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Abstract 

Background Lymphovascular invasion (LVI) is a crucial predictor of lymph node metastasis (LNM). However, few 
studies have investigated the LVI positivity rate and its clinical significance in pT1b esophageal squamous cell carci-
noma (ESCC) using immunohistochemistry and elastin staining.

Methods We collected data from158 patients with pT1b ESCC who had undergone radical esophagectomy. All 
paraffin blocks of invasive carcinoma from each patient were subjected to HE staining, elastin staining + CK (AE1/AE3) 
immunohistochemistry (E&IHC), and CD31/D2-40 + CK (AE1/AE3) double immunohistochemistry (D-IHC). The LVI was 
classified into types, i.e., vascular invasion (VI) and lymphatic vessel invasion (LI), and its location, quantity, and clinical 
significance were explored.

Results The positivity rates of VI by E&IHC (E-VI), VI by CD31D-IHC (CD31-VI), and LI by D2-40 D-IHC (D2-40-LI) were 
significantly higher than those obtained by HE staining (P < 0.001, respectively). CD31-VI and E-VI were independent 
adverse prognostic factors for recurrence-free survival (RFS), and they were significantly associated with poor distant 
metastasis-free survival and overall survival in pT1b ESCC. Intratumoral LVI was also crucial in pT1b ESCC, and L2 (the 
count of D2-40-LI was 5 or more) was the strongest predictor for LNM and RFS in pT1b ESCC.

Conclusion E&IHC and D-IHC can dramatically improve the detection rate of LVI in pT1b ESCC, and the classification 
and grading of LVI can help to improve the prediction of LNM and prognosis.

Keywords Esophageal squamous cell carcinoma, Lymphovascular invasion, Lymph node metastasis, Recurrence-free 
survival, Overall survival, Distant metastasis-free survival

Background
Esophageal squamous cell carcinoma (ESCC) is one of 
the most common malignant tumors worldwide, particu-
larly in East Asia. Superficial ESCC (SESCC) is defined as 
a tumor restricted to the mucosa or submucosa, irrespec-
tive of regional lymph node metastasis (LNM), and can 
be classified as either pT1a or pT1b. The extent of tumor 
invasion in pT1a is the lamina propria or muscularis 
mucosa, while tumor invasion in pT1b is restricted to the 
submucosa [1]. The frequency of LNM is correlated with 
the depth of invasion, and many studies have reported 
the occurrence of LNM in SESCC [2–4]. The incidence 
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of LNM in patients with pT1a ESCC is 1.3–8.1%, but it 
is higher in patients with pT1b ESCC, ranging from 23.3 
to 51.2% [5–10]. Compared with pT1a ESCC patients, 
pT1b ESCC patients have a much higher risk of LNM 
and recurrence. However, most studies have focused 
on SESCC (pT1a and pT1b), and few studies have been 
conducted on the pT1b stage alone.pT1b ESCC patients 
without LNM only need surveillance, but patients with 
synchronous or heterochronous LNM may need radio-
therapy, chemotherapy, or immunotherapy. Therefore,  
how to more accurately predict the possibility of LNM 
and risk of recurrence using pathological features is criti-
cal for determining the optimal treatment for patients 
with pT1b ESCC.

Lymphovascular invasion (LVI) is deemed an essential 
step in tumor metastasis and a significant predictor of 
metastasis. Many studies have shown that LVI is impor-
tant for LNM in SESCC [11–13]. However, the reported 
frequency of LVI in SESCC varies widely, ranging from 
6.2% to 60% [11, 13–20]. In most studies, LVI was rec-
ognized only on hematoxylin and eosin (HE) staining, 
resulting in inaccurate findings and subjective differ-
ences. In early-stage colorectal cancer, double immuno-
histochemistry (D-IHC) can enhance the detection of 
LVI, but a lack of relevant research exists in ESCC [21]. 
Additionally, Castonguay M C et  al. showed that the 
identification of vascular invasion is greatly enhanced 
by elastin staining and is associated with various adverse 
clinicopathological features [22]. Only a few studies have 
used both elastin staining and IHC to evaluate LVI [23, 
24], but no study has used elastin staining + CK (AE1/
AE3) immunohistochemistry (E&IHC) and D-IHC in 
ESCC at the T1b stage.

