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Risk stratification for predicting i

postoperative recurrence/metastasis
of colorectal cancer by grade of venous invasion
coupled with histological subtype

Yasuo Imai' ® and Masanori Ichinose?

Abstract

Background: Colorectal cancer (CRC) consists of several histological subtypes that greatly affect prognosis. Venous
invasion (V1) has been implicated in the postoperative recurrence of CRC, but the relationship between the VI grade
and postoperative recurrence in each histological subtype has not been clarified thus far.

Methods: A total of 323 CRCs without distant metastasis at surgery (pathologic stage Ill or lower), including 152
well-to-moderately differentiated adenocarcinomas (WMDAs), 98 poorly differentiated adenocarcinomas (PDAs),

and 64 mucinous adenocarcinomas (MUAs), were analyzed. They were routinely processed pathologically, and VI was
graded as follows irrespective of location by elastica van Gieson staining: vO (none), no venous invasion; v1 (mild),
1-3 invasions per glass slide; v2 (moderate), 4-6 invasions per glass slide; and v3 (severe), > 7 invasions per glass slide.
Filling-type invasion in veins with a minor axis of > 1 mm increased the grade by 1. The association of VI grade with
prognosis was statistically analyzed.

Results: All recurrences occurred as distant metastases. Recurrence increased with VI grade in WMDA (v0 11.8%, v1
15.8%, v2 73.9%, v3 75.0%) and MUA (vO 15.2%, v1 30.8%, v2 40.0%). The recurrence rate was relatively high in PDA
even with v0 and increased with VI grade (vO 27.8%, v1 32.7%, v2 33.3%, v3 60.0%). VI grade was a significant predictor
of recurrence in WMDA but not in PDA and MUA by multivariate analysis. In node-negative (stage Il or lower) CRC, the
recurrence-free survival (RFS) rate exceeded 90% in vO and v1 WMDA until postoperative day (POD) 2100 and vO MUA
until POD 1600 but fell below 80% in the other settings by POD 1000. In node-positive (stage Ill) CRC, the RFS rate fell
below 80% in all histological subtypes by POD 1000.

Conclusions: VI grade v1 had a similar recurrence rate and RFS as grade v0 and may not warrant adjuvant chemo-
therapy in node-negative (stage Il or lower) WMDA. In addition to node-positive (stage Ill) CRC, adjuvant chemother-
apy may be indicated for node-negative (stage Il or lower) CRC when it is WMDA with VI grade v2 or v3, MUA with V],
or PDA.
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colon cancer are 91% for the localized stage, 72% for the
regional stage, 14% for the distant stage, and 63% for all
stages combined, while those for rectal cancer are 89%
for the localized stage, 72% for the regional stage, 16% for
the distant stage, and 67% for all stages combined [2]. The
localized stage means that there is no sign that cancer
has spread outside of the colon and rectum, the regional
stage means that cancer has spread outside of the colon
and rectum to nearby structures or lymph nodes, and
the distant stage means that cancer has spread to distant
parts of the body, such as the liver, lung, or nonregional
lymph nodes. Thus, the prognosis of metastatic CRC is
poor.

Pathologic investigation of surgically resected speci-
mens aims to provide information on factors that deter-
mine the need for adjuvant therapy. Venous invasion (VI)
has been reported to be associated with an increased
incidence of recurrence, especially hematogenous
metastasis, and decreased overall survival [3]. In the
Union for International Cancer Control (UICC) tumor,
node, metastasis (TNM) staging system, V1 and V2 are
defined as microscopic VI and macroscopic VI, respec-
tively [4], but VI is not implicated in the stage definition
of the UICC and American Joint Committee on Cancer
(AJCC) TNM staging system [4, 5]. Furthermore, VI
grade has not been defined to predict recurrence after
surgery. Meanwhile, the histological subclassification
of CRC has a great impact on prognosis. We previously
showed that poorly differentiated adenocarcinoma (PDA)
of CRC had significantly worse recurrence-free survival
(RES) and overall survival (OS) than well-to-moderately
differentiated adenocarcinoma (WMDA) [6, 7]. VI and
lymphatic invasion were found to be more frequent in
PDA than in WMDA [6, 8]. The purpose of this study was
to determine the criteria of VI that are likely to predict
recurrence and metastasis after surgery in histological
subtypes of CRC without distant metastasis at the time of
surgery (pathologic stages 0, I, II, and III). VI was inves-
tigated by using an elastica van Gieson (EVG) staining
which is feasible anywhere at low cost.

Methods

Patients

Consecutive patients with CRCs surgically resected at
Tokyo Kosei Nenkin Hospital (TKNH) between April
1998 and March 2000 and International University of
Health and Welfare, Shioya Hospital (IUHWSH) between
2012 and 2017 were included. Furthermore, patients with
PDA, mucinous adenocarcinoma (MUA), and signet-ring
cell carcinoma (SRCC) selected from all patients with
CRCs surgically resected at Dokkyo Medical University
Koshigaya Hospital (DMUKH) between 1990 and 2011,
TKNH between 1991 and 2010, Saiseikai Kawaguchi
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General Hospital (SKGH) between 2000 and 2011, and
IUHWSH between 2000 and 2011 were included in the
study. All tumors in this study were diagnosed as primary
CRCs. Patients with intraepithelial carcinoma that does
not invade the lamina propria, appendiceal cancer, dis-
tant metastasis before and at the time of surgery, multiple
synchronous invasive CRCs, asynchronous invasive CRC,
and invasive cancer originating from other organs before
and after surgery were excluded. Patients for whom the
postoperative prognosis was unclear were also excluded.
Clinicopathologic information was obtained from paper
charts or through the electronic chart systems of the
respective institutions. In principle, patient follow-up
was performed every one to two months at the outpa-
tient clinic for 5 years after surgery or until patients were
referred to other institutions for family reasons or dete-
riorated performance status. Patients with pathologic
stage III CRC were, in principle, administered adjuvant
chemotherapy and were followed up weekly for the first
6 months. However, older patients with poor perfor-
mance status were administered milder chemotherapeu-
tic regimens and were followed up monthly. Blood tests
and abdominal ultrasonography were performed every
2 months, and contrast-enhanced computed tomogra-
phy and colonoscopy were performed every 6 months for
the first year and yearly for 4 more years. This study was
conducted in accordance with the Declaration of Hel-
sinki, and this study protocol was approved by the ethical
review boards of the participating hospitals: DMUKH,
Koshigaya 23008; TKNH, 30/11/2011; SKGH, no. 24-5:
IUHWSH, FK-94.

