Systems, Inc., Tucson, USA). The positive cell rates for
ER/PgR were determined by IHC using the monoclonal rabbit
ER-antibody SP1/PgR-antibody 1E2 and a value of =1% was
considered positive. The antibodies used for IHC were HER2
(clone 4B5; rabbit monoclonal; all Ventana Medical Systems,
Inc.), p53 (clone DO7; mouse monoclonal) and Ki-67 (clone
MIB-1; mouse monoclonal; both Dako; Agilent Technologies,
Inc., Santa Clara, CA, USA). The positive rate for Ki-67 was
calculated based on a count of at least 500 tumor cells in the
hot spot and the value was represented as a percentage. The
p53 overexpression was predetermined to be the number of
cases with a positive cell count of =50% (10). The HER2
status was dichotomized into positive and negative cases using
[HC and the FISH test. Cases with IHC3+ (strong and diffuse
staining) or FISH amplified were identified as HER2 positive.

Lymphovascular invasion (LVI). LVI was routinely evaluated
at peritumoral areas in hematoxylin and eosin (H&E) staining
specimens from surgically resected samples. LVI was defined
as the presence of carcinoma cells (LVI positive; high and low)
within the lymphatic vessel. When the results were undetermined
mainly due to the difficulty in excluding tissue retraction arti-
facts, a specific marker for lymphatic endothelium (podoplanin,
clone D2-40, mouse monoclonal, Dako) was used to identify the
endothelium-lined lymphatic spaces. Fig. 1 shows the detection
of low (A and B) and high (C and D) expression of LVI in H&E
staining (A and C, x100) and D2-40 immunostaining (B and D,
x100) specimens. A previous study demonstrated that there was
a significant association between routine H&E-stained sections
and immunostaining for D2-40 in 976 lymph node-negative
patients (11). Proper tissue handling of surgically removed BC
tumors is critical for an accurate assessment of the predictive
and prognostic biomarkers (i.e. Ki-67 index value) and the tissue
retraction artifacts are also known to be caused by insufficient
fixation (12). At our hospital great care is taken to avoid insuf-
ficient tissue fixation (13) because an inaccurate assessment of
blood vessel invasion of tumor cells does not provide sufficient
data on the key antibodies CD31, CD34, and podoplanin/D2-40

Table I. Characteristics of 4,652 patients with primary breast

cancer.

Characteristic

Number of patients, n (%)

Menopausal status

Premenopausal 1,614 (34.7)

Postmenopausal 3,026 (65.0)

Male 12 (0.3)
Tumor size

T1 3,286 (70.6)

T2 1,205 (25.9)

T3,4 120 (2.6)

Unknown 41 (0.9)
Number of involved nodes

0 3,242 (69.7)

1-3 1,062 (22.8)

>4 338 (7.3)

Unknown 10 (0.2)
Estrogen receptor

Negative 888 (19.1)

Positive 3,764 (80.9)
Progesterone receptor

Negative 1,299 (27.9)

Positive 3,353 (72.1)
HER2

Negative 4,030 (86.6)

Positive 622 (13.4)
pS3-overexpression

Without 3,769 (81.0)

With 701 (15.1)

Unknown 182 (3.9)
Ki-67

<20% 1,887 (40.6)

21-49% 2,022 (43.4)

>50% 743 (16.0)
Grade

1 2,466 (53.0)

2 1,078 (23.2)

3 1,108 (23.8)
Total 4,652

HER2, receptor tyrosine-protein kinase erbB-2.

and produces a lower frequency of blood vessel invasion
(~3%) (12). In this study, we did not use both CD31 and CD34
antibodies for the detection of LVI.

BC subtypes and adjuvant therapy. Hormone receptor (HR)
positive (ER/PgR) and HER2 negative tumors with lower
Ki-67 index values (<20%) were classified as luminal A type,
those with higher Ki-67 index values (=20%) as luminal
B type, HR positive and HER2 positive tumors as luminal
HER2 type, HR negative and HER?2 positive tumors as HER2
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Figure 1. Detection of low and high expression of LVI in H&E staining and D2-40 immunostaining specimens. A representative case with low LVI stained
with (A) H&E and (B) D2-40. A representative case with high LVI stained with (C) H&E and (D) D2-40. Black arrows indicate LVI (all magnification, x100).