On the other hand, most studies on LVI in ESCC have 
not attempted to differentiate between vascular invasion 
(VI) and lymphatic vessel invasion (LI) [13–16]. How-
ever, in patients with bladder cancer, VI has a stronger 
association with recurrence and poor survival than LI, 
and VI has been shown to be associated with more wide-
spread metastases to distant organs [25]. Similarly, other 
scholars have shown that the presence of vascular inva-
sion (but not lymphatic invasion) could be considered an 
indicator of high biological aggressiveness and may be a 
decisive prognostic factor in patients with colorectal can-
cer [26]. Therefore, it is necessary to study VI and LI sep-
arately. The location of LVI should also be a concern. In 
breast cancer research, only peritumoral LVI is of value 
[27]. Mori D et al. demonstrated that intratumoral LI was 
not related to LNM. Only LI of the intramucosal and sub-
mucosal peritumoral areas was significantly associated 
with LNM in ESCC patients [28]. In addition, grouping 
hepatocellular carcinoma patients based on the micro-
vascular invasion count (> 5 and ≤ 5) helped to determine 

the risk of recurrence and prognosis [29], and the grading 
index has been included as a factor in the TNM staging 
system.

Therefore, in the present investigation, all paraf-
fin blocks containing infiltrating carcinoma from each 
patient were subjected to HE staining, E&IHC, and 
D-IHC to explore the actual LVI positivity rate in patients 
with pT1b ESCC. Additionally, we refined studies on LVI 
by focusing on its location and quantity and explored its 
clinical significance.

Methods
Patient selection
One hundred fifty-eight patients with pT1b ESCC who 
underwent radical surgical resection using thoraco-
abdominal lymphadenectomy at the National Cancer 
Center/National Clinical Research Center for Cancer/
Cancer Hospital, Chinese Academy of Medical Sciences 
and Peking Union Medical College between February 
1990 and January 2004 and had complete pathological 
and clinical data were evaluated. None of the patients 
received radiotherapy, chemotherapy, or biological ther-
apy before surgery. The study protocol was approved 
by the Institutional Review Board of the National Can-
cer Center/National Clinical Research Center for Can-
cer/Cancer Hospital, Chinese Academy of Medical 
Sciences and Peking Union Medical College (Approval 
No.NCC2018AA-036). All procedures were conducted in 
accordance with the ethical standards of the Declaration 
of Helsinki.

E&IHC and D‑IHC
The tumor lesions in each case were fully sampled for 
microscopic examination. We selected all paraffin blocks 
containing infiltrating carcinoma from each patient and 
then made serial 4 μm slices for HE staining, E&IHC and 
D-IHC.

E&IHC was performed as follows. The slices were 
dewaxed, antigen retrieved, and subjected to immu-
nohistochemistry with CK (AE1/AE3) (mouse anti-
human monoclonal antibody; Dako, Carpinteria, CA). 
Next, improved aldehyde complex red staining was per-
formed to detect venous elastic fiber [30]. The elastic 
fiber appeared blue and purple, and tumor cells appeared 
brown.

For D-IHC, sequential double immunohistochemi-
cal staining was performed using a BOND III Immu-
nostainer (Leica Microsystems) and a Bond Polymer 
Refine Detection Kit (DS9800) as the first stain and a 
Bond Polymer Refine Red Detection Kit (DS9390) as 
the second stain. D2-40 and CD31 (mouse anti-human 
monoclonal antibody; Beijing Zhong Shan Golden Bridge 
Biotech Co., Ltd.) were visualized with DAB chromogen, 
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and CK (AE1/AE3) (mouse anti-human monoclonal anti-
body; Dako, Carpinteria, CA) was visualized with Fast 
Red chromogen.

Normal esophageal tissue was used for each batch of 
immunohistochemical staining to establish one external 
positive control and one negative control. In the negative 
control, buffers were used instead of primary antibodies. 
In addition, negative and positive internal controls are 
also present in each section.

Interpretation of LVI
The results were independently interpreted by two 
pathologists (LL and BW). A multi-head microscope 
was used to reach a consensus in the case of inconsist-
ent results. The presence of tumor cells in the lumen with 
endothelial cells with a gap between the tumor cells and 
vessel wall was judged as LVI. The presence of red blood 

