
Introduction
Endoscopic resection (ER) for early stage colorectal tumors is
now a widely accepted type of treatment. The recent develop-
ment of endoscopic submucosal dissection (ESD) has enabled
us to perform en bloc resection of large lesions that were pre-
viously resected in piecemeal fashion, thereby decreasing the
local recurrence rate [1–4]. However, the application of ER is
mostly limited to lesions with a negligible risk of lymph node
metastasis (LNM) [5, 6], since lymph node dissection is not per-

formed using this method. Therefore, in addition to an appro-
priate preoperative diagnosis using high definition endoscopy
and chromoendoscopy, a precise evaluation of post-ER patho-
logical findings and risk stratification is necessary to assess the
risk of LNM and evaluate patients for appropriate additional
treatment and surveillance programs [5].

According to the Japanese Society for Cancer of the Colon
and Rectum (JSCCR) Guidelines, the curability of the tumor
can be estimated by pathological factors. If the lesion is inva-
sive, negative vertical and horizontal margins, as well as the fol-
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ABSTRACT

Background and aim The depth of tumor invasion is cur-

rently the only reliable predictive risk factor for lymph node

metastasis before endoscopic treatment for colorectal can-

cer. However, the most important factor to predict lymph

node metastasis has been suggested to be lymphovascular

invasion rather than the depth of invasion. Thus, the aim of

this study was to investigate the predictive relevance of

lymphovascular invasion before endoscopic treatment.

Methods The data on pT1 colorectal cancers that were re-

sected endoscopically or surgically from 2007 to 2015 were

retrospectively reviewed. The cases were categorized into

two groups: positive or negative for lymphovascular inva-

sion. The following factors were evaluated by univariate

and multivariate analyses: age and sex of the patients; loca-

tion, size, and morphology of the lesion; and depth of inva-

sion.

Results The positive and negative groups included 229 and

457 cases, respectively. Younger age (P <0.01), smaller le-

sion size (P=0.01), non-LST (LST: laterally spreading tumor)

(P <0.01), presence of depression (P <0.01), and pT1b (P <

0.01) were associated with lymphovascular invasion. In

multivariate analysis, younger age (comparing patients

aged≤64 years with those aged>65 years, OR, 1.81; 95%

CI, 1.29–2.53), presence of depression (OR, 1.97; CI,

1.40–2.77), non-LST features (OR, 1.50; CI, 1.04–2.15),

and pT1b (OR, 3.08; CI, 1.91–4.97) were associated with

lymphovascular invasion.

Conclusion Younger age, presence of depression, T1b,

and non-LST are associated with lymphovascular invasion.

Therefore, careful pathological diagnosis and surveillance

are necessary for lesions demonstrating any of these four

factors.
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lowing four factors, are required for a resection to be consid-
ered curative: (1) depth of submucosal invasion less than 1000
μm, (2) well and/or moderately differentiated adenocarcinoma,
(3) negative lymphovascular invasion (LVI), (4) budding grade
1. If any of these factors are not fulfilled, additional surgery
should be considered to reduce the risk of recurrent LNM and
mortality [5]. The European Society of Gastrointestinal Endos-
copy (ESGE) Guidelines [7] use similar criteria to evaluate the
curability of endoscopically resected specimens. In addition to
those factors, the ESGE Guidelines mention the importance of
evaluating budding, and recommend at least a 1mm tumor-
free margin to obtain curative resection. Although the Ameri-
can Society for Gastrointestinal Endoscopy (ASGE) Guidelines
[8] do not mention any pathological criteria after ER, the Na-
tional Comprehensive Cancer Network (NCCN) Guidelines have
pathological criteria that are similar to those of JSCCR and
ESGE.

Both Japanese and Western guidelines for ER of colorectal
tumors have similar criteria to evaluate the curability of resect-
ed specimen as well. Of several factors influencing the curabil-
ity, the depth of tumor invasion, which can be measured with
high accuracy by magnifying endoscopy, is currently the only
reliable predictive risk factor before endoscopic treatment of
colorectal cancer (CRC). However, LVI or histological type has
been suggested as an even more important predictor of lymph
node metastasis and poor prognosis [9–15]. So far, the endo-
scopic findings that correlate with LVI have not been elucida-
ted.

