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Background: Extramural venous invasion is an independent predictor 
of poor outcome in colorectal cancer, whereas the significance of 
the intramural component of venous and lymphatic and perineural 
invasion  is unclear.
Aims: To evaluate the prognostic impact of intramural components 
for venous, lymphatic, and  perineural invasions and the relation of 
these invasion patterns with clinicopathological features in patients 
with colon cancer.
Study Design: A retrospective cross-sectional study.
Methods: The analysis included 626 patients with colon cancer in 
stages II and III. All patients were divided into four categories (no 
invasion, intramural invasion only, extramural invasion only, or both 
intramural and extramural invasions) for vascular invasion, lymphatic 
invasion and  perineural invasion. The primary outcomes were 5-year 
disease-free and overall survival.
Results: Right-sided (for vascular invasion, 24.7% vs. 33.9%,  
p = 0.007; for perineural invasion, 34.5% vs. 41.5%, p = 0.034) and 

dMMR tumors (for vascular invasion, 13.5% vs. 33.5, p < 0.001; 
for perineural invasion, 25% vs. 41.4%, p = 0.004) exhibited less 
venous and perineural invasion. Compared with no invasion, presence 
of intramural invasion only, did not exert any effect on disease-free  
or overall survival  for vascular invasion, lymphatic invasion, and 
perineural invasion. Multivariate analyses revealed that the presence of 
both intramural and extramural invasion was independently associated 
with poor disease-free  and overall survival  for venous  (hazard ratios: 
2.39, p = 0.001; hazard ratios: 2.46, p = 0.001), lymphatic (hazard 
ratios: 2.456, p < 0.001; hazard ratios: 2.13, p = 0.02) and  perineural 
invasion (hazard ratios: 2.99, p < 0.001; hazard ratios: 2.68, p < 0.001), 
respectively.
Conclusion: Our data strongly advocates the importance of reporting 
intramural and extramural components of invasion since the presence 
of intramural invasion alone may not be considered as a high-risk 
factor for systemic recurrence.
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  INTRODUCTION

Colorectal cancer remains one of the most common malignancies in 
both genders and the third leading cause of mortality due to cancer.1 
Recurrence and survival rates depend mainly on basal staging and 
histopathological characteristics of the tumor. Staging criteria for 
colon cancer include the extension of the tumor in the colonic wall, 
the presence of nodal metastases, and/or distant disease spread as 
precised in TNM.2 Adjuvant chemotherapy is recommended for 
stage III disease and stage II proficient mismatch repair (pMMR)/
microsatellite stable (MSS) colon cancer with high-risk factors, 
such as T4 tumor, presence of tumor obstruction or perforation, 
poor differentiation, insufficient number of sampled lymph nodes, 
presence of lymphovascular invasion, and/or perineural invasion 
(PNI).3

Extramural venous invasion (EMVI) is a denominator of the 
adverse prognosis in colorectal cancer. However, the implication 
of the intramural component for venous, lymphatic, and even 
PNI is usually underrated. Depending on the depth and spreading 
route within the colonic wall, the invasion patterns are mainly 
classified as no invasion, intramural only, extramural only, and 
invasion of both compartments. Despite the efforts to discriminate 
these invasion models, both the College of American Pathologists 
(CAP) and Association of Directors of Anatomic and Surgical 
Pathology underscore only constant reporting of EMVI during 
routine specimen assessment.4,5 The Royal College of Pathologists 
also advocates reporting the deepest level of invasion for venous 
spread, that is, extra or intramural (submucosal or muscular) 
but not for lymphatic invasion (LI) or PNI.6 Since the standards 
for reporting of invasion level for VI, LI, and PNI differ among 
centers, the interpretation of these variables while making clinical 
decisions for adjuvant systemic therapies is challenging.

The aim of the current study is to evaluate the prognostic impact 
of intramural components for venous, lymphatic, and PNIs and the 
relation of these invasion patterns with clinicopathological features 
in patients with colon cancer.

MATERIALS AND METHODS

Retrospective analysis was performed on patients whose 
histopathological specimens were examined at the Acibadem 
Healthcare Group after radical surgery between December 2014 
and December 2020. Patients with synchronous tumors and those 
younger than 18 years old were excluded. Rectal cancer, stage I 
metastatic colon cancer, and metastatic colon cancer patients 
who had undergone surgery for primary tumor were excluded 
because of discrepancies in tumor biology, treatment modalities, 
and prognosis. After institutional ethical board approval, data of 
patients were assembled from documentation of the pathology 
department, patient visit notes, and the social security index.