cells in the lumen or smooth muscle around the vessel 
by HE staining was judged as VI and recorded as HE-VI 
(Fig.  1A). The presence of tumor cell nests adjacent to 
isolated arteries (no accompanying veins) by HE stain-
ing was also recorded as HE-VI (Fig. 1B). The absence of 
red blood cells in the lumen and without smooth mus-
cle around the vessel was judged as LI and recorded as 
HE–LI (Fig. 1 ). The presence of cancer cells in the lumen 
with endothelial cells by D-IHC was judged as LVI. LVI 
with endothelial cells positive for CD31 and negative for 
D2-40 (Fig. 1D/E/F) was recorded as CD31-VI. LVI with 
endothelial cells strongly positive for D2-40 and negative 
or weakly positive for CD31 was recorded as D2-40-LI 
(Fig.  1G/H/I). VI (shown by E&IHC) was defined as 
tumor cells in the lumen surrounded by elastic fiber with 
at least 2/3 integrity and was recorded as E-VI (Fig. 2A/B/
C/D). The locations of VI and LI in the intratumoral 

Fig. 1 Determination of lymphovascular invasion (LVI) by hematoxylin and eosin (HE) staining and double immunohistochemistry (D-IHC) 
A Vascular invasion (red arrow, HE). B Venous invasion (red arrow) adjacent to an isolated artery (green arrow) (HE). C Lymphatic vessel invasion 
(red arrow, HE). D Lymphovascular invasion is indefinite (HE). E Vascular invasion (CD31 + CK (AE1/AE3) D-IHC). The blue arrow shows the presence 
of tumor cells (red color) in the lumen with endothelial cells positive (brown color) for CD31. F Vascular invasion (D2-40 + CK (AE1/AE3) D-IHC). 
The endothelial cells of the vessel are negative (blue arrow) for D2-40. G Lymphovascular invasion is indefinite (HE). H Lymphatic vessel invasion 
(D2-40 + CK (AE1/AE3) D-IHC). The blue arrow shows the presence of tumor cells (red color) in the lumen with endothelial cells positive (brown 
color) for D2-40. I Lymphatic vessel invasion (CD31 + CK (AE1/AE3) D-IHC). The endothelial cells of the vessel are negative (blue arrow) for CD31. All 
images are magnified 200 × 
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region or peritumoral region (including the normal tis-
sue area outside the tumor and the junction between the 
tumor and normal tissue) were recorded(Fig.  2E). The 
quantities of VI and LI were also recorded.

Other clinicopathological variables and follow‑up
We recorded the tumor location (upper thoracic, mid-
dle thoracic, or lower thoracic), macroscopic type (ero-
sive type, papillary type, plaque-like type, ulcerative 
type, or intraluminal mass type) [10], depth of tumor 
invasion (sm1, sm2 or sm3) [31] and degree of differen-
tiation (well, moderately, poorly differentiated, basaloid 
squamous cell carcinoma or spindle cell/sarcomatoid 
squamous cell carcinoma) [1]. We also measured tumor 
thickness and submucosal invasion thickness. Accord-
ing to our previous studies, the cutoff points of tumor 
thickness and submucosal invasion thickness were 
3000 μm and 2000 μm, respectively [32]. The number of 
lymph nodes dissected and whether lymph nodes had 

metastasized were recorded. Regarding follow-up infor-
mation, we collected the time to recurrence, distant 
metastasis, or death and then calculated recurrence-free 
survival (RFS), distant metastasis-free survival (DMFS), 
and overall survival (OS).

Statistical analysis
The data were statistically processed using IBM SPSS Sta-
tistics for Windows, version 25.0 (IBM Corp., Armonk, 
NY, USA). The relationship between the clinicopathologi-
cal variables and LNM was analyzed by logistic regres-
sion analysis. Receiver operating characteristic (ROC) 
curves were used to determine the cutoff points of count-
ing variables, and the Kaplan–Meier method and log-
rank test were used to analyze survival. The significance 
of clinicopathological markers relative to RFS, DMFS, 
and OS were analyzed using a Cox proportional hazards 
regression model (univariate analysis and multivariate 
analysis). P < 0.05 was regarded as statistically significant.