Histopathologic examination

All surgical specimens were routinely processed for
pathologic diagnosis. Putative early cancer at gross diag-
nosis (putative pTis and pT1) was subjected to micro-
scopic investigation of the whole tumor area. In putative
advanced cancer (putative pT2-4), the maximal cut sur-
face of the tumor, involving the transition between the
tumor and normal mucosa, and the cut surface involv-
ing the deepest tumor penetration were microscopically
investigated. Clinicopathologic classifications and stage
groupings were performed based on the World Health
Organization (WHO) classification of colorectal tumors
(4th ed.) and the AJCC TNM staging system (7th ed.) [5,
9]. EVG staining was performed in two or more, if nec-
essary, sections that included the deepest tumor pen-
etration and the area of transition between the tumor
and normal mucosa. Each section usually contained
approximately 2 to 5 cm? of tissue per glass slide. When
tumor cells invaded or were located in the tubular struc-
ture formed by an elastic plate adjacent to the artery,
which means an adventitia of the vein, VI was diagnosed
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(Fig. 1A). VI in each section was graded according to the
number of VIs irrespective of the location of the veins:
v0 (none), no venous invasion; vl (mild invasion), 1 to 3
venous invasions per glass slide; v2 (moderate invasion),
4 to 6 venous invasions per glass slide; and v3 (severe
invasion),>7 venous invasions per glass slide. When
filling-type VI, in which tumor cells filled the vascular
lumen, was found in a macroscopically identifiable vein
with a minor axis of > 1 mm (Fig. 1B), the grade of a v1 or
v2 was raised by 1. The VI grade in each case was based
on the maximal grade in the investigated sections.

Statistical analysis

Specific parameters between two patient cohorts and
associations between two variables were compared using
Fisher’s exact test (2 x 2 contingency tables) or the chi-
square test with or without Yates’ correction (other
contingency tables). Univariate analysis was performed

Fig. 1 Representative histopathology of venous invasion. A
Infiltrating type of venous invasion. The cancer cell nest destroys
and invades the circular elastic plate adjacent to the artery. B Filling
type of venous invasion. Tumor embolus is found in the vein with a
diameter greater than 1 mm
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using Fisher’s exact test (2 x 2 contingency tables) or the
chi-square test with or without Yates’ correction (other
contingency tables) to investigate associations between
parameters and recurrence. Multivariate logistic regres-
sion analysis was performed on parameters with p val-
ues<0.10 in univariate analysis. Survival curves were
depicted using the Kaplan—Meier method, and differ-
ences between survival curves were analyzed by the log-
rank test. A p value<0.05 was considered significant.
Statistical analyses were performed using IBM SPSS Sta-
tistics 20 (IBM Corp, Armonk, NY, USA).

Results

Clinicopathologic features of each histological subtype

A total of 323 CRCs, comprising 152 WMDAs, 98 PDAs,
64 MUAs, and nine SRCCs, were included in this study.
The follow-up periods from surgery to cancer-related
death or censoring of WMDA, PDA, MUA, and SRCC
patients were 17-4936 days (median: 1842.5 days),
15-4026 days (median: 667 days), 0-4860 days (median:
1341 days), and 96-3243 days (median: 1648 days),
respectively. Female was significantly more frequent than
male in PDA (52.0%) as compared with WMDA (37.5%)
(p=0.027) and MUA (34.4%) (p=0.036), respectively.
Right-sided location was significantly more frequent
than left-side location in PDA (59.2%) and MUA (48.4%)
compared with WMDA (29.6%) (p <0.001 and p=0.012,
respectively). The depth of invasion was significantly
greater in PDA and MUA than in WMDA (pTis/pT1/
pT2 vs. pIT3/pT4: p<0.001 and p=0.006, respectively).
VI (v1-3) and nodal metastasis (pN1/pN2) were signifi-
cantly more frequent in PDA than in WMDA (p<0.001
and p<0.001, respectively). Pathologic TNM stage was
significantly higher in PDA than in WMDA (stage 0/1/I1
vs. stage III: p<0.001). The results of clinicopathologic
analyses are summarized in Table 1.

Postoperative recurrence and prognosis in each
histological subtype

In this study cohort, local recurrence was not found in
any case throughout the histological subtypes. Therefore,
recurrence means distant metastasis due to hematog-
enous and/or lymphatic spread or peritoneal dissemina-
tion. Recurrence was found in 37 of 152 (24.3%) WMDA
patients, 34 of 98 (34.7%) PDA patients, 15 of 64 (23.4%)
MUA patients, and 3 of 9 (33.3%) SRCC patients. The
recurrence rate was marginally higher in PDA than in
WMDA (relative risk (RR) 1.425, 95% confidence inter-
val (CI): 0.963-2.094) (Table 2 and Additional file 1:
Table S1). Meanwhile, the recurrence rate was similar
between WMDA and MUA (RR 0.963, 95% CI: 0.563—
1.592). Survival curve analyses revealed that RFS and OS
were both significantly worse in PDA than in WMDA
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Table 1 Patients' clinicopathologic features at surgery
WMDA (n=152) PDA (n=98) MUA (n=64) SRCC(n=9)

Age

Range 34-93 36-92 26-90 30-82

Median 69 69.5 71 71
Sex

Male 95 47 42 5

Female 57 51 22 4
Family history of CRC

Yes 7 1 4 1

No 145 96 59 8

Unknown 1 1
Location

Left-sided 107 40 33 4

Right-sided 45 58 31 5
Depth of invasion

pTis/pT1/pT2 3/15/22 0/2/3 0/1/5 0/0/1

pT13/pT4 92/20 57/36 45/13 2/6
Venous invasion

Yes (v1-3) 84 80 31 8

No (v0) 68 18 33 1
Lymphatic invasion

Yes 55 86 38 8

No 88 12 26 1

Unknown 9
Nodal metastasis

pN1/pN2 41/17 37/30 17/9 2/4

pNO 94 31 38 3
pTNM stage

o/1/1l 3/33/58 0/4/27 0/4/33 0/1/1

Il 58 67 27 7
Postoperative chemotherapy

Yes 52 48 22 3

No 100 48 39 6

Unknown 2 3
Postoperative radiation

Yes 5 2 3 1

No 147 94 58 8

Unknown 2 3

WMDA well-to-moderately differentiated adenocarcinoma, PDA poorly differentiated adenocarcinoma, MUA mucinous adenocarcinoma, SRCC signet-ring cell
carcinoma, pTNM pathologic tumor, node, metastasis

(Fig. 2). WMDA and MUA revealed similar RFS, but OS
was somewhat worse in MUA than in WMDA, although
not statistically significant.