The study exclusively comprised patients with stage II and 
stage III colon adenocarcinoma. Patient demographics, all 
tumor characteristics described in the original pathology 
report, postoperative therapy, disease progression, and survival 

parameters were included. The patients were grouped into four 
categories based on the depth of invasion patterns for VI, LI, and 
PNI: no invasion, intramural invasion only, extramural invasion 
only, or both (intramural and extramural). The standardized 
pathological examination was accomplished by the members 
of the gastrointestinal pathology team. The disease stage was 
determined using the eighth edition of the TNM staging system 
by the American Joint Committee on Cancer (AJCC) (2). Tumor 
grading was performed depending on the classification of the 
World Health Organization.7 Left-sided tumors included the 
sigmoid colon, descending colon, and splenic flexure, whereas 
right-sided tumors comprised the cecum, ascending colon, hepatic 
flexure, and transverse colon.

Presence of vascular invasion in the submucosal or muscular layers 
of the colon was defined as intramural vascular invasion (IMVI). 
Detection of tumor cells within a space lined by endothelium, 
containing erythrocytes, or is surrounded by a muscle rim, was 
defined as extramural vascular invasion (EMVI).8 When necessary, 
in addition to hematoxylin and eosin stain, additional methods, 
such as immunohistochemistry (IHC) or elastin stains, were used 
to detect EMVI. A histopathological picture of intramural and 
EMVI is shown in Figures 1 and 2.

FIG. 1. Intramural venous invasion H&E x 3.1

FIG. 2. Extramural venous invasion H&E x 26
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LI was considered as positive only when cancer cells are detected 
within an endothelial-lined lymphatic channel. For discriminating 
LI from retraction artifact, D2-40 IHC was preferred to recognize 
explicitly the lymphatic vessel endothelial layer.9  Detection of LI 
beyond the muscularis propria has been reported as an extramural 
invasion. If the invasion was limited to the submucosal and/
or muscular layer, it was reported as an intramural invasion. A 
histopathological picture of intramural LI is shown in Figure 3.

PNI was defined as the presence of cancer cells within the 
perineurium of any nerve structure, such as the Meissner plexus 
or Auerbach plexus.10,11 The detection of cancer cell spread 
along the Auerbach plexus zone was defined as intramural PNI, 
whereas invasion or spreading of tumor cells along nerve fascicles 
beyond the muscularis propria was defined as extramural PNI.12 
Histopathological pictures of intramural and extramural PNI are 
shown in Figures 4 and 5.

The primary outcomes of the study were 5-year disease-free 
survival (DFS) and overall survival (OS). Disease progression 
was defined as locoregional recurrence and/or newly emerged 
distant metastases. OS was the time interval from the date of 
surgical intervention to death for any reason. Data on long-term 
follow-up and survival were obtained from the TR Social Security 
Index. After evaluation of the final pathology report, the attending 
medical oncologist decided whether adjuvant chemotherapy was 
appropriate based on National Comprehensive Cancer Network 
(NCCN) guidelines and patient-related factors, such as performance 
status, comorbid diseases, and patient’s consent to therapy.13

Estimation of the impact of VI, LI, and PNI on OS and DFS was 
made by the Kaplan-Meier method using a log-rank test. The 
chi-square (X2) test was used to evaluate the association of these 
parameters with various categorical clinical and pathological 
variables. Based on the primary end points of the study, multivariate 
analyses were performed, including no invasion, IM invasion only, 
EM invasion only, and IM + EM invasion for VI, LI, and PNI, to 
identify independent factors associated with DFS and OS. Hazard 
ratios (HRs) with corresponding 95% confidence intervals (CIs) 
were estimated.

The risk of lymph node metastasis increases around 10% with a 
gradual increase in T level, which refers to the invasion of the main 
tumor. Considering these data, we presume that the presence of any 
risk factor we evaluated will increase from 0% to 10%. The sample 
size, n = 73, in each group was required on the basis of α error 
of 0.05 and a β of 80%. p < 0.05 was assumed to be statistically 
significant and was derived from two-tailed tests.

RESULTS

Baseline Characteristics

Six hundred twenty-six patients (359 men, 57.3%) were included. 
The mean age of the patients was 62.58 ± 12.72. The cohort included 
295 (47.1%) patients in stage II and 331 (52.9%) patients in stage 
III; 91.8% of patients in stage III and 37.3% in stage II received 
adjuvant chemotherapy. The histological and clinicopathological 
characteristics of the participants are outlined in Table 1.

