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Abstract: Objectives: Lymphovascular invasion (LVI) has been associated with a poor outcome in patients with breast 
cancer, but it is not included in international TNM staging system and molecular subtype criterion. The current stud-
ies have reported the relation between LVI and the tumor size (T), the status of axillary lymph node (ALN), age, 
histological grade in invasive breast cancer, but the results were debatable. So the meta-analysis was conducted to 
confirm the relation between LVI and the four clinicopathological factors. Methods: Literature was searched by en-
tering the terms: breast AND (neoplasm OR cancer OR carcinoma) AND (lymphovascular OR “lymphatic vessel” OR 
“vascular vessel” OR “blood vessel” OR “lymph vessel”) AND (invasion OR “carcinoma embolus”) AND (lymph node 
OR grade OR size OR clinicopathological) in PubMed, The merged odds ratio (OR) and 95% confidence interval (CI) 
were estimated using fixed-effect or random-effect model, RevMan 5.3 was used to analyze the relation between LVI 
and tumor size, status of ALN, age, histological grade in invasive breast cancer respectively. The fail-safe number 
was used to estimate publication bias. Results: The analysis included 6 studies, LVI positive rate was significant 
lower in T≤2 cm, ALN negative, age >50 y and histological grade 1 groups statistically. The OR and 95% CI were 0.53 
[0.46, 0.61], 0.23 [0.15, 0.35], 1.62 [1.42, 1.85], 0.36 [0.17, 0.77] respectively. Conclusions: LVI was significantly 
correlated with the expression status of the tumor size, status of ALN, age, histological grade in invasive breast 
cancer, and was consistent with adverse features of the four factors.
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Introduction

Breast cancer is a common cancer and one of 
the leading causes of cancer death in female. It 
accounts for 29% of all female new cancers 
and 15% of all female deaths due to cancers 
[1]. LVI is a key step of tumor cells reaching 
lymph node, therefore, LVI has been known as 
an independent predictor of lymph node metas-
tases. Lymph node positive breast cancer has 
a poor prognosis. In breast cancer, LVI has 
been as an independent predictor of disease-
free survival (DFS) as well as overall survival 
(OS) [2, 3]. The 2005 St. Gallen consensus gui- 
delines suggested LVI was recognized as one of 
the factors upon which to base treatment plan 
decisions [4].

LVI is assessed in the carcinoma tissue on 
hematoxylin and eosin (H&E) stained sections, 
it is defined as carcinoma cells present within a 
definite endothelial-lined space (lymphatic or 
blood vessel). So LVI include lymphatic and bl- 
ood vessel invasion. Routine assessment of  
LVI is now part of breast cancer pathology re- 
porting.

The prognosis of breast cancer varies with  
different TNM stage, age, histological grade. 
The current studies have reported the relation 
between LVI and the four factors in invasive 
breast cancer, but the results were disputed 
[5-10]. So this meta-analysis was conducted to 
confirm the correlation between LVI and the 
tumor size, the status of ALN, age, and histo-
logical grade.
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Materials and methods

Literature search strategy

Literature was searched by entering the terms: 
breast AND (neoplasm OR cancer OR carcino-
ma) AND (lymphovascular OR “lymphatic ves-
sel” OR “vascular vessel” OR “blood vessel” OR 
“lymph vessel”) AND (invasion OR “carcinoma 
embolus”) AND (lymph node OR grade OR size 
OR clinicopathological) in PubMed. The publish 
time of literature was unlimited. Only literature 
written in English language was included.

Inclusion criteria

All of the following criteria had to be included in 
literature for this analysis: (1) Patients with 
breast cancer were not subjected to radiother-
apy, hormone therapy and chemotherapy be- 
fore the pathological specimen were extracted. 
(2) The stages of the disease were T1-4N0-3M0-1 
or I-IV stages. (3) LVI was determined by H&E 
staining. (4) All literature was in English lan- 
guage.

Exclusion criteria

The literature in which the detection method of 
the LVI was not H&E, or from which the inter-

ested data could not be extracted was ex- 
cluded.

Data extraction

The following information was extracted from 
each eligible literature: authors’ names, year of 
publication, the tumor size, the status of ALN, 
age, histological grade, case date, study loca-
tion and LVI positive rate in each group.

Statistical analysis

RevMan 5.3 software was used to perform the 
meta-analysis. The OR and 95% CI were used 
to estimate the correlation of LVI and clinico-
pathological factors in the invasive breast can-
cer. The Mantel-Haenszel method was used to 
combine the ORs for the outcomes. The fixed-
effect or random-effect model was used to cal-
culate the pooled outcome according to hetero-
geneity. Each study was weighted according to 
the sample size. The heterogeneity among 
studies was defined significant when P<0.1 for 
χ2 test or I2>50%. Fail-safe number was used 
for detecting publication bias according to the 
formula Nfs0.05=(ΣZ/1.64)2-K.