Recurrence rate according to the Vl grade in each
histological subtype

The recurrence rate of WMDA was similar between v0
(11.8%) and v1 (15.8%), but it was significantly higher in
v2 (73.9%) and v3 (75.0%) than in v0. The recurrence rate

of PDA was similar among v0 (27.8%), v1 (32.7%) and v2
(33.3%), but it was marginally higher in v3 (60.0%) than
in v0. The recurrence rate of MUA with v1 (30.8%) and
v2 (40.0%) was approximately twice as high as that with
v0 (15.2%), but the difference did not reach a statisti-
cal significance. The recurrence rates of WMDA with
v0 and vl and MUA with v0 were in the 10% range, but
those in other settings of WMDA, MUA and PDA were
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Table 2 Recurrence rate according to the grade of venous invasion
Grade of venous invasion Total

v2 v3

v0 vl
WMDA
*Recurrence (%) 8/68 (11.8%) 9/57 (15.8%)
RR (95% Cl) Reference 1.342 (0.565-3.200)
**p value 0.604
Median DTR (range) 4385 (268-1264) 593 (105-2212)
PDA
Recurrence (%) 5/18 (27.8%) 17/52 (32.7%)
RR (95% Cl) Reference 1.177 (0.555-2.839)
p value 0.776
Median DTR (range) 608 (195-3407) 341 (123-1070)
MUA
Recurrence (%) 5/33 (15.2%) 8/26 (30.8%)
RR (95% Cl) Reference 2.031(0.781-5.423)
p value 0.209
Median DTR (range) 547 (423-1600) 582.5 (22-993)
SRCC
Recurrence (%) 0/1 (0.0%) 2/6(33.3%)
RR (95% Cl) Reference N.A
p value

Median DTR (range) 785.5 (436-1135)

17/23 (73.9%) 3/4 (75.0%) 37/152 (24.3%)
6.283 (3.364-10.834) 6.375 (2.209-9.023)

<0.001 0.010

232 (18-2561) 300 (51-368) 374 (18-2561)
6/18 (33.3%) 6/10 (60.0%) 34/98 (34.7%)
1.200 (0.455-3.217) 2.160 (0.874-4.695)

1.000 0.125

207.5(139-539) 142.5 (87-297) 244 (87-3407)
2/5 (40.0%)

2.640 (0.645-7.310)
0.223

633.5 (282-985)

15/64 (23.4%)

572 (22-1600)

0/1 (0.0%) 1/1 (100.0%)
N.A N.A

3/9 (33.3%)

2710 (2710-2710) 1135 (436-2710)

WMDA well-to-moderately differentiated adenocarcinoma, PDA poorly differentiated adenocarcinoma, MUA mucinous adenocarcinoma, SRCC signet-ring cell
carcinoma, RR relative risk, Cl confidence interval, DTR days to recurrence, N.A not applicable, v0 no venous invasion, v1 1-3 invasions/glass slide, v2 4-6 invasions/

glass slide, v3> 7 invasions/glass slide

The filling type of venous invasion in a macroscopically identifiable vein with a minor axis of > 1 mm raised the grade of av1 orv2 by 1

*In this study cohort, there were no cases of local recurrence throughout the histological subtypes. Therefore, recurrence means distant metastasis due to

hematogenous/lymphatic spread or peritoneal dissemination

**Statistical analysis was performed by Fisher’s exact test

approximately 30% or more. These results are summa-
rized in Table 2.

Prognostic factors for recurrence in each histological
subtype

Associations between recurrence and clinicopathologic
parameters were investigated by Fisher’s exact test or
the chi-square test as a univariate analysis of recurrence-
predictive factors. Depth of tumor invasion, VI grade,
nodal metastasis, and pathologic TNM stage were can-
didate predictors of WMDA, and depth of tumor inva-
sion, nodal metastasis, and pathologic TNM stage were
candidate predictors for PDA. Postoperative chemo-
therapy was found to be significantly associated with
recurrence in WMDA, PDA, and MUA and postopera-
tive radiotherapy was found to be significantly associ-
ated with recurrence in WMDA. However, they were not
deemed candidate recurrence-predictive factors because
they were performed as salvage therapy after recurrence.
There were no candidate predictors for MUA and SRCC.
These results are summarized in Table 3.

Then, multivariate analysis was performed by using
logistic regression analysis in WMDA and PDA. Patho-
logic TNM stage was excluded from the analysis because
it was determined based on the depth of tumor invasion
and nodal metastasis. VI grade, depth of tumor invasion,
and nodal metastasis were all significant predictive fac-
tors of recurrence in WMDA. Depth of tumor invasion
was the only significant predictive factor in PDA. These
results are summarized in Table 4.

Recurrence in CRC histological subtypes with or without
nodal metastasis

In this section, the effect of VI grade on recurrence was
investigated in CRC histological subtypes with or with-
out nodal metastasis by the Kaplan—Meier method and
the long-rank test. In this study, node-negative CRC and
node-positive CRC correspond to stage II or lower and
stage III of the TNM classification, respectively. In the
analysis of node-negative WMDA, there was no signifi-
cant difference in clinicopathologic parameters between
v0 and v1 or v2 except for male predominance in v2 cases
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Fig. 2 Prognoses of CRC histological subtypes. A Recurrence-free
survival. B Overall survival. CRC, colorectal cancer; WMDA,
well-to-moderately differentiated adenocarcinoma; PDA, poorly
differentiated adenocarcinoma; MUA, mucinous adenocarcinoma;
SRCG, signet-ring cell carcinoma

(Additional file 1: Table S2). Comparison of Kaplan-
Meier curves revealed that RES was significantly poorer
in v2 cases than in v0 cases, while vO and v1 had simi-
lar prognoses (Fig. 3A). The recurrence rates of vO and v1
were quite low (5.7% and 12.5%, respectively: p=0.417
by Fisher’s exact test), and the RFS rates of vO and vl
exceeded 90% until postoperative day (POD) 2100. In the
analysis of node-positive WMDA, there was no signifi-
cant difference in clinicopathologic parameters between
v0 and vl1, v2, or v3 (Additional file 1: Table S3). The
Kaplan—Meier curve analysis revealed that RFS was simi-
lar between v0 and v1, but the RES of v2 or v3 was signifi-
cantly poorer than that of vO (Fig. 3B). The RES rate was
less than 80% by POD 1000 in all VI grades. The progno-
sis of v0 of node-positive WMDA was poorer than that of
v0 or v1 of node-negative WMDA (Fig. 3A, B).