VI was observed in 189 (30.1%) patients (43 [6.9%] patients 
with intramural only, 75 [11.9%] with extramural only, and 71 
[11.3%] with both intra/extramural invasion). LI was detected in 
349 (55.7%) patients (161 [25.7%] patients with intramural only, 
18 [2.9%] with extramural only, and 170 [27.2%] with both intra/
extramural invasion). PNI was detected in 242 (38.6%) patients (68 
[10.9%] patients with intramural only, 68 [10.9%] with extramural 
only, and 106 [16.9%] with both intra/extramural invasion).

Correlation of Invasion Patterns with Clinicopathologic 
Factors

There was no statistically significant association between gender 
and VI, LI, or PNI. The depth and rate of LI were not related with 
tumor-sidedness. However, less VI and PNI was observed among 
right-sided tumors compared with left-sided tumors (for VI, 24.7% 
vs. 33.9%, p = 0.007; for PNI, 34.5% vs. 41.5%, p = 0.034) (Table 2).

FIG. 3. Intramural lymphatic invasion . H&E x 43

FIG. 4. Intramural perineural invasion H&E x 15

FIG. 5. Extramural perineural invasion H&Ex26
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Stage III patients exhibited consistently higher rates of PNI, LI, 
and VI compared with stage II patients (for PNI, 51.4% vs. 24.4%, 
p < 0.001; for LI, 69.8% vs. 39.7%. p < 0.001; for VI, 36.9% 
vs. 22.7%, p < 0.001). The rate of VI and PNI was significantly 
decreased for patients with dMMR tumors (for VI, 13.5% vs. 33.5, 
p < 0.001; for PNI, 25% vs. 41.4%, p = 0.004), but LI rates were 
similar compared with pMMR tumors.

The rate of PNI and LI was decreased for low-grade tumors 
compared with high-grade tumors (for PNI, 37.1% vs. 48.3%, 
p = 0.031; for LI, 53.2% vs. 71.3%, p = 0.004), while VI rates were 
similar for both groups.

Survival Outcomes

Median follow-up time was 44.57 ± 19.62 (2-87) months. Ninety-
six patients (15%) had disease recurrence, and 89 (14.2%) died 
during the follow-up. Twenty-four (3.8%) patients had locoregional 
recurrence, and 72 (11.5%) had distant metastases. Among the 
stage II and III patients who had received adjuvant chemotherapy, 
the rates of local and distal recurrences were 20 (4.8%) and 58 
(14.1%), respectively.

The presence of venous, lymphatic, and PNI was strongly 
associated with poor DFS and OS (Table 3). The presence of 
“only” intramural VI, LI, and PNI and “no invasion” did not 
display statistically significant differences regarding estimated 
5-year DFS and OS rates (for VI 87.2 vs. 88.4%, p = 0.84; 88.3 
vs. 90.7%, p = 0.90; for LI 89.5 vs. 85.1%, p = 0.13; 89.5 vs. 
89.4%, p = 0.9; for PNI 89.1 vs. 80.9%, p = 0.26; 90.6 vs. 84.8%, 
p = 0.12, respectively). However, the presence of both intramural 
and extramural compartment invasion was associated with worst 
DFS and OS compared to no invasion (for VI 87.2 vs. 73.2%, p < 
0.001; 88.3 vs. 74.6%, p < 0.001; for LI 89.5 vs. 77.1%, p < 0.001; 
89.5 vs. 81.8% p = 0.001; for PNI 89.1 vs. 70.8%, p < 0.001; 90.6 
vs. 75.5%, p < 0.001, respectively).

Multivariate analyses revealed that the presence of both intramural 
and extramural invasion was independently associated with poor 
DFS and OS for venous (HR: 2.39; 95% CI, 1.42-4.03; p = 0.001; 
HR: 2.46; 95% CI, 2.46-4.14; p = 0.001), lymphatic (HR: 2.45; 95% 
CI, 1.51-3.97; p < 0.001; HR: 2.13; 95% CI, 1.32-3.43; p = 0.02) 
and PNI (HR: 2.99; 95% CI, 1.88-4.76; p < 0.001; HR: 2.68; 95% 
CI, 1.65-4.37; p < 0.001), respectively (Table 4). Detection of 
merely extramural venous and perineural compartment invasion 
without an intramural component demonstrated poor DFS but not 
OS (for VI, HR: 1.79; 95% CI, 1.02-3.12; p = 0.04; for PNI, HR: 
1.86; 95% CI, 1.001-3.473; p = 0.049).