The aim of this study is to investigate the predictive rele-
vance of LVI before endoscopic treatment.

Patients/Materials and methods
Electronic medical records and pathological reports of patients
who underwent ER or surgical resection (SR) at the National
Cancer Center, Tokyo, Japan, between April 2007 and April
2015 were retrospectively reviewed. The clinical and patholog-
ical outcomes of 679 consecutive patients with 703 pT1 colo-
rectal neoplasms were gathered. We investigated relevant fac-
tors that could be obtained or predicted with high accuracy be-
fore endoscopic treatment, including age, sex, tumor location
(lower rectum, upper rectum, or colon), size and morphology
of the lesion by review of endoscopic reports. On the other
hand, the data on size and depth of invasion were obtained by
review of pathological reports. Thirteen patients with 13 le-
sions were excluded due to difficulty determining whether the
tumors were pathologically T1a or T1b. In addition, one patient
with four lesions was excluded since it was difficult to evaluate
tumor morphology due to the collapse of the lesions. Finally,
665 patients with a total of 686 pT1 colorectal neoplasms
were analyzed.

The patients/lesions were divided into two groups, a LVI po-
sitive group and a LVI negative group (▶Fig. 1). The morpholo-
gy of the lesion includes determining the presence of depres-
sions and laterally spreading tumors (LST). The depth of inva-
sion was divided into two groups, T1a (depth of invasion
≤ 1000µm) and T1b (depth of invasion >1000µm), in accord-

ance with the Japanese classification criteria for cancer of the
colon and rectum. Pathological depth (pT1a, pT1b) was used
instead of clinical depth (cT1a, cT1b), because the accuracy of
the depth diagnosis of colorectal lesions using magnifying
chromoendoscopy is reported to be >90% [16]. We conducted
this study in accordance with the guidelines of our Institutional
Review Board, which approved this retrospective study without
the need for informed consent. All of the patients provided
written informed consent for the ER or SR.

Histopathological assessment

Endoscopically resected specimens were fixed in 10% buffered
formalin and were cut into 2-mm-thick slices. In contrast, surgi-
cal specimens were cut into 4- to 5-mm-thick slices. These were
embedded in paraffin, cut into 3-μm sections, stained with he-
matoxylin and eosin (HE), and microscopically examined for
histopathologic type by pathologists specialized in gastrointes-
tinal pathology. The histopathological diagnoses were based on
the Japanese classification criteria for cancer of the colon and
rectum. In addition to HE staining, podoplanin (D2–40) and
Elastica van Gieson (EVG) staining were performed for the eval-
uation of lymphatic invasion and venous invasion, respectively,
with endoscopically resected specimens. In contrast, for surgi-
cal specimens, Victoria Blue hematoxylin and eosin (VB-HE)
staining was performed to assess venous invasion, however, po-

679 patients with 703 pT1  colorectal cancers that 
were resected endoscopically or surgically from  
April 2007 to April 2015

ER 
314 patients 322 lesions 

SR 
351 patients 364 lesions

LVI +
150 
lesions

LVI –
243 
lesions

LVI +
79 lesions

LVI –
214 
lesions

LVI +
229 lesions

ER, endoscopic resection; SR, surgical resection; 
LVI, lymphovascular invasion

LVI – 
457 lesions

Exclusion:
▪ 13 patients with 13 lesions that were difficult to 
 diagnose as pT1a or pT1b 
▪ 1 patient with 4 lesions where it was difficult to 
 determine the morphology due to collapse of the 
 lesion

▶ Fig. 1 Inclusion and exclusion criteria of patients. Lesions are
divided into two groups according to the presence (LVI +) or ab-
sence (LVI–) of lymphovascular invasion.
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doplanin staining was not performed. Lymphovascular invasion
was determined to be positive when tumor cells were observed
in lymphatic or vascular spaces.

