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G Z 22 (Abstract)

Background: Unlike in advanced colorectal cancer stages like stage III, adjuvant chemotherapy
application in T3NO colorectal cancer is consistently on debates. Lymphovascular invasion (LVI),
known as a major prognostic factor in colorectal cancer, is also as one of the high-risk features that
guide adjuvant chemotherapy. This study aimed to evaluate the prognostic importance and reliability of
LVI as an adjuvant chemotherapy indicator in patients with T3NO colorectal cancer and analyze the
impact of adjuvant chemotherapy on oncologic outcomes in these patients. Material and Methods: We
included 1634 patients with pathologically proven T3NO colorectal cancer who underwent curative
radical resection at Asan Medical Center, Seoul, Korea between January 2012 and December 2016. For
review cohort of 242 patients, pathologic slide review including dual immunohistochemistry with D2-
40 and CD 31 to identify lymphatic and vascular invasion, was performed. Changes on the reviewed
LVI status after dual immunohistochemical stain (rLVI) were evaluated. The rLVI included small blood
and lymphatic vessel invasion and large vessel invasion. Revised LVI (ReLVI) excluded large vessel
invasion after rLVI was distributed. The association between high-risk features including perineural
invasion, preoperative obstruction, resection margin involvement, and redistributed LVI that indicated
adjuvant chemotherapy, as well as adjuvant chemotherapy with recurrence free survival (RFS) and
overall survival (OS) for the overall and review cohort were analyzed. Results: In the overall cohort,
772 patients received adjuvant chemotherapy. Among chemotherapy group, 179 patients (23.2%) had
LVI as the only high-risk feature. LVI and perineural invasion (PNI) were found in 384 (23.5%) and
272 patients (16.5%), respectively, in the overall cohort. The 5-year RFS was 92% and 5-year OS was
91.4%. High-risk features such as preoperative obstruction, PNI, and positive margins were
significantly associated with RFS and OS. Adjuvant chemotherapy and LVI were not associated with
RFS (p=0.593) or OS (p=0.218). In the review cohort, the diagnosis of LVI was changed in 82 (33.2%)
and that of PNI was changed in 25.2% of the patients. LVI and large vessel invasion were not associated

with RFS and OS. The rLVI only showed relationship with RFS in the univariate study while reLVI
4



which excludes large vessel invasion did not. Conclusions: In this cohort of patients with T3NO
colorectal cancer, the prognostic importance of LVI is not defined and may cause diagnostic inaccuracy
and low recurrence rate prediction. There might be a need to reconsider LVI as a guiding sign for
adjuvant chemotherapy and consensus on detailed definition.

Key Words: colorectal cancer, lymphovascular invasion, adjuvant chemotherapy, recurrence, survival.
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Introduction

The colorectal cancer, which gained the third place in incidence and second in mortality
worldwide in 2020 [1], has set guidelines for treatment and surveillance accumulated over a long period
of time and experience. Some portions of the colorectal cancer treatment have concrete consensus, but
some other factors have been on controversy. The benefits of adjuvant chemotherapy after resection in
stage III colorectal cancer have been well recognized [2-4]. However, whether adjuvant chemotherapy
is beneficial or not in the lymph node-negative cancer, particularly pathologic T3NO cancer, is still
debatable [5-8]. Although the chemotherapy has been proven to affect tumor recurrence and survival
[9], adjuvant chemotherapy in pT3NO colorectal cancer does not have enough beneficial evidence to
overcome the complications of chemotherapy [10-14].

To make a decision of indicating adjuvant chemotherapy to patients with pT3NO colorectal
cancer, we usually adapt high-risk features for prognosis. These high-risk features include:
preoperative obstruction, perineural invasion (PNI), lymphovascular invasion (LVI), <12 lymph nodes
retrieved, poor differentiation, and resection margin involvement. If a patient clinically or
pathologically has the high-risk features, it is believed that the features implement worse prognosis such
as more recurrence and greater mortality, encouraging adjuvant chemotherapy application to ameliorate
the recurrence and mortality risks.