Figure 1. The flowchart of literature search.
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Table 1. The characteristic of cases in invasive breast cancer in included studies
Characteristic of 
cases

LVI positive rate (no./cases)
Gujam FJ 2014 Lee JA 2011 Rakha EA 2012 Tezuka K 2007 Aitken E 2010 Wu JL 2014

Tumor size (cm)
    ≤2 38/185 1/41 559/1884 17/44
    >2 64/175 4/39 536/1232 50/88
ALN status
    negative 41/206 0/41 443/2426 24/63 70/398 157/742
    positive 61/154 5/39 683/1341 43/69 98/225 416/583
Age (years)
    ≤50 39/125 1/38 565/1572 26/42
    >50 63/235 4/42 563/2236 41/90
Histological grade
    1 10/48 0/15 72/622
    2/3 92/312 5/63 899/2633
Date 1995 to 1998 2005 to 2007 1989 to 2004 1997 to 2000 2003 to 2005 2004 to 2010
Location Royal Infirmary, Western 

Infirmary, Victoria or Stobhill 
Hospitals Glasgow

Korea University 
Anam Hospital 

Seoul

Nottingham City Hos-
pital Nottingham

Osaka City University 
Hospital Osaka

Crosshouse Hospital, 
Kilmarnock Ayrshire & 

Arran

Changhua Christian 
Hospital Taiwan

ALN: axillary lymph node; LVI: lymphovascular invasion.
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Results

Eligible literatures

The searching deadline was Feb 12th, 2015. A 
total of 659 citations were identified from 
PubMed, 24 articles were remained after exclu-
sion based on the titles and abstracts. 1 dupli-
cation, 3 original articles in Chinese language, 
1 original article in Portuguese language, 5 
articles that could not provide interested data, 
5 articles in which cases were confided to spe-
cial subjects and 3 original full texts that could 
not be obtained were removed. A total of 6 
studies met the inclusion criteria for meta-anal-
ysis finally (Figure 1).

Characteristic of included studies

The final 6 studies were published from 2007 
to 2014 and appraised critically (Table 1). In 
the studies of [Rakha EA 2012] and [Gujam FJ 
2014] the cases were divided into three classi-
fications according to tumor size: T≤1 cm, T>1-2 

cm, T=2-5 cm and T≤2 cm, T=2-5 cm, T≥5 cm 
respectively, while the cases were combined 
into two classifications in this analysis corre-
spondingly: T≤2 cm and T>2 cm. In the study of 
[Aitken E 2010] and [Rakha EA 2012] the cases 
were divided into three classifications accord-
ing to the status of ALN: ALN negative; 1-3 ALN 
positive and no less than 4 ALN positive, while 
the cases were combined into two classifica-
tions in this analysis correspondingly: ALN neg-
ative and ALN positive. In the study of [Lee JA 
2011] the cases were divided into two classifi-
cations: age <50 y and age ≥50 y according to 
age, but the two classifications were modified 
or combined into age ≤50 y and age >50 y in 
this analysis. It was unknown how many cases 
with just 50 y were in the article, the modifica-
tion maybe affect the result very little. In the 
study of [Lee JA 2011], [Rakha EA 2012] and 
[Gujam FJ 2014] the cases were divided into 
three classifications according to histological 
grade: 1, 2 and 3. The latter two classifications 
were combined into one classification in this 
analysis, that was grade 2/3.

Figure 2. LVI positive rates between T≤2 cm and T>2 cm groups in invasive breast cancer.

Figure 3. LVI positive rates between ALN negative and ALN positive groups in invasive breast cancer.
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Correlation of LVI with the tumor size, status of 
ALN, age, histological grade in invasive breast 
cancer

LVI positive rates were compared between T≤2 
cm and T>2 cm groups in invasive breast can-
cer in 4 studies. There was no significant het-
erogeneity (I2=0, P=0.72). In the fixed-effect 
model there was statistical difference between 
T≤2 cm and T>2 cm groups (OR=0.50, 95% CI: 
0.46-0.61, P<0.001) (Figure 2), which confir- 
med LVI positive rate was low in T≤2 cm group.

LVI positive rates were compared between  
ALN negative and ALN positive groups in inva-
sive breast cancer in 6 studies. There was sig-
nificant heterogeneity (I2=87%, P<0.1), Nfs0.05= 
1037.62, so random-effect model was adopt-
ed, there was statistical difference between 
ALN negative and ALN positive groups (OR= 
0.23, 95% CI: 0.15-0.35, P<0.001) (Figure 3), 
which confirmed that LVI positive rate was low 
in ALN negative group.

LVI positive rates were compared between age 
≤50 y and age >50 y groups in invasive breast 
cancer in 4 studies. There was no significant 
heterogeneity (I2=29%, P=0.24). In the fixed-
effect model there was statistical difference 
between age ≤50 y and age >50 y groups 
(OR=1.62, 95% CI: 1.42-1.85, P<0.001) (Figure 
4), which suggested LVI positive rate was low in 
age >50 y group.