Statistical analysis

To examine the relevance of LVI as a predictive marker of cur-
ability, age, sex, tumor location (rectum, colon), size and mor-
phology of the lesion (presence of depression, LST), and depth
of invasion (pT1a, pT1b) were evaluated. For comparisons be-
tween the LVI positive and negative groups, data were analyzed
using the Mann–Whitney U test for data showing continuous
variables and Fisher’s exact test for categorical variables. Con-
ditional multivariate logistic regression analysis using all vari-
ables was constructed to calculate odds ratios (ORs) and 95%
confidence intervals (CI). All tests were two-sided, and P <0.05
was considered to be statistically significant. All statistical ana-
lyses were performed with EZR (Saitama Medical Center, Jichi
Medical University, Saitama, Japan), which is a graphical user
interface for R (The R Foundation for Statistical Computing,
Vienna, Austria). More precisely, it is a modified version of R
Commander designed to add statistical functions frequently
used in biostatistics [17].

Results
Our study included samples from 314 patients with 322 lesions
who had ER and samples from 351 patients with 364 lesions
who had SR (▶Fig. 1; ▶Table 1). Of 322 ER lesions, 302 cases
were resected en bloc and 20 lesions were resected in piece-
meal fashion. The proportion of female subjects was lower in
ER than SR (35.4% vs 44.0%, respectively; P=0.02). A signifi-
cantly lower proportion of tumor samples from the ER group
versus the SR group had depressed components (30.7% vs
65.7%, respectively; P<0.01), non-LST features (46.6% vs
71.3 %, respectively; P<0.01), and LVI (32.5% vs 41.2%, respec-
tively; P <0.01). In addition, a significantly lower proportion of
samples from the ER group than the SR group was diagnosed
as T1b (52.8% vs 94.0%, respectively; P <0.01). No significant
differences were found between ER and SR groups with regard
to age, tumor location, or tumor size (▶Table1).

LVI positive and negative groups included 229 and 457
cases, respectively (▶Fig. 1; ▶Table2). Age was significantly
lower in patients in the LVI positive group than the LVI negative
group (65 years vs 67 years, respectively; P<0.01), and median
tumor size was significantly smaller in the LVI positive group
than the LVI negative group (17mm vs 20mm, respectively; P
=0.01). A significantly higher proportion of samples from the
LVI positive group than the LVI negative group had depressed
components (62.9% vs 42.5%, respectively; P<0.01), non-LST
features (71.2% vs 55.8%, respectively; P <0.01), and pT1b
(89.0% vs 67.4%, respectively; P<0.01) (▶Table 2). In a multi-
variate logistic regression analysis, younger age (comparing pa-
tients aged≤64 years with those aged >65 years; OR: 1.81; 95%
CI, 1.29–2.53), depressed component (OR: 1.97; CI, 1.40–
2.77), non-LST feature (OR: 1.50; CI, 1.04–2.15), and pT1b
(OR: 3.08; CI, 1.91–4.97) were shown to be associated with
LVI (▶Table3). Approximately half of the lesions (47.5%) in

samples with a depressed component and suspected T1b,
were LVI positive (▶Table 4).

Discussion
The histological identification of LVI after colorectal cancer
(CRC) removal has been recognized as a reliable predictor of
LNM and patient prognosis. This study investigated the predic-
tive relevance of LVI before endoscopic treatment and showed
two clinically important issues. First, younger age, depression,
T1b, and non-LST are associated with LVI. Second, careful
pathological diagnosis and surveillance are necessary for le-
sions demonstrating any of these four factors. In addition to
depth diagnosis, recognition of depressed components and
non-LST status by endoscopic diagnosis is important to predict
LVI.

Our study suggests that T1 CRCs in younger patients may
have more malignant potential than those in older individuals.
There is growing evidence that the incidence of CRC in the

▶ Table 1 Clinical characteristics of T1 colorectal cancer cases treated
with ER or SR.