H&E, hematoxylin and eosin; LVI, lymphovascular invasion.

enriched, and HR negative and HER?2 negative tumors as TN
type. Most of the cases with luminal type tumors received
endocrine therapy (tamoxifen or aromatase inhibitor) and
most of the cases with TN and HER2 type were treated with
chemotherapy (anthracycline containing regimen +/- taxane,
and anti-HER?2 therapy if HER2 positive). Anti-HER?2
therapy (trastuzumab) was used in Japan after receiving
approval in 2008.

Statistical analysis. The intergroup comparisons between the
LVI-positive (low and high) and LVI-negative groups were
conducted using the chi-square test and the Fisher's exact
test; the P-value applies to the overall comparison of the three
groups. The Kaplan-Meier test was used to calculate cumula-
tive disease-free survival (DFS) and tested with the log rank
procedure. The univariate and multivariate analyses for factors
related to DFS were performed using the Cox proportional
hazard model (SPSS version 21). The prognosis was compared
between LVI-positive and LVI-negative groups. The median
follow-up period was 95.0 months.

Results
Patient characteristics. Table I shows the patient characteris-

tics. Out of 4652 cases, 65% of the cases were postmenopausal,
and 70% of the cases had a T1 (<2 cm) tumor and pathologically

negative nodes. In terms of the biological markers, the ER- and
PgR-positive rates were 80.9 and 72.1%, respectively. HER2
positive cases had a rate of 13.4% and the p53 overexpression
cases had a rate of 15.1%. Low proliferation (Ki-67 <20%)
was observed in 40.6% of the cases and high proliferation
(50%=< Ki-67) in 16% of the cases.

Clinicopathological factors and LVI in primary BC. The LVI
expression rates were 29.2% (low: 19.7% and high: 9.5%) in all
primary cases. Table II shows a significant positive associa-
tion between the LVI positive rate and the ER/PgR negative
rate (P=0.007 and P=0.01, respectively), HER2 positive rate
(P<0.0001), p53 overexpression (P<0.0001), higher Ki-67
index values (P<0.0001), higher nuclear grade (P<0.0001),
positive nodes (P<0.0001), and larger tumors (P<0.0001).

BC subtypes and LVI. The subtypes was significantly
associated with LVI positivity; 20% in Luminal A, 34.6%
in Luminal B, 40.9% in Luminal/HER2, 38.1% in HER2
enriched, and 29.8% in TN cases (Table III).

Adjuvant therapy and LVI in primary BC. There was a
significant relationship between the level of LVI and adjuvant
therapy. Most of the cases with negative LVI did not receive
chemotherapy and more than 50% of the cases with positive
LVI had chemo-endocrine therapy (Table IV).
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Table II. Clinicopathological factors and LVI in primary breast cancer (n=4652).

LVI-negative

Variables Category LVI-positive Low High Total P-value®
Menopausal status Premenopausal 1,066 (66.0) 342 206 (12.8) 1,614
Postmenopausal 2,218 (73.3) 574 234 (7.7) 3,026 <0.0001
Male 9(75.0) 1 2 (16.7) 12
Tumor size Tl 2,589 (78.8) 538 159 (4.8) 3,286
T2 623 (51.7) 342 240 (19.9) 1,205 <0.0001
T3,4 54 (45.0) 28 38 (31.7) 120
Number of Involved Nodes 0 2,656 (81.9) 486 100 (3.1) 3,242
1-3 528 (49.7) 333 201 (18.9) 1,062 <0.0001
>4 104 (30.8) 92 141 (41.7) 338
Estrogen receptor Negative 597 (67.2) 184 107 (12.0) 888
Positive 2,696 (71.6) 733 335(8.9) 3,764 0.007
Progesterone receptor Negative 906 (69.7) 243 150 (11.5) 1,299
Positive 2,387 (71.2) 674 292 (8.7) 3,353 0.01
HER2 Negative 2918 (72.4) 761 351 (8.7) 4,030
Positive 375 (60.3) 156 91 (14.6) 622 <0.0001
pS3 overexpression Without 2,693 (71.5) 741 335(8.9) 3,769 >
With 442 (63.1) 160 99 (14.1) 701 <0.0001
Ki-67 <20% 1,501 (79.5) 299 87 (4.6) 1,887
21-49% 1,297 (64.1) 469 256 (12.7) 2,022 <0.0001
>50% 495 (66.6) 149 99 (13.3) 743
Nuclear grade 1 1,980 (80.3) 360 126 (5.1) 2,466
2 615 (57.1) 315 148 (13.7) 1,078 <0.0001
3 698 (63.0) 242 168 (15.2) 1,108
Total 3,293 917 442 4,652

*The P-value shows that there was a significant difference when the LVI negative group was compared to both the high and low positive groups.
LVI, lymphovascular invasion; HER2, receptor tyrosine-protein kinase erbB-2.