Fig. 2 Determination of vascular invasion by elastin staining + CK (AE1/AE3) immunohistochemistry (E&IHC) and determination of the intratumoral 
region and peritumoral region. A Vascular invasion is indefinite (HE). The red arrow shows carcinoma nest adjacent to the artery, suggestive of 
vascular invasion. B Vascular invasion (E&IHC). The blue arrow shows the elastic fiber (purple color) clearly outlining the structure of the blood vessel 
with carcinoma nest (brown color) invasion. C Vascular invasion is indefinite (HE). The red arrow shows a space between the carcinoma nest and 
the surrounding fibrous stroma, suspected to be caused by cancer nest contraction. D Vascular invasion (E&IHC). The blue arrow shows the elastic 
fiber (purple color) clearly outlining the structure of the blood vessel with carcinoma nest (brown color) invasion, which is identified as vascular 
invasion. E Determination of the intratumoral region and peritumoral region (HE). The peritumoral region included the junction between the tumor 
and normal tissue and the normal tissue area outside the tumor (including the region at the dotted line and the region from the dotted line to the 
esophageal fibrous membrane). The images of (A), (B), (C), and (D) are magnified 200 × , and (E) is 25 × 
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Results
Three hundred sixty-two paraffin blocks containing inva-
sive carcinoma (1–6 paraffin blocks and an average of 2.3 
blocks per patient) were selected. The positivity rates of 
HE-VI and HE–LI were 4.4% (7/158) and 22.2% (35/158), 
respectively. The positivity rates of E-VI, CD31-VI, and 
D2-40-LI were 69% (109/158), 25.3% (40/158), and 49.4% 
(78/158), respectively, which were higher than those of 
HE-VI and HE–LI (P < 0.001, respectively). Compared 
with HE staining, E&IHC and CD31 D-IHC increased 
the positivity rate of VI by 64.6% and 20.9%, respectively, 
and D2-40 D-IHC increased the detection rate of LI by 
27%.

Synchronous LNM was present in 45 of 158 patients. 
No significant correlation was found between VI and 
LNM, regardless of the staining method used (Table  1). 
HE–LI was significantly correlated with LNM (P = 0.001). 
D2-40-LI showed no significant correlation with LNM 
(P = 0.094). However, peritumoral D2-40-LI was sig-
nificantly correlated with LNM (P = 0.015). The count of 
D2-40-LI of all paraffin blocks was 1 to 73 in the posi-
tive case of LI. A ROC curve was drawn to obtain the 
optimal cutoff point of the D2-40-LI count for predict-
ing LNM, which was 4.5 (area under the curve = 0.633, 
and Youden index = 0.285). According to the D2-40-LI 
count of all paraffin blocks, D2-40-LI was subdivided into 
three groups, L0 (0), L1 (1–4), and L2 (≥ 5). There was 
a statistically significant difference between L2 and L0 
for LNM but not between L1 and L0 (Table 1). And the 
Odds ratio of L2 (6.889) for LNM was greater than that of 
HE–LI (3.765). For other clinicopathological indicators, 
univariate regression analysis showed that poor differen-
tiation was a poor prognostic factor for LNM (Table 1). 
Multivariate logistic regression analysis revealed that L2 
was the strongest independent predictor of LNM, with 
an odds ratio of 9.023 (95% CI: 3.026–26.899; P < 0.001; 
Table 2).

Four of 158 patients with pT1b ESCC were lost to 
follow-up. The follow-up period ranged from 3 to 
256  months, with a median time of 68  months. Sixty-
two patients (40.3%) experienced recurrence between 
1 and 178  months, with a median recurrence time of 
29.5 months. Nineteen patients (12.3%) developed distant 
metastasis between 1 and 192  months, with a median 
time of 31 months. The lung was the most common site 
of distant metastasis, accounting for 36.8% of cases.

HE–LI, E-VI, CD31-VI, D2-40-LI, L2, tumor location 
(upper thoracic), and LNM were significantly associated 
with RFS and OS (P < 0.05; Table  3). HE–LI, CD31-VI, 
D2-40-LI, L1, L2, and LNM were significantly associated 
with DMFS (P < 0.05; Table 3). The RFS, DMFS, and OS 
curves of 154 patients classified by D2-40-LI, CD31-VI, 
and E-VI are shown in Fig. 3. Multivariate Cox regression 

analysis showed that E-VI, CD31-VI, L2, and tumor loca-
tion (upper thoracic) were independent prognostic fac-
tors of RFS, with L2 being the most important prognostic 
factor (HR = 4.609; Table 4). E-VI, tumor location (upper 
thoracic), and LNM were independent adverse prognos-
tic factors of OS, with E-VI being the most important 
factor(HR = 2.908; Table  4). LNM was an independent 
adverse prognostic factor for DMFS (HR = 16.187, 95% 
CI: 6.211–42.183; P < 0.001).