LVI positive rates were compared between gr- 
ade 1 and grade 2/3 groups in invasive breast 
cancer in 3 studies. There was significant het-
erogeneity (I2=62%, P=0.07). Nfs0.05=53.95, so 
random-effect model was adopted, there was 
statistical difference between grade 1 and 
grade 2/3 groups (OR=0.36, 95% CI: 0.17-0.77, 
P=0.008) (Figure 5), which suggested LVI posi-
tive rate was low in grade 1 group.

Evaluation of publication bias

As reports on LVI detected by H&E were rare in 
breast cancer, the publication bias was not 

Figure 4. LVI positive rates between age ≤50 y and age >50 y groups in invasive breast cancer.

Figure 5. LVI positive rates between grade 1 and grade 2/3 groups in invasive breast cancer.
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visualized by funnel plot due to fewer studies, 
but the fail-safe number could demonstrate 
that the publication bias may not exist.

Discussion

LVI is a crucial step in the complex process of 
tumor metastasis and an important criterion 
for further therapy. So it is a significant prog-
nostic factor in invasive breast cancer with 
respect to local and distance recurrence [8] 
and poorer survival [11]. It is also associated 
with other strong prognostic factors including 
tumor size, grade and regional lymph node 
involvement [12].

The combined outcomes indicated that LVI was 
correlated with the tumor size, status of ALN, 
age, histological grade respectively in invasive 
breast cancer, and could act as a predictor of 
poor prognosis for invasive breast cancer.

In breast cancer, tumor size is powerful predic-
tor for local recurrence, regional and systemic 
spread, therefore for OS. The individual OR 
value of the 4 studies ranged from 0.02 to 
2.05, which indicated that the studies were not 
consistent about the relation between LVI and 
tumor size. But the meta-analysis confirmed LVI 
positive rate was significant lower in T≤2 cm 
group than that in T>2 cm group statistically 
(P<0.001).

The status of ALN is the most powerful prog-
nostic factor for breast cancer patients to date. 
The prognosis of breast cancer patients with 
the ALN positive is poor. Because LVI increased 
the chances of the ALN positive, it was one of 
the predictors of the ALN positive [5]. The rela-
tions between LVI and ALN were consistent in 
included 5 studies except [Lee JA 2011]. The 
individual OR value of the 5 studies ranged 
from 0 to 0.75, which indicated that the studies 
were consistent about the relation between LVI 
and ALN. [Rakha EA 2012] and [Lee JA 2011] 
were attributed to the high heterogeneity with 
the method of sensitivity analysis.The sample 
sizes in 2 studies were much bigger than those 
in the other 4 studies, so the high heterogene-
ity was ascribed to obvious difference of the 
sample sizes between the studies. The meta-
analysis confirmed LVI positive rate was signifi-
cant lower in ALN negative group than that in 
ALN positive group statistically (P<0.01). LVI 
offers an auxiliary method in the assessment 

of ALN status preoperatively, which may help 
the doctor in breast cancer counseling and 
decision-making for therapy.

A number of studies have demonstrated that 
younger age is a risk factor for ALN positive [5, 
13]. This has been attributed to biologically 
more aggressive tumors in this younger age 
group [14]. The average age of menopause is 
about 50 y, so most literature set 50 y as cut-
off point in exploring the relation between age 
and clinicopathological factors in invasive 
breast cancer. The individual OR value of the 4 
studies ranged from 0.03 to 4.10, which indi-
cated that the studies were not consistent 
about the relation between LVI and age. But the 
meta-analysis confirmed LVI positive rate was 
significant higher in age ≤50 y group than that 
in age >50 y group statistically (P=0.003).

LVI had correlation with histological grade. High 
grade and fast growing tumor may produce 
more growth factors and offer a bigger clonal 
variety of tumor cells capable of invading lym-
phatic vessels compared with low grade and 
slow growing tumor. The individual OR value of 
the 3 studies ranged from 0.02 to 1.32, which 
indicated that the studies were not consistent 
about the relation between LVI and histological 
grade. But the meta-analysis confirmed LVI 
positive rate was significant lower in grade 1 
group than that in grade 2/3 group statistically 
(P=0.008). There was significant heterogeneity 
due to too few included studies and obvious dif-
ference of sample sizes between the studies.

In summary, LVI has unfavorable pathological 
features, and is significantly correlated with  
the tumor size, status of ALN, age, histological 
grade in invasive breast cancer. It was consis-
tent with adverse features of the four factors, 
and showed an aggressive predictor. The me- 
thod of LVI detected with H&E staining is easy 
and cheap in almost of all departments of 
pathology, thus it is considerable to list LVI as a 
marker of clinical typing for breast cancer. Mo- 
reover, anti-LVI therapy may become new thera-
peutic target for breast cancer.
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