Among abovementioned high-risk features, LVI and PNI are the well-known prognostic
factors for oncologic outcomes [15-18]. However, diagnosis of LVI and PNI depends on observer and
frequently has been the hot spot for debates. Traditional Hematoxylin and Eosin (H&E) staining has
been routinely used to identify LVI, which has been denoted as vascular invasion regardless of the types
of vessels involved, either lymphatic vessel or blood vessels. However, additional staining methods
including elastic tissue staining and podoplanin, and other immunohistochemical (IHC) staining have
been developed to distinguish between lymphatics and blood vessels, resulting in changes in diagnosis
[19-21]. This change in diagnosis methods led to interobserver variability that has resulted in diversion

of diagnosis in over 20% of cases [22].



Although CAP(College of American Pathologists) established definition of LVI to reduce
vagueness, diagnosis of LVI is still a challenge for pathologists [23]. The guideline identified small
vessel invasion including lymphatic and blood vessel invasion without muscle layer as LVI, distinct
from large vessel invasion and insisted separate reports for them. The pathologic report of LVI definition
in Asan medical center (AMC), Seoul, South Korea has been following the CAP guideline since 2017.
However, LVI usually encompassed the large vessel invasion and other small vessel invasion including
lymphatic vessel invasion altogether, not specifically separating them before 2017.

Whether before or after 2016, physicians have applied the adjuvant chemotherapy to the
pT3NO patients with high-risk features described above, including LVI, PNI, positive margin, etc. on
the pathologic reports. Because LVI report system changed, we wanted to know if LVI before 2017 and
revised LVI can show differences and importance in prognosis in the pT3NO patients. Also, by thorough
intensive slide review including dual immunohistochemistry staining, we tried to check the variability
of the pathologic high-risk features such as LVI and PNI, to verify the utility of them as an adjuvant

chemotherapy indicator.

Materials and methods

Patients and treatment, surveillance

Due to change in report system from 2017 in AMC, we collected the data of colorectal cancer
patients from January 2012 to December 2016 who underwent curative surgical resection in AMC,
Seoul, South Korea in retrospective manner. It is approved by institutional review board and waived
informed consent (IRB No. 2017-0955). They followed routine preoperative stage assessment including
CT, endoscopy, and serum CEA values before resection, and additional metastasis work up including
chest CT and Positron Emission Tomography (PET) CT if needed. 8786 patients were included for
primary colorectal adenocarcinoma, first. Stage IV patients (n=1479), local excision (n=272), and
inaccurate staging patients (n=18) were excluded. Out of 7017 patients after the exclusion, 1409 patients

were excluded due to concurrent other malignancy (n=208), synchronous or metachronous colorectal

10



cancer (n=169), patients who received preoperative chemotherapy (n=996), and Familial adenomatous
polyposis (FAP) and Lynch syndrome (n=36). From the 5608 patients of stage I-III colorectal cancer,
through pathologic reports, after exclusion of extended resection (n=77), pathologic T4 (n=249) and
T1-2(n=1839), and patients with metastatic LNs (n=1809), total of 1634 pathologically confirmed T3NO

patients were included finally (Figure 1).

Primary colorectal adenocarcinoma

(n=8786)
Local excision (n=272 —
( ) Inaccurate staging (n=18)
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received curative resection (n=7017)
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CRC stage I-II
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——» Extended resection (n=77)
pT4(n=249) D

pT1-2 (n=1839) —» Metastatic lymph node
(n=1809)
CRC pT3NO
(n=1634)

Figure 1. Inclusion and Exclusion criteria for the overall cohort

We collected clinical characteristics of them including age, sex, preoperative obstruction,
medical co-morbidity, and preoperative CEA values, and pathologic information such as LVI, PNI, the
number of lymph nodes harvested, MSI (Microsatellite Instability), and margin involvement.