DISCUSSION

This is the largest series evaluating the prognostic significance of 
the intramural constituent of VI, LI, and PNI simultaneously on 
clinical outcomes of stage II and III colon cancer patients. Our 
results revealed that, compared with no invasion, the presence of 
IMVI without an extramural component did not have any effect on 
DFS or OS. In our patient population, the rates of EMVI and IMVI 
were 23.3% and 6.8%, respectively, which was consistent with the 
study by Leijjsen et al.14 A meta-analysis evaluating the role of 
intramural invasion in colorectal cancer has reported the overall 
incidence of EMVI and IMVI as 24.3% and 12.5%, respectively.15 

Four of six articles in this meta-analysis that directly compared 
IMVI to EMVI did not show any significant differences in their 
prognostic impact. However, all these studies have included 
both rectum and colon cancer patients; thus, the results may be 
misleading due to distinct biological and molecular features of 
these cancers.

Vascular involvement is one of the most frequent routes of tumor 
propagation, mainly through venous and lymphatic vessels.16  Yet 
dissemination of tumor along nerves is a less accentuated mode. 

TABLE 1. Demographic and Histopathological Characteristics of Patients

n (%)

Gender Male 359 (57.3) 

Tumor location Right-sided 255 (40.7)

Left-sided 371 (59.3)

Stage 2 295 (47.1)

3 331 (52.9)

T stage T0/1/2 26 (4.2)

T3/4 600 (95.8)

N stage N0 295 (47.1)

N1 236 (37.8)

N2 95 (15.1)

Grade Low 539 (86.1)

High 87 (13.9)

Lymphatic invasion Absent 277 (44.2)

IMLI only 161 (25.7)

EMLI only 18 (2.9)

IMLI+EMLI 170 (27.2)

Vascular invasion Absent 437 (69.8)

IMVI only 43 (6.9)

EMVI only 75 (12.0)

IMVI+EMVI 71 (11.3)

Perineural invasion Absent 384 (61.3)

IMPNI only 68 (10.9)

EMPNI only 68 (10.9)

IMPNI + EMPNI 106 (16.9)

Mismatch repair pMMR 522 (83.4)

dMMR 104 (16.6)

Recurrence Absent 530 (84.7)

Present 96 (15.3)

Locoregional 24 (3.8)

Distant 72 (11.5)

Survival Alive
Dead

537 (85.8)
89 (14.2)

IMLI: intramural lymphatic invasion; EMLI: extramural lymphatic invasion; IMVI: 
intramural vascular invasion; EMVI: extramural vascular invasion; IMPNI: intramural 
perineural invasion; EMPNI: extramural perineural invasion; pMMR: proficient 
mismatch repair; dMMR: deficient mismatch repair
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However, there is substantial evidence regarding the unfavorable 
impact of PNI on survival outcomes of colorectal cancer.12,17,18 
Accordingly, PNI had been integrated as an additional prognostic 
tool in the 7th edition of the AJCC Cancer Staging Manual, and as 
a poor-risk factor in the NCCN guideline that should be considered 
for adjuvant chemotherapy decision.13,19 There is scarce data about 
the clinical significance of reporting the intramural and extramural 
component of PNI.20-22 The Japanese Society for Cancer of the 
Colon and Rectum had suggested a grading system for PNI based 
on the location of PNI within the bowel and categorized cases as 
Pn0 (no PNI), Pn1a (intramural PNI only), and Pn1b (extramural 
PNI) in a multi-institutional study involving 2,845 patients with 
colorectal cancer.12 The 5-year DFS rates were 88%, 70%, and 
48%, for the three different categories, respectively. In our study, 
outcomes were also poorer with increasing depth of invasion 
for PNI; the 5-year DFS was 89.1%, 85.3%, 80.9%, and 70.8% 
for no PNI, intramural PNI only, extramural PNI only, and both, 
respectively.