In the analysis of node-negative PDA, there was no
significant difference in clinicopathologic parameters
between vO and vl or v2+v3 except for younger age
and left-sided location in v2 +v3 cases (Additional file 1:
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Table S4). By Kaplan—Meier curve analysis, v0, v1, and
v2+v3 had similar RFS rates, which fell below 80% by
POD 1000 (Fig. 3C). In the analysis of node-positive
PDA, there was no significant difference in clinicopatho-
logic parameters between vO and v1, v2, or v3 (Addi-
tional file 1: Table S5). The Kaplan—Meier curve analysis
revealed that RFS was similar among v0, v1, and v2 but
that of v3 was poorer (Fig. 3D). The REFS rate fell below
80% in all VI grades by POD 1000.

In the analysis of node-negative MUA, there was no
significant difference in clinicopathologic parameters
between v0 and v1 (Additional file 1: Table S6). The RFS
rate exceeded 90% in vO until POD 1600, and the RES of
v1 was marginally poorer than that of vO (Fig. 3E). In the
analysis of node-positive MUA, there was no significant
difference in clinicopathologic parameters between vO
and vl or v2 (Additional file 1: Table S7). The Kaplan—
Meier curve analysis revealed that v0, vl, and v2 had
similar RFS rates, which fell below 80% by POD 1000
(Fig. 3F).

Survival curve analysis was not performed in SRCC
because of the small number of cases.

Discussion

In the present study, we found that the frequency of VI
and its effect on postoperative recurrence/metastasis
differed depending on the histological subtype. Possible
applications of our results to postoperative treatment are
discussed below.

In routine surgical pathology, histological subtype,
grade of differentiation, depth of tumor invasion, lym-
phovascular invasion, lymph mode metastasis, and resec-
tion margin status are evaluated in the resected CRC
specimens. Clinicians plan postoperative treatment
based on the pathology report. Metastasis is caused by
tumor cell spread via lymphatics or veins or by dissemi-
nation. VI is theoretically a risk factor for distant metas-
tasis, but it is not a defining factor for TNM stage [4, 5].
Meanwhile, some investigators reported that VI was a
significant prognostic factor independent of depth of
invasion, grade, and lymph node metastasis [10—12]. The
prediction of recurrence based on the VI degree by the
EVG staining is inexpensive and does not require special
equipment in contrast to the molecular testing. It is an
inspection that is feasible at any facility worldwide. Since
the incidence of VI increases with increasing grade [13],
we investigated the clinical impact of VI for each histo-
logical subtype and discussed the indications for adjuvant
therapy depending on the VI grade.

In Japan, VI has long been classified as vO (none),
vl (mild), v2 (moderate), and v3 (severe) based on the
pathologist’s subjectivity until the former Japanese Clas-
sification of Colorectal Carcinoma (8th edition) [14]. The
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Table 3 Associations between recurrence and clinicopathologic parameters
Histotype Parameter Odds ratio 95% Cl Statistics p value
WMDA (n=152) Age (>65) 1.310 0.587-2.919 F 0.556
Sex (male) 0.542 0.256-1.148 F 0.121
Location (right) 1.405 0.639-3.091 F 0413
Depth of invasion N.C N.C C 0.000
Venous invasion N.C N.C C 0.000
Nodal metastasis (positive) 6.131 2.715-13.842 F 0.000
pTNM Stage N.C N.C C 0.000
Postoperative chemtherapy (done) 18.117 7.043-46.604 F 0.000
Postoperative irradiation (done) N.C N.C F 0.001
PDA (n=98) Age (> 65) 0.846 0.357-2.005 F 0.825
Sex (male) 0.658 0.284-1.524 F 0.397
Location (right) 1.179 0.503-2.761 F 0.830
Depth of invasion N.C N.C C 0.058
Venous invasion N.C N.C C 0.346
Nodal metastasis (positive) 2.991 1.084-8.252 F 0.040
pTNM Stage N.C N.C C 0.065
Postoperative chemtherapy (done) 3.800 1.549-9.322 F 0.005
Postoperative irradiation (done) N.C N.C F 0.123
MUA (n=64) Age (> 65) 0.882 0.257-3.029 F 1.000
Sex (male) 1.063 0.312-3.614 F 1.000
Location (right) 1.841 0.568-5.970 F 0382
Depth of invasion N.C N.C C 0.320
Venous invasion N.C N.C C 0.246
Nodal metastasis (positive) 2.824 0.860-9.269 F 0.132
pTNM Stage N.C N.C @ 0.201
Postoperative chemtherapy (done) 8.750 2.314-33.080 F 0.001
Postoperative irradiation (done) 6.923 0.581-82.548 F 0.147
SRCC (h=9) Age (>65) 0.100 0.004-2.504 F 0.226
Sex (male) 0.250 0.013-4.729 F 0.524
Location (right) 2.000 0.112-35.807 F 1.000
Depth of invasion N.C N.C C 1.000
Venous invasion N.C N.C C 0.392
Nodal metastasis (positive) N.C N.C F 0.464
pTNM Stage N.C N.C C 0.526
Postoperative chemtherapy (done) 10.000 0.399-250.419 F 0.183
Postoperative irradiation (done) N.C N.C F 1.000

In this study cohort, there were no cases of local recurrence throughout the histological subtypes. Therefore, recurrence means distant metastasis due to

hematogenous/lymphatic metastasis or peritoneal dissemination

WMDA well-to-moderately differentiated adenocarcinoma, PDA poorly differentiated adenocarcinoma, MUA mucinous adenocarcinoma, SRCC signet-ring cell
carcinoma, pTNM pathologic tumor, node, metastasis, C/ confidence interval, N.C not calculated, F Fisher’s exact test, C chi-square test

latest Japanese Classification of Colorectal Carcinoma
(9th edition) and its English version (3rd edition) clas-
sified VI as VO (none), V1a (microscopic VI, mild), V1b
(microscopic VI, moderate), and V1c (microscopic VI,
severe) based on the pathologist’s subjectivity and V2
(macroscopic VI) [15, 16]. This revision may reflect the
UICC TNM staging system classification (8th edition), in
which VI is classified either in V1 (microscopic VI) or V2