In addition, we evaluated the count of D2-40-LI of one 
representative paraffin block and conducted a relevant 
analysis. The trend was the same as in the analysis results 
of all paraffin blocks containing infiltrating carcinoma. 
However, the predicted value for LNM of one representa-
tive paraffin block (OR: 5.444) was slightly lower than 
that of all paraffin blocks containing infiltrating carci-
noma (OR: 6.889) (Table S1 and Figure S1).

VI and LI were classified as intratumoral or peritu-
moral based on their location. As shown in Table  5, 
intratumoral-positive cases alone were the most com-
mon among all E-VI-positive patients (47/109), while 
peritumoral-positive cases alone were the most common 
among all CD31-VI- and D2-40-LI-positive cases (22/40, 
45/78). However, no significant difference was found in 
VI/LI with different locations, either for LNM or RFS.

Discussion
Pathologists generally use separate immunohistochemi-
cal analyses of vasculature markers in daily work to iden-
tify LVI. However, it is difficult to determine whether the 
vessels contain tumor cells in some cases. In our study, 
adding epithelial markers made our study results more 
accurate. Using E&IHC and D-IHC for all blocks contain-
ing invasive carcinoma from each patient to evaluate LVI 
could better represent the true incidence of LVI. E&IHC 
and D-IHC significantly improved the detection rate of 
LVI and distinguished the type more accurately.

For VI detection, the sensitivity of HE staining was low 
(just 4.4%), and it is necessary to carry out E&IHC and 
D-IHC simultaneously. VI shown by D-IHC and E&IHC 
revealed different blood vessels. E-VI is characterized by 
thick-walled venous vessels with elastic fiber. Because of 
tumor invasion, no apparent lumen structure is observed, 
and vascular endothelial cells are destroyed; therefore, 
detection by HE staining or IHC is challenging. Addi-
tionally, VI sometimes resembles the spaces formed by 
cancer nest contraction with HE staining (Fig. 2 C). How-
ever, the structure of the vascular wall is shown clearly 
with E&IHC (Fig. 2 D). Most of the vascular types of VI 
displayed by CD31 D-IHC were capillaries, which were 
negative in E&IHC because of the lack of elastic fiber. 
Furthermore, capillaries were not easily distinguished 
from lymphatic vessels by HE staining, and CD31 D-IHC 
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Table 1 Relationship between clinicopathological characteristics and lymph node metastasis (LNM) in 158 pT1b  ESCCa patients

Clinicopathological characteristics Total Invasion depth LNM Univariate logistic regression