The clinical significance of detecting extramural invasion without 
an intramural component has not been previously discussed in 
detail. Various studies have subdivided the vascular invasion 
patterns into three classes: IMVI only, EMVI only, and both IMVI 
and EMVI.23-25 The overall rate of “EMVI only,” according to these 
studies, including heterogeneous patient populations, was 15.3%.15 
EMVI without IMVI may be considered as an unnoticed intramural 
component that could have been detected with a cautious re-
examination of pathological slides, an increase in the number of 
tissue blocks being analyzed, or with the aid of supplementary 
stains. However, “EMVI only” merits special attention rather than 
a misinterpretation since survival rates for this group have differed 
compared with the invasion of both intramural and extramural 
compartments in other studies, including the current analysis.14,25

Current guidelines regarding adjuvant systemic chemotherapy for 
node-positive patients are clear. However, the decision of adjuvant 
chemotherapy for MSS/pMMR stage II colon cancer is mainly 
dependent on the presence of high-risk features, such as T4 tumors, 
insufficient number of sampled lymph nodes, bowel obstruction 
or perforation, poor differentiation, and lymphovascular invasion. 
As outlined in our study, to identify the worst prognostic group 
mainly within stage II colon cancer, more explicit prognosticators 
rather than a general term of “lymphovascular invasion” are 
necessary.26,27 Currently, personalized approaches with genetic 
tests, such as circulating tumor DNA or prognostic classifiers like 
Oncotype Dx or Immunoscore, are incorporated in the decision-
making process for the adjuvant treatment of stage II colon 
cancer. However, such tests are still unavailable worldwide and 
cost effective to be applicable in routine daily practice, unlike 
histopathological analyses.28-31 CAP guidelines recommend 
disclosing lymphovascular invasion as a combined entity and only 
entail reporting intramural and an extramural compartment for 
venous invasion, despite the prerequisite for a more comprehensive 
reporting practice to detect poor prognostic factors.4 In accordance, 
the Royal College of Pathologists advises reporting the deepest 
level of venous invasion as extra or intramural (submucosal or 
muscular) separately, but similar attention is invalid for LI or PNI.6 
Our study is the first to elucidate the prognostic significance of 
intramural and extramural components for LI and PNI, likewise 
VI, within the same cohort.

Similar to VI, disease-free and OS rates for patients with an only 
intramural component of PNI and LI did not exhibit any difference 
compared with no invasion. Furthermore, the presence of both 
(intra and extramural) components of VI, LI, and PNI was an 
independent indicator of poorer outcomes.

TABLE 2. Relationship of Invasion Patterns with Clinicopathologic Factors

Female Right-sided Stage II Mucinous* Low grade dMMR

Lymphatic
invasion

No invasion (n = 277) 114 (41.2%) 124 (44.8%) 178 (63.3%) 98 (35.4%) 252 (90.9%) 50 (18.1%)

IM only (n = 161) 82 (50.9%) 58 (36.1%) 71 (44.1%) 47 (29.2%) 137 (85.1%) 24 (14.9%)

EM only (n = 18) 6 (33.3%) 4 (22.2%) 5 (27.8%) 8 (44.5%) 15 (83.3%) 4 (22.2%)

Both (n = 170) 65 (38.2%) 69 (40.6%) 41 (24.1%) 62 (36.4%) 135 (36.5%) 26 (15.3%)

p-value .080 .083 <.001 .378 .004 .759

Vascular 
invasion

No invasion (n = 437) 193 (44.2%) 192 (43.9%) 228 (52.2%) 168 (38.4%) 374 (85.6%) 90 (20.6%)

IM only (n = 43) 20 (46.5%) 18 (41.9%) 22 (51.2%) 12 (27.9%) 38 (88.4%) 6 (13.9%)

EM only (n = 75) 26 (34.7%) 17 (22.7%) 22 (29.3%) 17 (22.7%) 68 (90.7%) 6 (8%)

Both (n = 71) 28 (39.4%) 28 (39.4%) 23 (32.4%) 18 (25.4%) 59 (83.1%) 2 (2.8%)

p-value .404 .007 <.001 .011 .419 .001

Perineural
invasion

No invasion (n = 384) 169 (44.0%) 167 (43.5%) 223 (58.1%) 137 (35.7%) 339 (88.3%) 78 (20.3%)

IM only (n = 68) 27 (39.7%) 30 (44.1%) 30 (44.1%) 19 (27.9%) 52 (76.5%) 12 (17.6%)

EM only (n = 68) 27 (39.7%) 17 (25%) 15 (22.1%) 20 (29.4%) 59 (86.8%) 6 (8.8%)