Table III. Breast cancer subtypes and LVI.

LVI-positive

P-value
Subtype LVI-negative Low High Total (vs. Luminal A)
Luminal A 1,409 (80.0) 277 75 (4.3) 1,761 -
Luminal B 1,149 (65.4) 390 219 (12.5) 1,758 <0.0001
Luminal/HER2 182 (59.1) 77 49 (15.9) 308 <0.0001
HER2-enriched 193 (61.9) 78 41 (13.1) 312 <0.0001
Triple negative 360 (70.2) 95 58 (11.3) 513 <0.0001
Total 3,293 917 442 4,652 <0.0001

LVI, lymphovascular invasion; HER2, receptor tyrosine-protein kinase erbB-2.

Disease-free survival (DFS) according to BC subtypes
and LVI status. DFS rates after initial treatment according
to BC subtypes are shown in Fig. 2. Cases with negative
LVI had a significantly higher DFS rate than those with
positive LVI in the Luminal A type cases. Similar findings

were observed in the Luminal B type cases. There were
significant differences in DFS between the LVI positive
and negative status in the TN subtypes, but there was no
difference in the Luminal/HER2 and HER2 enriched
subtypes (Fig. 2).
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Table IV. Adjuvant therapy and LVI in primary breast cancer.
LVI-positive
P-value
Adjuvant therapy LVI-negative Low High Total (vs. none)
None 477 (85.0) 67 17 (3.0) 561 -
Chemotherapy 399 (62.1) 147 97 (15.1) 643 <0.0001
Endocrine therapy 2,034 (78.3) 445 118 (4.5) 2,597 0.0004
Chemo-endocrine therapy 378 (44.8) 258 209 (24.8) 845 <0.0001
Total 3,288 917 441 4,644
LVI, lymphovascular invasion.
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Figure 2. DFS according to BC Subtypes and LVI status. Cases with negative LVI had a significantly higher DFS rate compared with those with positive LVI
in the (A) Luminal A and (B) Luminal B type cases. There were significant differences in DFS between the LVI-positive and -negative status in the (C) triple
negative subtypes, but there was no difference in the (D) HER2-enriched and (E) Luminal/HER2 subtypes. DFS, disease-free survival; BC, breast cancer;

LVI, lymphovascular invasion; HER2, receptor tyrosine-protein kinase erbB-

Univariate and multivariate analysis of the factors for
DFS were performed using the following factors: tumor size,
nodal status, Ki-67 index value, p53 overexpression, nuclear
grade and LVI. A multivariate analysis revealed that LVI was
a significant factor in Luminal B and TN subtypes and not in
Luminal/HER?2 and HER?2 enriched subtypes (Table V).

Discussion

The clinical and prognostic significance of LVI in primary
BC, especially in relation to BC subtypes, was investigated in
this retrospective study. The LVI expression rates were 29.2%
(low: 19.7% and high: 9.5%) in all primary BC cases which
is similar to the findings in some studies (11,14-18), but lower
in other studies (19,20). LVI was significantly associated with
premenopausal status, larger tumors, positive nodes, negative

2.

ER/PgR, HER?2 positivity, p53 overexpression, higher Ki-67
index value and higher grade. These findings suggest that a
positive LVI may be an indication of advanced and aggressive
characteristics of primary BC tumors.

Our results demonstrate that LVI is a prognostic factor
for predicting patient outcomes. Previous studies reported
the prognostic value of LVI independent of lymph node
metastasis as well as other tumor characteristics such as
histological grade, PgR and HER?2 status (11,21,22). However,
some studies reported that LVI was not independently associ-
ated with the outcome in primary BC cases (23,24) and others
reported no association (25,26). In this study, the clinical
significance of LVI was evaluated according to BC subtypes.
Moreover, the subtypes were significantly associated with LVI
positivity (20% in Luminal A, 34.6% in Luminal B, 40.9%
in Lumina/HER?2, 38.1% in HER2 enriched, and 29.8% in
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Table V. Univariate and multivariate analysis of the factors for DFS according to breast cancer subtypes.