(macroscopic VI) [4]. Metastasis is more likely to occur
when the primary tumor growth spreads into large veins
than when only small venules are invaded [17, 18]. How-
ever, some authors reported that the differences between
VI involving a large invaded vein and VI involving a small
invaded vein were not significant [3]. VI was also sub-
divided by the number of invaded veins. The number of
VIs was subdivided into 0 (GO), 1-3 (G1), and 4 or more
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Table 4 Multivariate logistic regression analysis for predicting
recurrence

Histotype Parameter Odds ratio 95% Cl p value

WMDA Venous invasion 2.879 1.578-5.252 0.001
Depth of invasion 2.881 1.281-6479 0.011
Nodal metastasis 3.113 1.249-7.759 0.015
(positive)

PDA Depth of invasion 2.542 1.110-5.822 0.027
Nodal metastasis 2213 0.767-6.381 0.142
(positive)

In this study cohort, there were no cases of local recurrence throughout the
histological subtypes. Therefore, recurrence means distant metastasis due to
hematogenous/lymphatic metastasis or peritoneal dissemination

WMDA well-to-moderately differentiated adenocarcinoma, PDA poorly
differentiated adenocarcinoma, C/ confidence interval

(G2) per glass slide by Sato et al. [3]; 0 (VO0), 1-3 (V1),
4—6 (V2), and 7 or more (V3) per glass slide by Shirouzu
et al. [19]; 0, 1-2 (minimal), 3—4 (intermediate), and 5 or
more (massive) per glass slide by Sternberg et al. [20]; O
(v0), 1-2 (v1), 3-5 (v2), and 6 or more (v3) per glass slide
by Ouchi et al. [21]; and 0 (v0), 1-2 (v1), 3-6 (v2), and 7
or more (v3) per glass slide by Yokokawa et al. [22]. The
number of VIs was found to impact on overall survival
[3, 19, 21], local recurrence [19], and liver metastasis [19,
22]. What was of interest was that GO and G1 by Sato
et al. had similar OS rates in stage II CRC [3] and that
V0 and V1 by Shirouzu et al. had similar OS rates in CRC
with Dukes’ stage B and C [19]. Meanwhile, Sternberg
et al. reported that only minimal VI is required for the
seeding of clinically relevant hematogenous metastases
[20].

In addition, VI is subclassified by the morphologic type
and location of the involved veins. In previous studies,
VI was classified into the filling type, the floating type in
which tumor cells did not adhere to the vein and floated
in the lumen, and the infiltrating type in which tumor
cells were seen infiltrating the wall of the vessel [3, 19,
20, 23]. These types often coexist [19, 20], and the sur-
vival impact between the filling type and nonfilling type
was not significant [3, 23]. With respect to the location
of the venous vessels involved, there is a controversy
over the prognostic impact of intramural and extramu-
ral VI. Some authors have concluded that extramural VI
indicates poor prognosis [11, 17, 18, 24], but others have
shown that both intramural and extramural VI can be a
cause of poor prognosis [12, 20]. In addition, Sato et al.
did not find a significant difference between intramu-
ral and extramural VI [3]. Since the intramural vein and
extramural vein are connected, we considered that there
may be little reason to distinguish them with respect
to metastatic potential. In clinical practice, the latest
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Japanese Classification of Colorectal Carcinoma (9th edi-
tion) and its English version (3rd edition) recommend
recording the level of the deepest vascular invasion, such
as V1a (SS), in which SS means subserosa [15, 16].

Given the above studies and recommendations, we
graded venous invasion based on the number of venous
invasions and the size of the invaded vein. Microscopic
VI and macroscopic VI were integrated to create a sim-
ple grading system, as with the former Japanese Classifi-
cation of Colorectal Carcinoma (8th and older editions)
[14]. The VI grade was increased by 1 when the filling
type of macroscopic VI (Fig. 1B) was observed because
we reasoned that such a situation might have greater
metastatic potential than the infiltrating type of micro-
scopic VI (Fig. 1A).

To the best of our knowledge, all similar studies ana-
lyzed CRC without histopathologic subtyping. However,
CRC consists of various histological subtypes. For exam-
ple, 257 consecutive CRCs resected between April 1998
and March 2000 in TKNH and between 2012 and 2017
in IUHWSH comprised 228 WMDAs (88.7%), 17 PDAs
(6.6%), 10 MUAS (3.9%), one SRCC (0.4%), and one neu-
roendocrine carcinoma (0.4%). Thus, histological sub-
types other than WMDA comprise approximately 10% of
CRC and exhibit distinct biological characteristics, lead-
ing to a more unfavorable prognosis than WMDA [6-8].
Their treatment strategies should not be the same as that
for WMDA.

In the present study, we investigated CRCs without
distant metastasis at the time of surgery, i.e., pathologic
stage III or lower. The rate of postoperative recurrence
was marginally higher in PDA than in WMDA, and the
rate of recurrence was similar between WMDA and
MUA (Additional file 1: Table S1). Kaplan—Meier curve
analysis revealed that RFS was significantly worse in
PDA than in WMDA and that RFS was similar between
WMDA and MUA (Fig. 2). Due to the small number of
cases, SRCC was not subject to a statistical analysis in
this case. These data suggested that recurrence predictive
factors for WMDA and PDA should be determined inde-
pendently. In fact, the rate of recurrence depending on
the VI grade was different for each histological subtype.
Then, multivariate analyses for recurrence predictive fac-
tors revealed that VI grade was a significant prognostic
factor in WMDA but not in PDA, MUA, or SRCC. We
speculate that these histological subtypes themselves
represent strong invasiveness and may have masked the
effect of VL.