Characteristics ER (n=322) SR (n=364) P value

Age, median (IQR) 68 (60–74) 67 (59–73) 0.57

Sex

▪ Male 208 (64.6%) 204 (56.0%) 0.02

▪ Female 114 (35.4%) 160 (44.0%)

Location

▪ Rectum 67 (20.8%) 59 (16.2%) 0.14

▪ Other locations 255 (79.2%) 305 (83.8%)

Size, median (IQR) 20 (12–29) 18 (12–25) 0.28

Morphology

▪ Depression (+) 99 (30.7%) 239 (65.7%) < 0.01

▪ Depression (−) 223 (69.3%) 125 (34.3%)

▪ LST 172 (53.4%) 96 (28.7%) < 0.01

▪ Non-LST 150 (46.6%) 238 (71.3%)

Depth of invasion

▪ T1a 152 (47.2%) 22 (6.0 %) < 0.01

▪ T1b 170 (52.8%) 342 (94.0%)

LVI

▪ Positive 79 (32.5%) 150 (41.2%) < 0.01

▪ Negative 243 (67.5%) 214 (58.8%)

Status of ER

▪ En bloc 302 (93.8%)

▪ Piecemeal fashion 20 (6.2 %)

ER, endoscopic resection; SR, surgical resection; IQR, interquartile range;
LST, laterally spreading tumor; LVI, lymphovascular invasion.
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younger generation is increasing [18, 19], and it has been sug-
gested that CRC in younger patients exhibits a different biolo-
gical behavior than in older patients [20–22]. Although it still
remains controversial, some studies have shown that younger
patients with CRC have a worse prognosis [23, 24]. Our study
supports these results; however, further examination is neces-
sary to confirm our conclusion. Furthermore, our study showed

that T1b colorectal cancers tend to have a higher rate of LVI
than T1a colorectal cancers. This is probably because T1b can-
cers have more malignant potential than T1a cancer and a lar-
ger invasive area raises the possibility of encountering lympha-
tic ducts or small vessels.

Our study also suggests that depression and non-LST lesions
are associated with LVI. These results may reflect the typical
characteristics of de novo cancer such as depressed type le-
sions or non-polypoid growth [25, 26]. Cancers derived from
the de novo pathway are considered more aggressive than
those derived from an adenoma carcinoma sequence [27]. For
well-trained endoscopists, determining the presence of depres-
sions, the depth of the tumor, and LST with high confidence is
possible endoscopically [16]. Endoscopists should carefully ex-
amine these findings and make a precise diagnosis during pre-
treatment endoscopy. These three factors are also present in
typical submucosal invasive cancer that has a definite depres-

▶ Table 2 Univariate analysis to predict LVI status using factors that can be acquired during endoscopic diagnosis.

Characteristics LVI positive (n=229) LVI negative (n=457) P value

Age, median (IQR) 65 (57– 72) 67 (61– 74) < 0.01

Sex

▪ Male 144 (62.9%) 268 (58.6%) 0.32

▪ Female 85 (37.1%) 189 (41.4%)

Location

▪ Rb 48 (21.0%) 78 (17.1%) 0.25

▪ Other locations 181 (79.0%) 379 (82.9%)

Size, median (IQR) 17 (12– 24) 20 (12– 28) 0.01

Morphology

▪ Depression ( + ) 144 (62.9%) 194 (42.5%) < 0.01

▪ Depression (−) 85 (37.1%) 263 (57.5%)

▪ LST 66 (28.8%) 202 (44.2%) < 0.01

▪ Non-LST 163 (71.2%) 255 (55.8%)

Depth of invasion

▪ T1a 25 (11.0%) 149 (32.6%) < 0.01

▪ T1b 204 (89.0%) 308 (67.4%)

IQR, interquartile range; LST, laterally spreading tumor; LVI, lymphovascular invasion.

▶ Table 3 Multivariate analysis to predict LVI status using factors that
can be acquired during endoscopic diagnosis.

Clinical factors OR (95%CI) P value

Age

▪ >65 1.00 (ref) < 0.01

▪ ≤65 1.81 (1.29– 2.53)

Morphology

▪ Depression (−) 1.00 (ref) < 0.01

▪ Depression ( + ) 1.97 (1.40– 2.77)

▪ LST 1.00 (ref) 0.03

▪ Non-LST 1.50 (1.04– 2.15)

Depth of invasion

▪ T1a 1.00 (ref) < 0.01

▪ T1b 3.08 (1.91– 4.97)

LST, laterally spreading tumor; OR, odds ratio; CI, confidence interval.

▶ Table 4 Rate of lymphovascular invasion by depth of invasion or de-
pression.