A, Luminal A

P-value
Variables Category Univariate Multivariate
Tumor size <2/z2 cm <0.0001 0.006
Nodal status Negative/positive <0.0001 <0.0001
Ki-67 <20%/>20% - -
P53 overexpression With/without <0.0001 <0.0001
Nuclear grade 1+2/3 0.065 0.25
LVI Negative/positive <0.0001 0.12
B, Luminal B

P-value
Variables Category Univariate Multivariate
Tumor size <2/z2 cm <0.0001 0.0001
Nodal status Negative/positive <0.0001 0.007
Ki-67 <20%/>20% - -
pS53 overexpression With/without 0.69 -
Nuclear grade 1+2/3 0.064 0.17
LVI Negative/positive <0.0001 <0.0001
C, Luminal/HER2

P-value
Variables Category Univariate Multivariate
Tumor size <2/z2 cm 0.041 0.095
Nodal status Negative/positive 0.023 0.17
Ki-67 <20%/>20% 0.18 -
p53 overexpression With/without 0.53 -
Nuclear grade 1+2/3 0.41 -
LVI Negative/positive 0.27 -
D, HER2-enriched

P-value
Variables Category Univariate Multivariate
Tumor size <2/z2cm 0.033 0.092
Nodal status Negative/positive 0.025 0.14
Ki-67 <20%/>20% 0.73 -
p53 overexpression With/without 0.23 -
Nuclear grade 1+2/3 0.96 -
LVI Negative/positive 0.09 0.75
E, Triple negative

P-value
Variables Category Univariate Multivariate
Tumor size <2/z2 cm <0.0001 <0.0001
Nodal status Negative/positive <0.0001 <0.0001
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Table V. Continued.
E, Triple negative

P-value
Variables Category Univariate Multivariate
Ki-67 <20%/>20% 0.024 0.068
p53 overexpression With/without 0.29 -
Nuclear grade 1+2/3 0.23 -
LVI Negative/positive <0.0001 <0.0001

LVI, lymphovascular invasion; HER2, receptor tyrosine-protein kinase erbB-2.

TN). Furthermore, a multivariate analysis revealed that LVI
was a significant factor for DFI only in the Luminal B and
TN subtypes. LVI is not a significant prognostic factor for
Luminal/HER2 and HER?2 enriched subtypes. Moreover,
LVI was found to be a predictive factor for recurrence in TN
BC (27). In a previous study it was reported (28) that there
was a relationship between Luminal B/HER2(-) and LVI,
basal-like and LVI (P<0.0001, and that there was no signifi-
cant statistical difference between LVI and other molecular
subtypes. A different study reported (29) that the presence
of LVI has an independent negative prognostic impact on
survival in early BC patients, except in ER-positive grade 3
tumors and in those with Luminal A-like tumors treated with
adjuvant chemotherapy. The current study demonstrated that
LVI is a significant predictor for DFS in Luminal B and TN
subtypes treated with chemotherapy. Furthermore, LVI with
more than a pathological complete response (pCR) in surgical
BC specimens obtained after neoadjuvant chemotherapy
(NAC) was a significant independent prognostic factor (29,30).
These data suggest that LVI at initial surgery as well as after
chemotherapy is a prognostic predictor for DFS in early BC.
Kariri et al (2020) stated that LVI develops through
complex molecular pathways and the acquisition of more
invasive migration abilities and that this is an important
phenomenon required for the process of LVI (31). Further
mechanistic evaluation is necessary to explore the inter-rela-
tionship of these processes in BC. Asaoka et al (2020)
reported that LVI correlated with higher genome copy
number aberrations, aneuploidy, and homologous recombina-
tion defects. Moreover, tumor immune cell composition and
cytolytic activity was not associated with LVTI status, but the
expression of cell proliferation-related genes significantly
increased in LVI positive tumors (32). Kurozumi er al (2019)
reported that LVI correlated with a specific transcriptomic
profile with a potential prognostic value (33). An examina-
tion of the potential factors influencing cell migration in LVI
can contribute to an understanding of the mechanisms of
LVI so that a targeted therapy for BC can be identified (31).
There are two potential limitations in this study. First, it
was a retrospective study. However, the follow-up period was
95.0 months in more than 4,000 cases and adjuvant treatment
was performed based on the recommendations of the St.
Gallen's International Meeting. Second, the subtypes were

identified using IHC markers. However, the IHC method is cost
efficient and does not need highly experienced technicians.

In conclusion, the clinical significance of LVI was analyzed
to investigate the biology and prognosis of BC cases. LVI
significantly was associated with larger tumors, positive nodes
and aggressive characteristics (i.e. Ki-67, p53 overexpression,
nuclear grade and subtype). Luminal A type had a lower LVI
rate and the HER2 type had a higher LVI rate. Moreover,
LVI was a significant prognostic factor in Luminal B and TN
subtypes. These data suggest that the LVI status is useful in
predicting the prognosis for DFS in HER?2 negative BC cases.
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