Adjuvant chemotherapy is the standard of care for
stage III CRC after resection [25]. Recurrence occurred
in approximately 30% of stage III CRCs resected between
1996 and 2001, and the estimated RFS at five years was
70% in the United States [26]. After surgical resection of
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Fig. 3 Recurrence-free survival of CRC histological subtypes with or without nodal metastasis. A WMDA without nodal metastasis. *1, p=0.2676.
*2,p=0.0603.*3, p=0.0011. B WMDA with nodal metastasis. *1, p=0.5539. *2, p=0.0002. *3, p =0.0461. C PDA without nodal metastasis. D PDA
with nodal metastasis. *1, p=0.0944. E MUA without nodal metastasis. *1, p=0.1635. F MUA with nodal metastasis. CRC, colorectal cancer; WMDA,
well-to-moderately differentiated adenocarcinoma; PDA, poorly differentiated adenocarcinoma; MUA, mucinous adenocarcinoma

stage III CRC, adjuvant chemotherapy provides a 22—32%
OS advantage and a 30% RR reduction in disease recur-
rence [27]. Meanwhile, recurrence occurred in 10.0% of
stage II CRC resected between 1995 and 2007, and the
estimated RFS at five years was 90% [26]. The usefulness
of adjuvant therapy for stage II disease remains contro-
versial [25]. Currently, the American Society of Clini-
cal Oncology (ASCO), the European Society of Medical
Oncology (ESMO), and the US National Comprehensive

Cancer Network (NCCN) have designated high-risk
stage II CRCs as cases having any one or more of the fol-
lowing characteristics: stage pT4, poorly differentiated
tumor, mucinous tumor, perforation, lymphovascular
invasion, perineural invasion, a small number of lymph
nodes examined (ASCO<13; ESMO and NCCN<12),
and close, indeterminate, or positive margins after sur-
gery (NCCN) [28]. However, no specific numerical cri-
teria have been established for lymphovascular invasion.
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Thus, there is still no answer as to whether or not adju-
vant therapy should be performed when mild venous
invasion, such as one venous invasion of infiltrating type
per glass slide, is observed in stage II CRC. Accordingly,
we next analyzed the RES of stage 0/I/II (node-negative)
and stage III (node-positive) disease separately in each
histological subtype. In node-negative CRCs, the RFS
rate exceeded 90% in vO and vl WMDA for more than
5 years and vO MUA for more than 4 years after surgery
(Fig. 3A, E), but the RFS rate fell to around 80% in PDA
irrespective of VI grade within 3 years after surgery.
These results suggest that the RFS of WMDA with v0 and
vl and MUA with v0 are similar but the RFS in the other
settings is more unfavorable. If a 5-year RFS rate of over
90% is deemed satisfactory, adjuvant chemotherapy could
be spared for WMDA with v0 and v1 and MUA with vO0.
However, it may be better to consider adjuvant chemo-
therapy for WMDA with v2 and v3 as well as MUA with
VI and all PDAs. On the other hand, in node-positive
CRCs, the RES rate fell below 80% in WMDA, PDA, and
MUA irrespective of the VI grade within 3 years after
surgery. These results suggest that adjuvant therapy is
warranted for all histological subtypes of stage III CRC.
Our study has some limitations. First, this was a ret-
rospective study. Second, the patient groups were rather
small after stratification. Therefore, our results must be
evaluated in a larger prospective study. Third, adjuvant
chemotherapy was performed in a subset of included
patients, approximately 20-30% of node-negative (stage
IT or lower) patients and 50-60% of node-positive (stage
III) patients (Additional file 1: Tables S2 to S7). The
recurrence rates without adjuvant chemotherapy would
have been higher than those observed in this study. For
example, 30% of patients with stage III CRC benefit from
standard adjuvant chemotherapy, 50% of them are already
cured by the surgery and 20% of them experience disease
recurrence despite adjuvant treatment [29]. However, the
rate of postoperative chemotherapy between v0 and v1,
v2, or v3 did not differ significantly in any node-negative
and node-positive histological subtypes (Additional file 1:
Tables S2 to S7), and we speculate that postoperative
chemotherapy would not significantly affect our conclu-
sions. Fourth, the effect of neural invasion by cancer was
not evaluated in this study. In Japan, a description of neu-
ral invasion was not common until July 2013, when the
former Japanese Classification of Colorectal Carcinoma
(8th edition) was published [14]. Although neural inva-
sion may be a risk factor for recurrence, we infer that
cancer extension along neural fibers would result in local
recurrence. Meanwhile, all recurrences occurred as dis-
tant metastases in this study. In addition, neural invasion
was noted only in three (3.1%) of 98 consecutive CRC
cases resected at IUHWSH between 2015 and 2017. We
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therefore speculate that the effect of neural invasion on
prognosis might be minimal in this study. Fifth, tumor
budding, which is a small cluster of fewer than five cells at
the invasive front of the tumor, was not analyzed in this
study. Although it has been reported to be an independ-
ent adverse prognostic factor in stage II CRC [30], tumor
budding has not been included in the AJCC TNM staging
system thus far. Furthermore, assessment of tumor bud-
ding may not be applicable in some histological subtypes,
such as MUA and SRCC [30].

Conclusions

VI degree was a significant predictor of recurrence in
WMDA, which comprises nearly 90% of consecutively
resected CRCs, but not in other histological subtypes,
by multivariate analysis. VI grade vl might not warrant
adjuvant chemotherapy in node-negative (stage II or
lower) WMDA. In addition to node-positive (stage III)
CRC, adjuvant chemotherapy may be indicated for node-
negative CRC when it is WMDA with VI grade v2 or v3,
MUA with VI, or PDA.

Abbreviations

CRC: Colorectal cancer; VI: Venous invasion; UICC: Union for International
Cancer Control; TNM: Tumor, node, metastasis; AJCC: American Joint Commit-
tee on Cancer; PDA: Poorly differentiated adenocarcinoma; RFS: Recurrence-
free survival; OS: Overall survival; WMDA: Well-to-moderately differentiated
adenocarcinoma; EVG: Elastica van Gieson; TKNH: Tokyo Kosei Nenkin Hospital;
IUHWSH: International University of Health and Welfare, Shioya Hospital; MUA:
Mucinous adenocarcinoma; SRCC: Signet-ring cell carcinoma; DMUKH: Dokkyo
Medical University Koshigaya Hospital; SKGH: Saiseikai Kawaguchi General
Hospital; WHO: World Health Organization; RR: Relative risk; Cl: Confidence
interval; POD: Postoperative day; ASCO: American Society of Clinical Oncology;
ESMO: European Society of Medical Oncology; NCCN: National Comprehen-
sive Cancer Network.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512876-022-02163-7.

Additional file 1:Tables S1-S7. Frequencies of metastasis and clinico-
pathologic characteristics in each histological subtype with or without
nodal metastasis.

Acknowledgements
Not applicable.