Depth of invasion

T1a T1b

Morphology

▪ Depression (−) 15/118 (12.7%) 70/230 (30.4%)

▪ Depression ( + ) 10/56 (17.9%) 134/282 (47.5%)
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sed area with distinct margins: 0-IIc or 0-IIa + IIc or 0-Is + IIc le-
sion.

Recently, expanding the criteria for endoscopic resection for
T1b colorectal cancers has been discussed, and there is a possi-
bility that ER for T1b colorectal cancers could become standard
treatment if other factors are fulfilled [28, 29]. In a retrospec-
tive study, Yoshii et al. demonstrated that patients who under-
went ER for deep submucosal invasive cancer are at low risk for
colon cancer recurrence if the there are no lymphovascular in-
vasion, poor differentiation, and high grade budding [29]. They
estimated the cumulative risk of recurrence to be 2.3% in an ER
plus additional surgery group and 3.4% in an ER only group (P=
0.867). However, they experienced one death after ER due to
recurrence in a patient who was diagnosed as pT1b (2300µm)
with no other non-curative factors after ER.

Considering the fact that even though a lesion is cut into 2
mm slices when performing the pathological diagnosis for ER
specimens in Japan, not all areas of a lesion are observed patho-
logically, and it is impossible to observe the entire lesion con-
tinuously. A substantial risk may exist that LVI positivity is not
diagnosed pathologically. It was reported that interobserver
agreement for LVI among pathologists is insufficient for a cred-
ible diagnosis, even if immunohistochemical staining was used
[30]. That is the main limitation of the current pathological di-
agnosis. In fact, recurrent cases of colon cancer are occasionally
experienced in cases where the lesion was diagnosed as LVI
negative during initial diagnosis, but was shown to be positive
after reevaluation with additional more deeply cut specimens
that were performed when the recurrence was recognized. We
must recognize from this study that T1b itself is a risk factor for
LVI positivity, and pathological evaluation should be performed
in a standardized sophisticated manner by experienced gastro-
intestinal pathologists. Additionally, prudent discussion is nec-
essary when considering expanding the criteria for ER of T1b
colorectal cancers. When ER is performed for a lesion that
shows a depression, pT1b, and non-LST, there is a possibility
that LVI was missed, even if the lesion was diagnosed initially
as LVI negative.

The accuracy of the diagnosis of LVI in our study was not suf-
ficiently high to change the endoscopic treatment strategy for
early colorectal cancers. On the contrary, the results from our
study suggest that if the lesion demonstrates younger age, a
depressed component, T1b, and non-LST, careful pathological
diagnosis is necessary to predict treatment outcomes. In addi-
tion, an endoscopist should carefully diagnose the morphology,
depression, and estimated depth using high definition endos-
copy and chromoendoscopy.

This study has several limitations. In our study, we investiga-
ted the predictive factors from endoscopic diagnosis; however,
we used the pathological depth data for our investigation. Since
the accuracy of the endoscopic diagnosis is satisfactory, we
reasoned that substituting the endoscopically estimated depth
measurement with the pathological depth measurement is
acceptable. Furthermore, there are several differences about
pathological diagnosis between endoscopic and surgical speci-
mens. First, endoscopically resected specimens were cut into 2-
mm-thick slices. In contrast, surgical specimens were cut into

4- to 5-mm-thick slices. This may influence the positive ratio
of LVI. Second, EVG staining was used for endoscopically resect-
ed specimens, whereas VB-HE staining was used for surgical
specimens to evaluate vascular invasion. Although there is a
difference concerning staining of vessels, and both stains are
considered to be useful [31–33], it is unlikely that this might
influence the positive ratio of venous invasion. Third, D2–40
staining was not performed for SR, because lymph node dissec-
tion had already been performed. This might underestimate
the presence of lymphatic invasion when we evaluated the LVI
status in surgical specimens.

In conclusion, younger age, depressed component, T1b, and
non-LST are associated with LVI. Careful pathological diagnosis
is necessary to predict treatment outcomes if any of these four
factors are present. Further multicenter or prospective studies
are necessary to determine the endoscopic features from which
we can predict LVI.
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