sm1 sm2 sm3 No (%) Yes (%) Odds ratio 95% CI P

Lymphovascular invasion

HE staining

 HE-VIb + 7 0 3 4 5 (71.4) 2 (28.6) 1.005 0.188–5.377 0.996

 HE-VI- 151 15 33 103 108 (71.5) 43 (28.5) 1

 HE–LIc + 35 4 5 26 17 (48.6) 18 (51.4) 3.765 1.711–8.282 0.001

 HE–LI- 123 11 31 81 96 (78) 27 (22) 1

Elastin staining + CK (AE1/AE3) IHC d

 E-VIe + 109 4 24 81 74 (67.9) 35 (32.1) 1.845 0.827–4.116 0.135

 E-VI- 49 11 12 26 39 (79.6) 10 (20.4) 1

 Peritumoral E-VI + 62 4 15 43 41 (66.1) 21 (33.9) 1.537 0.763–3.094 0.229

 Peritumoral E-VI- 96 11 21 64 72 (75.0) 24 (25.0) 1

CD31 + CK (AE1/AE3) D-IHC f

 CD31-VIg + 40 1 8 31 25 (62.5) 15 (37.5) 1.760 0.821–3.773 0.146

 CD31-VI- 118 14 28 76 88 (74.6) 30 (25.4) 1

 Peritumoral CD31-VI + 32 1 6 25 21 (65.6) 11 (34.4) 1.417 0.619–3.247 0.409

 Peritumoral CD31-VI- 126 14 30 82 92 (73) 34 (27) 1

D2-40 + CK (AE1/AE3) D-IHC

 D2-40-LIh + 78 6 16 56 51 (65.4) 27 (34.6) 1.824 0.904–3.680 0.094

 D2-40-LI- 80 9 20 51 62 (77.5) 18 (22.5) 1

 Peritumoral D2-40-LI + 67 6 16 47 41 (61.2) 26 (38.8) 2.403 1.187–4.863 0.015

 Peritumoral D2-40-LI- 91 9 22 60 72 (79.9) 19 (20.1) 1

 L0 i 80 9 20 51 62(77.5) 18 (22.5) 1

 L1 50 3 8 39 39 (78.0) 11 (22.0) 0.881 0.379–2.051 0.947

 L2 28 3 8 17 12 (42.9) 16 (57.1) 6.889 2.540–18.685  < 0.001

Age

  ≥ 60 58 7 19 32 42 (72.4) 16 (27.6) 0.933 0.454–1.916 0.849

  < 60 100 8 17 75 71 (71.0) 29 (29.0) 1

Sex

 Male 43 5 9 29 33 (76.7) 10 (23.3) 0.693 0.308–1.559 0.375

 Female 115 10 27 78 80 (69.6) 35 (30.4) 1

Degree of differentiation

 Well 31 2 6 23 27 (87.1) 4 (12.9) 1

 Moderate 60 7 18 35 42 (70.0) 18 (30.0) 2.893 0.883–9.475 0.079

 Poor 40 3 7 30 25 (62.5) 15 (37.5) 4.050 1.184–13.853 0.026

 Basaloid 19 1 5 13 14 (73.7) 5 (26.3) 2.411 0.557–10.429 0.239

 Sarcomatoid 8 2 0 6 5 (62.5) 3 (37.5) 4.050 0.686–23.901 0.123

Tumor location

 Upper thoracic 31 1 10 20 24 (77.4) 7 (22.6) 0.781 0.303–2.015 0.609

 Middle thoracic 103 14 20 69 75 (72.8) 28 (27.2) 1

 Lower thoracic 24 0 6 18 14 (58.3) 10 (41.7) 1.913 0.762–4.802 0.167

Macroscopic type

 Plaque-like 85 8 15 62 59 (69.4) 26 (30.6) 1

 papillary 18 2 5 11 16 (88.9) 2 (11.1) 0.284 0.061–1.324 0.109

 Erosive 31 2 14 15 23 (74.2) 8 (25.8) 0.789 0.3121–1.995 0.617

 Ulcerative 9 1 1 7 5 (55.6) 4 (44.4) 1.185 0.451–7.313 0.402

 Intraluminal mass 15 2 1 12 10 (66.7) 5 (33.3) 1.135 0.353–3.650 0.832

Depth of tumor invasion j

 sm1 15 - 12 (80.0) 3 (20.0) 1
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was also helpful in distinguishing the types of LVI, espe-
cially in the intratumoral region (Fig. 1 D, E). There was 
no significant correlation between HE-VI and LNM, RFS, 
or OS. However, both E-VI and CD31-VI were signifi-
cantly associated with OS and were independent adverse 
prognostic factors for RFS. CD31-VI was significantly 
associated with distant metastasis (DM). Although there 
was no statistical correlation between E-VI and DM, the 
DMFS of E-VI-positive patients was poorer than that 

of E-VI-negative patients before a follow-up time of 
150 months (Fig. 3 H). The lack of a significant difference 
may be due to the few cases of distant metastases.

In breast cancer, because few examples of intratumoral 
LVI without concomitant peritumoral emboli exist, Lee 
A K et  al. mainly analyzed in detail the importance of 
peritumoral LVI [27]. The literature showed that artifac-
tual spaces in the tumor resulting from the shrinkage of 
cell clusters are easily misdiagnosed as LVI in breast can-
cer, but misinterpretation can be avoided in the peritu-
moral region [33]. Thus, LVI must be diagnosed outside 
the border of invasive carcinoma in guidelines for breast 
cancer from the College of American Pathologists [34]. 
However, in our study on T1b ESCC, E&IHC and D-IHC 
could accurately identify LVI and prevent misdiagnosis. 
Furthermore, more intratumoral LVI-positive patients 
without peritumoral LVI were observed by D-IHC, and 
the rates of LNM and recurrence of these patients were 
not low (Table 5). Thus, intratumoral LVI should also be 
considered in T1b ESCC.