Both (n = 106) 44 (41.5%) 41 (38.7%) 27 (25.5%) 39 (36.8%) 89 (83.9%) 8 (7.5%)

p-value .843 .034 <.001 .466 .031 .004
IM: intramural; EM: extramural; dMMR: deficient mismatch repair.
*Tumor tissue with mucinous component.
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TABLE 3. Invasion Specific Survival Outcomes 

Disease-free survival Overall survival
n/event 5 yr   p n/event 5 yr p

Lymphatic Absent 29/277 89.5% .002 32/277 89.5% .003
IMLI only 24/161 85.1% 17/161 89.4%
EMLI only 4/14 77.8% 4/14 77.8%

EMLI+IMLI 39/170 77.1% 36/170 81.8%
Absent 29/277 89.5% .133 32/277 89.5% .917

IMLI only 24/161 85.1% 17/161 89.4%
Absent 29/277 89.5% .081 32/277 89.5% .118

EMLI only 4/14 77.8% 4/14 77.8%
Absent 29/277 89.5% <.001 32/277 89.5% .001

EMLI+IMLI 39/170 77.1% 36/170 81.8%
IMLI only 24/161 85.1% .370 17/161 89.4% .098
EMLI only 4/14 77.8% 4/14 77.8%
IMLI only 24/161 85.1% .061 17/161 89.4% .005

EMLI+IMLI 39/170 77.1% 36/170 81.8%
EMLI only 4/14 77.8% .992 4/14 77.8% .995

EMLI+IMLI 39/170 77.1% 36/170 81.8%
Vascular Absent 56/437 87.2% .003 56/437 88.3% .005

IMVI only 4/43 88.4% 5/43 90.7%
EMVI only 16/75 78.7% 9/75 89.3%

IMVI+EMVI 19/71 73.2% 19/71 74.6%
Absent 56/437 87.2% .844 56/437 88.3% .904

IMVI only 4/43 88.4% 5/43 90.7%
Absent 56/437 87.2% .036 56/437 88.3% .788

EMVI only 16/75 78.7% 9/75 89.3%
Absent 56/437 87.2% .001 56/437 88.3% <.001

IMVI+EMVI 19/71 73.2% 19/71 74.6%
IMVI only 4/43 88.4% .146 5/43 90.7% .790
EMVI only 16/75 78.7% 9/75 89.3%
IMVI only 4/43 88.4% .034 5/43 90.7% .045

IMVI+EMVI 19/71 73.2% 19/71 74.6%
EMVI only 16/75 78.7% .323 9/75 89.3% .034

IMVI+EMVI 19/71 73.2% 19/71 74.6%

Perineural Absent 42/384 89.1% <.001 41/384 90.6% .001
IMPNI only 10/68 85.3% 11/68 86.8%
EMPNI only 13/68 80.9% 10/68 83.8%

IMPNI+EMPNI 31/106 70.8% 27/106 75.5%
Absent 42/384 89.1% .262 41/384 90.6% .123

IMPNI only 10/68 85.3% 11/68 86.8%
Absent 42/384 89.1% .044 41/384 90.6% .215

EMPNI only 13/68 80.9% 10/68 83.8%
Absent 42/384 89.1% <.001 41/384 90.6% <.001

IMPNI+EMPNI 31/106 70.8% 27/106 75.5%
IMPNI only 10/68 85.3% .566 11/68 86.8% .823
EMPNI only 13/68 80.9% 10/68 83.8%
IMPNI only 10/68 85.3% .040 11/68 86.8% .208

IMPNI+EMPNI 31/106 70.8% 27/106 75.5%
EMPNI only 13/68 80.9% .153 10/68 83.8% .142

IMPNI+EMPNI 31/106 70.8% 27/106 75.5%
IMLI: intramural lymphatic invasion; EMLI: extramural lymphatic invasion; IMVI: intramural vascular invasion; EMVI: extramural vascular invasion; IMPNI: intramural perineural 
invasion; EMPNI: extramural perineural invasion.
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There are several limitations to our study. Due to the relatively 
small number of patients and events for stage II disease, it was 
impossible to evaluate the prognostic effect and predictive value of 
the invasion patterns for adjuvant chemotherapy benefit specifically 
among this patient group. Detailed information regarding adjuvant 
chemotherapy was not available in some stage III patients.

The presence of intramural invasion only may not be considered 
as a high-risk factor for systemic recurrence. Our data strongly 
advocate the importance of consistently reporting intramural and 
extramural components of VI, LI, and PNI, which are not within 
the minimum essentials of current pathology guidelines.
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