Authors’ contributions

Yl conceived the study design. Yl and Ml acquired the clinical data. Yl analyzed
the data and wrote the manuscript. All authors critically revised the work and
approved the final version to be published. All authors read and approved the
final manuscript.

Funding
No funding was received.

Availability of data and materials
All data generated or analyzed in this study are included in this published
article and an additional file.


https://doi.org/10.1186/s12876-022-02163-7
https://doi.org/10.1186/s12876-022-02163-7

Imai and Ichinose BMC Gastroenterology (2022) 22:79

Declarations

Ethics approval and consent to participate

This study was approved by the ethical committees of the participating hos-
pitals: Dokkyo Medical University Koshigaya Hospital, Koshigaya 23008; Tokyo
Kosei Nenkin Hospital, 30/11/2011; Saiseikai Kawaguchi General Hospital, no.
24-5: International University of Health and Welfare, FK-94. Due to the retro-
spective study design and the anonymization of data, consent to participate
was not necessary.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Diagnostic Pathology, Ota Memorial Hospital, SUBARU Health
Insurance Society, 455-1 Oshima, Ota, Gunma 373-8585, Japan. 2Department
of Surgery, Shioya Hospital, International University of Health and Welfare,
Tochigi, Japan.

Received: 6 September 2021 Accepted: 15 February 2022
Published online: 23 February 2022

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, Bray
F. Global cancer statistics. CA Cancer J Clin. 2020;71(3):209-49. https://doi.
0rg/10.3322/caac.21660.

2. American Cancer Society. Survival rates for colorectal cancer. https://
www.cancer.org/cancer/colorectal-cancer/detection-diagnosis-staging/
survival-rates.html. Accessed 18 May 2021.

3. SatoT, Ueno H, Mochizuki H, Shinto E, Hashiguchi Y, Kajiwara Y, Shimazaki
H, Hase K. Objective criteria for the grading of venous invasion in colorec-
tal cancer. Am J Surg Pathol. 2010;34(4):454-62. https://doi.org/10.1097/
PAS.0b013e3181d296ef.

4. Union for International Cancer Control (UICC). Introduction. In: Brierley JD,
Gospodarowicz MK, Wittekind C, editors. TNM classification of malignant
tumours. 8th ed. Oxford: Wiley Blackwell; 2017. p. 102-4.

5. American Joint Committee on Cancer (AJCC). Colon and rectum cancer
staging, 7th edn. http://cancerstaging.org/references-tools/quickrefer
ences/Documents/ColonMedium.pdf. Accessed 22 July 2011.

6. Yamagishi H, Imai Y, Okamura T, Fukuda K, Ono Y, Ban S, Inoue T, Ueda
Y. Aberrant cytokeratin expression as a possible prognostic predictor
in poorly differentiated colorectal carcinoma. J Gastroenterol Hepatol.
2013;28(12):1815-22. https://doi.org/10.1111/jgh.12319.

7. ImaiY, Yamagishi H, Fukuda K, Okamura T, Ono Y, Ban S, Inoue T, Ueda Y.
Expression of cytokeratin 20 indicates invasive histological phenotype
in poorly differentiated colorectal adenocarcinoma. Anticancer Res.
2014,;34(1):159-68.

8. ImaiY,Yamagishi H, Fukuda K, Ono Y, Inoue T, Ueda Y. Differential mucin
phenotypes and their significance in a variation of colorectal carcinoma.
World J Gastroenterol. 2013;19(25):3957-68. https://doi.org/10.3748/wjg.
v19.i25.3957.

9. Hamilton SR, Bosmann FT, Boffetta P, llyas M, Morreau H, Nakamura S,
Quirke P, Riboli E, Sobin LH. Carcinoma of the colon and rectum. In:
Bozman FT, Carneiro F, Hruban RH, Theise ND, editors. WHO classification
of tumours of the digestive system. 4th ed. Lyon: IARC Press; 2010. p.
134-46.

10. Horn A, Dahl O, Morild I. Venous and neural invasion as predictors of
recurrence in rectal adenocaricinoma. Dis Colon Rectum. 1991;34(9):798—
804. https://doi.org/10.1007/BF02051074.

11. Harrison JC, Dean PJ, el-Zeky F, Vander Zwaag R. From Dukes through
Jass: pathological prognostic indicators in rectal cancer. Hum Pathol.
1994,25(5):498-505. https://doi.org/10.1016/0046-8177(94)90122-8.

12. Petersen VC, Baxter KJ, Love SB, Shepherd NA. Identification of objective
pathological prognostic determinants and models of prognosis in Duke’s
B colon cancer. Gut. 2002;51(1):65-9. https://doi.org/10.1136/gut.51.1.65.

Page 11 of 11

13. Minsky B, Mies C. The clinical significance of vascular invasion in colo-
rectal cancer. Dis Colon Rectum. 1989;32(9):794-803. https://doi.org/10.
1007/BF02562132.

14. Japanese Society for Cancer of the Colon and Rectum. Japanese clas-
sification of colorectal carcinoma [in Japanese]. 8th ed. Tokyo: Kanehara;
2013.p.29.

15. Japanese Society for Cancer of the Colon and Rectum. Japanese classifi-
cation of colorectal, appendiceal, and anal carcinoma [in Japanesel. 9th
ed. Tokyo: Kanehara; 2018. p. 31-2.

16. Japanese Society for Cancer of the Colon and Rectum. Japanese clas-
sification of colorectal, appendiceal, and anal carcinoma: the 3d English
Edition [Secondary Publication]. J Anus Rectum Colon. 2019;3(4):175-95.

17. Talbot IC, Ritchie S, Leighton MH, Hughes AQO, Bussey HJ, Morson BC.

The clinical significance of invasion of veins by rectal cancer. Br J Surg.
1980;67(6):439-42. https://doi.org/10.1002/bjs.1800670619.

18. Talbot IC, Ritchie S, Leighton MH, Hughes AO, Bussey HJ, Morson BC.
Spread of rectal cancer within veins. Histologic features and clinical
significance. Am J Surg. 1981;141(1):15-7. https://doi.org/10.1016/0002-
9610(81)90004-0.

19. Shirouzu K, Isomoto H, Kakegawa T, Morimatsu M. A prospective clin-
icopathologic study of venous invasion in colorectal cancer. Am J Surg.
1991;162(3):216-22. https://doi.org/10.1016/0002-9610(91)90073-m.