In the present study, both HE–LI and peritumoral 
D2-40-LI were significantly correlated with LNM. 
However, there was no significant correlation between 
D2-40-LI and LNM. We believe that the reason for 
the difference is due to the sensitivity of D-IHC to LI, 
which is significantly higher than that of HE staining, 
thereby greatly increasing the D2-40-LI positivity rate. 
Therefore, D2-40-LI was further grouped according to 
its count. L2 (the count of D2-40-LI was 5 or more) was 

Table 1 (continued)

Clinicopathological characteristics Total Invasion depth LNM Univariate logistic regression

sm1 sm2 sm3 No (%) Yes (%) Odds ratio 95% CI P

 sm2 36 - 28 (77.8) 8 (22.2) 1.143 0.258–5.067 0.861

 sm3 107 - 73 (68.2) 34 (31.8) 1.863 0.493–7.037 0.359

Tumor thickness

  ≥ 3000 μm 125 8 20 97 85 (68.0) 40 (32.0) 2.635 0.947–7.331 0.063

  < 3000 μm 33 7 16 10 28 (84.8) 5 (15.2) 1

Submucosal invasion thickness

  ≥ 2000 μm 94 3 8 83 62 (66.0) 32 (34.0) 2.025 0.963–4.259 0.063

  < 2000 μm 64 12 28 24 51 (79.7) 13 (20.3) 1
a ESCC esophageal squamous cell carcinoma
b HE-VI vascular invasion detected by hematoxylin and eosin (HE) staining
c HE–LI lymphatic vessel invasion detected by HE staining
d IHC immunohistochemistry
e E-VI vascular invasion detected by elastin staining + CK (AE1/AE3) immunohistochemistry
f D-IHC double immunohistochemistry
g CD31-VI vascular invasion detected by CD31 + CK (AE1/AE3) D-IHC
h D2-40-LI lymphatic vessel invasion detected by D2-40 + CK (AE1/AE3) D-IHC
i L0, L1, and L2 the count of D2-40-LI was 0, 1–4, and 5 or more
j sm1, upper third of the submucosa; sm2, middle third of the submucosa; sm3, lower third of the submucosa

Table 2 Multiple logistic regression model for lymph node 
metastasis (LNM) in 158 T1b ESCC a patients

a ESCC esophageal squamous cell carcinoma
b D2-40-LI lymphatic vessel invasion detected by D2-40 + CK (AE1/AE3) double 
immunohistochemistry
c L0, L1, and L2 the count of D2-40-LI was 0, 1–4, and 5 or more

Clinicopathological 
characteristics

Odds ratio 95% CI P

D2-40-LI b

 L0 c 1

 L1 1.061 0.443–2.544 0.894

 L2 9.023 3.026–26.899  < 0.001

Degree of differentiation

 Well 1

 Moderate 3.496 0.883–9.475 0.060

 Poor 4.492 1.162–17.371 0.029

 Basaloid 4.519 0.917–22.263 0.064

 Sarcomatoid 7.598 1.153–50.078 0.035
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significantly associated with LNM, RFS, DMFS, and 
OS, which had a larger Odds ratio and HR than HE–LI 
(Tables  1, and  3). L2 was also the strongest independ-
ent predictor for LNM and RFS in pT1b ESCC. Moriya 
H et  al. divided LI into four groups according to the 
number of LI (0, 1–2, 3–9, and ≥ 10) in the IHC analy-
ses [23]. They showed that the grade of D2-40-LI had 

a better predictive value for LNM, consistent with our 
results. However, the basis for grading was not clearly 
stated in their study. Further research is required to 
identify consistent cutoff points.

The literature suggests that ESCC patients with LVI 
have a poor prognosis. However, insufficient stud-
ies exist on the relationship between LVI and the 

A B C

D E F

G H I

Fig. 3 The survival curves of 154 patients with pT1b esophageal squamous cell carcinoma A Recurrence-free survival curves stratified by the count 
of lymphatic vessel invasion detected by D2-40 + CK (AE1/AE3) double immunohistochemistry (D2-40-LI). B Distant metastasis-free survival curves 
stratified by the count of D2-40-LI. C Overall survival curve stratified by the count of D2-40-LI. D Recurrence-free survival curves stratified by vascular 
invasion detected by CD31 + CK (AE1/AE3) double immunohistochemistry (CD31-VI). E Distant metastasis-free survival curves stratified by CD31-VI. 
F Overall survival curves stratified by CD31-VI. G Recurrence-free survival curves stratified by vascular invasion detected by elastin staining + CK 
(AE1/AE3) immunohistochemistry (E-VI). H Distant metastasis-free survival curves stratified by E-VI. I Overall survival curves stratified by E-VI
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Table 4 Multivariate Cox proportional hazards models for recurrence-free survival (RFS) and overall survival (OS) in 154 pT1b ESCC a 
patients

a ESCC esophageal squamous cell carcinoma
b E-VI vascular invasion detected by elastin staining + CK (AE1/AE3) immunohistochemistry
c CD31-VI vascular invasion detected by CD31 + CK (AE1/AE3) double immunohistochemistry
d D2-40-LI lymphatic vessel invasion detected by D2-40 + CK (AE1/AE3) double immunohistochemistry. L0, L1, and L2: the count of D2-40-LI was 0, 1–4, and 5 or more
e LNM lymph node metastasis

Clinicopathological 
characteristics

RFS OS

HR 95% CI P HR 95% CI P

Tumor location

 Upper thoracic 2.598 1.447–4.668 0.001 2.419 1.292–4.530 0.006

 Middle thoracic 1 1

 Lower thoracic 1.305 0.617–2.759 0.486 1.196 0.537–2.663 0.661

E-VI b

 Positive 2.402 1.160–4.974 0.018 2.908 1.288–6.568 0.010

 Negative 1 1

CD31-VI c

 Positive 2.832 1.594–5.034  < 0.001 - - -

 Negative 1 - - -

D2-40-LI d

 L0 1 - - -

 L1 1.327 0.737–2.389 0.345 - - -

 L2 4.609 2.273–9.344  < 0.001 - - -

LNM e

 Yes - - - 1.983 1.096–3.587 0.024

 No - - - 1

Table 5 Lymph node metastasis (LNM) and recurrence of pT1b ESCC patients with  VIa /LIb in different locations (intratumoral or 
peritumoral region)

a VI vascular invasion
a LI lymphatic vessel invasion
c E-VI vascular invasion detected by elastin staining + CK (AE1/AE3) immunohistochemistry
d CD31-VI vascular invasion detected by CD31 + CK (AE1/AE3) double immunohistochemistry
e D2-40-LI lymphatic vessel invasion detected by D2-40 + CK (AE1/AE3) double immunohistochemistry

Type of VI/LI Total LNM (%) P Recurrence (%) P

E-VIc + 109 35 (32.1) 53 (48.6)

Intratumoral region alone 47 14 (29.8) 0.129 22 (46.8) 0.538

Peritumoral region alone 22 11 (50.0) 13 (59.1)

Both of two 40 10 (25.0) 18 (45.0)

CD31-VId + 40 15 (37.5) 20 (50.0)

Intratumoral region alone 8 4 (50.0) 0.357 5 (62.5) 0.311

Peritumoral region alone 22 9 (40.9) 12 (54.5)

Both of two 10 2 (20.0) 3 (30.0)

D2-40-LIe + 78 27 (34.6) 38 (48.7)

Intratumoral region alone 11 1 (9.10) 0.081 9 (81.8) 0.116

Peritumoral region alone 45 16 (35.6) 19 (42.2)

Both of two 22 10 (45.5) 10 (45.5)
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prognosis of SESCC patients [9, 35]. Oguma J. et  al. 
suggested that LVI was the only independent fac-
tor of disease-free survival in patients with sm2 and 
sm3 lymph node-negative SESCC, but LVI was not 
found to have a stronger prognostic impact than 
LNM [13]. In our study, patients were followed up for 
a long period of time, with a median follow-up dura-
tion of 68  months. The results showed that L2, E-VI, 
and CD31-VI were independent poor prognostic fac-
tors of RFS and OS. In particular, L2 (HR = 4.609) was 
the most potent adverse predictor of RFS (over LNM). 
Regarding the prognostic value of OS, the predictive 
value of E-VI also exceeded that of LNM (HR: 2.908 vs. 
1.983).

The limitation of the study was that it was retrospec-
tive, and all patients had undergone thoraco-abdominal 
lymphadenectomy. Patients with sm3 accounted for 
a large proportion (107/158), and a certain degree of 
bias existed in the correlation analysis of the depth of 
invasion.

In conclusion, E-VI and CD31-VI were associated 
with DM and a poor prognosis. The D2-40-LI count is 
more important than the location, and high-frequency 
D2-40-LI has a better predictive value for LNM and 
RFS. In terms of the count of D2-40-LI, it is not neces-
sary to analyze all paraffin blocks of invasive carcinoma 
if the pathologist can determine that the case belongs to 
the high-grade group (the count of D2-40-LI was 5 or 
more). We recommend using elastin staining and CD31/
D2-40 IHC to identify LVI in all patients with pT1b ESCC 
based on the unoptimistic LNM rates and recurrence 
rates. Although E&IHC and D-IHC are more expensive 
and complicated, they are recommended if feasible due to 
their more clarity.
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