20. Sternberg A, Amar M, Alfici R, Groisman G. Conclusions from a study of
venous invasion in stage IV colorectal adenocarcinoma. J Clin Pathol.
2002;55(1):17-21. https://doi.org/10.1136/jcp.55.1.17.

21. OuchiK, Sugawara T, Ono H, Fujiya T, Kamiyama Y, Kakugawa Y, Mikuni
J, Tateno H. Histologic features and clinical significance of venous
invasion in colorectal carcinoma with hepatic metastasis. Cancer.
1996;78(11):2313-7. https://doi.org/10.1002/(sici)1097-0142(19961201)
78:11%3¢2313::aid-cncr7%3e3.0.co;2-n.

22. Yokokawa K, Kawamura M, Arai K, Shikawa A, Ohta S. A clinicopathologi-
cal study of venous invasion of curative by resected colon cancer [in
Japanese]. J Showa Med Assoc. 1991,51(4):419-28.

23. Krasna MJ, Flancbaum L, Cody RP, Shneibaum S, Ben AG. Vascular and
neural invasion in colorectal cancer. Cancer. 1998;61(5):1018-23. https.//
doi.org/10.1002/1097-0142(19880301)61:5%3¢1018::aid-cncr282061
0527%3e3.0.co;2-h.

24. Inoue T, Mori M, Shimono R, Kuwano H, Sugimachi K. Vascular invasion of
colorectal carcinoma readily visible with certain stains. Dis Colon Rectum.
1992;35(1):34-9. https://doi.org/10.1007/BF02053336.

25. Kannarkatt J, Joseph J, Kurniali PC, Al-Janadi A, Hrinczenko B. Adjuvant
chemotherapy for stage Il colon cancer: a clinical dilemma. J Oncol Pract.
2017;13(4):233-41. https://doi.org/10.1200/JOP2016.017210.

26. Tsikitis VL, Larson DW, Huebner M, Lohse CM, Thompson PA. Predictors of
recurrence free survival for patients with stage Il and Il colon cancer. BMC
Cancer. 2014;14:336. https://doi.org/10.1186/1471-2407-14-336.

27. Benson AB. Adjuvant chemotherapy of stage Ill colon cancer. Semin
Oncol. 2005;32(Suppl 9):74-7. https://doi.org/10.1053/j.seminoncol.2005.
04.016.

28. Bender U, Rho YS, Barrera |, Aghajanyan S, Acoba J, Kavan P. Adjuvant
therapy for stages Il and Il colon cancer: risk stratification, treatment
duration, and future directions. Curr Oncol. 2019;26(Suppl 1):43-52.
https://doi.org/10.3747/c0.26.5605.

29. Taieb J, Gallois C. Adjuvant chemotherapy for stage Il colon cancer.
Cancers. 2020;12(9):2679. https://doi.org/10.3390/cancers12092679.

30. Lugli A, Kirsch R, Ajioka Y, Bosman F, Cathomas G, Dawson H, El Zimaity H,
Fléjou JF, Hansen TP, Hartmann A, Kakar S, Langner C, Nagtegaal |, Puppa
G, Riddell R, Ristiméaki A, Sheahan K, Smyrk T, Sugihara K, Terris B, Ueno
H, Vieth M, Zlobec I, Quirke P. Recommendations for reporting tumor
budding in colorectal cancer based on the International Tumor Budding
Consensus Conference (ITBCC). Mod Pathol. 2017;30:1299-311. https.//
doi.org/10.1038/modpathol.2017.46.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://www.cancer.org/cancer/colorectal-cancer/detection-diagnosis-staging/survival-rates.html
https://www.cancer.org/cancer/colorectal-cancer/detection-diagnosis-staging/survival-rates.html
https://www.cancer.org/cancer/colorectal-cancer/detection-diagnosis-staging/survival-rates.html
https://doi.org/10.1097/PAS.0b013e3181d296ef
https://doi.org/10.1097/PAS.0b013e3181d296ef
http://cancerstaging.org/references-tools/quickreferences/Documents/ColonMedium.pdf
http://cancerstaging.org/references-tools/quickreferences/Documents/ColonMedium.pdf
https://doi.org/10.1111/jgh.12319
https://doi.org/10.3748/wjg.v19.i25.3957
https://doi.org/10.3748/wjg.v19.i25.3957
https://doi.org/10.1007/BF02051074
https://doi.org/10.1016/0046-8177(94)90122-8
https://doi.org/10.1136/gut.51.1.65
https://doi.org/10.1007/BF02562132
https://doi.org/10.1007/BF02562132
https://doi.org/10.1002/bjs.1800670619
https://doi.org/10.1016/0002-9610(81)90004-0
https://doi.org/10.1016/0002-9610(81)90004-0
https://doi.org/10.1016/0002-9610(91)90073-m
https://doi.org/10.1136/jcp.55.1.17
https://doi.org/10.1002/(sici)1097-0142(19961201)78:11%3c2313::aid-cncr7%3e3.0.co;2-n
https://doi.org/10.1002/(sici)1097-0142(19961201)78:11%3c2313::aid-cncr7%3e3.0.co;2-n
https://doi.org/10.1002/1097-0142(19880301)61:5%3c1018::aid-cncr2820610527%3e3.0.co;2-h
https://doi.org/10.1002/1097-0142(19880301)61:5%3c1018::aid-cncr2820610527%3e3.0.co;2-h
https://doi.org/10.1002/1097-0142(19880301)61:5%3c1018::aid-cncr2820610527%3e3.0.co;2-h
https://doi.org/10.1007/BF02053336
https://doi.org/10.1200/JOP.2016.017210
https://doi.org/10.1186/1471-2407-14-336
https://doi.org/10.1053/j.seminoncol.2005.04.016
https://doi.org/10.1053/j.seminoncol.2005.04.016
https://doi.org/10.3747/co.26.5605
https://doi.org/10.3390/cancers12092679
https://doi.org/10.1038/modpathol.2017.46
https://doi.org/10.1038/modpathol.2017.46

	Risk stratification for predicting postoperative recurrencemetastasis of colorectal cancer by grade of venous invasion coupled with histological subtype
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Patients
	Histopathologic examination
	Statistical analysis

	Results
	Clinicopathologic features of each histological subtype
	Postoperative recurrence and prognosis in each histological subtype
	Recurrence rate according to the VI grade in each histological subtype
	Prognostic factors for recurrence in each histological subtype
	Recurrence in CRC histological subtypes with or without nodal metastasis

	Discussion
	Conclusions
	Acknowledgements
	References