Adjuvant chemotherapy was recommended for pT3NO colorectal cancer patients with one of
the following high-risk features; presence of preoperative obstruction which contains both endoscopic

obstruction and clinically total obstruction, inadequate LNs examination less than 12, presence of LVI,
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PNI, poorly histologic differentiation, and resection margin involvement by tumor. The microsatellite
instability (MSI) status of the tumor was evaluated.

The adjuvant chemotherapy regimen included oral 5-FU(Fluorouracil)/Leucovorin
(425mg/m?/20mg/m> per dose for 5 days), FOLFOX (5-FU/Leucovorin/Oxaliplatin
2800mg/m?*/400mg/m?/85mg/m?* per dose), oral Capecitabine (1250mg/ m? twice a day for maximum
14 days), and XELOX(Capecitabin/Oxaliplatin 1000mg/ m? twice a day for maximum 14 days/ 130mg/

m? on day 1).

Surveillance

Patients underwent a standardized postoperative follow-up, including physical examination,
serum CEA, laboratory test with complete blood cell count, liver function test, and/or chest radiographs
every 6 months during 5 years after surgery. Patients also underwent abdomino-pelvic CT scanning
every 6 months. Colonoscopy was performed within 1 year after the operation, then once every 2 or 3
years. If patients had preoperative obstruction, colonoscopy was performed within 6 months after
operation.

Recurrence was diagnosed based on imaging modality and confirmed pathologically by biopsy
if possible. When pathologic confirmation was not possible, diagnosis of recurrence was made
combining more than 2 imaging modality report or serial change on same imaging method. Local
recurrence was defined as the presence of a suspicious lesion around the primary tumor operative field
(the site of anastomosis, the bed of the primary resection, etc.). Distant metastasis was defined as
recurrence at the place other than local recurrence, for instance, lung or liver. The RFS was defined as

the interval between the date of resection of the primary tumor and the date of diagnosis of recurrence.

Pathologic examination

The original pathologic reports followed routine diagnosis protocol, using H&E staining that
included including PNI, LVI, MSI-status, the number of retrieved lymph nodes, and resection margin
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status. These pathologic reports declared the LVI disregarding lymphatic or small vessel invasion and
large vessel invasion. Original H&E stain could identify LVI and Large vessel invasion (LaVI) in some
range by identifying specific features such as protruding tongue sign or Orphan arteriole sign (Figure

2).

2-a 2-b

Figure 2. Original H&E staining slides for lymphovascular invasion; 2-a. LVI feature- tumor cell clusters
floating in clearly delineated microvascular space(arrow); 2-b. LaVI feature- Protruding tongue sign and Orphan
arteriole sign(arrow)

For MSI- status, the cases were evaluated by the microsatellite markers (BAT 25, BAT 26,
D178250, D2S123, and D5S346) and distributed to three groups. First, MSI-H group is a high-
frequency group which have more than 2 unstable markers and MSI-L group stands for low frequency
group with 1 unstable marker. Finally, Microsatellite stability (MSS) means no unstable markers [24].
The resection margin involvement, especially circumferential resection margin, was judged by gross
abutment and invasion within 1 mm microscopically.

From the overall cohort, we identified patients receiving surgical resection during 2014 as the
“review cohort”. This review cohort underwent a detailed pathologic review that included PNI and its
location, mucin, tumor grade, budding, resection margin status, and LVI. PNI which checked with
dedicated review was defined as reviewed PNI (rPNI). If reviewed diagnosis was equivocal, in addition
to routine H&E staining, dual staining (D2-40 and CD31) was performed for the differential diagnosis

of lymphatic vs. small blood vessel invasion (Figure 3).
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Figure 3. Comparison between original H&E stain and dual immunohistochemistry staining. 3-a&b.
Lymphatic invasion showing few true LI (arrow) after dual IHC; 3-c&d. Small vessel invasion that could only be
identified by IHC CD31 (arrow)

D2-40 was used to detect lymphatic invasion, while CD31, an endothelial cell marker, was
used to detect vascular invasion [25]. LVI was then described according to CAP’s guidelines, and was
separately defined as lymphatic invasion, small vessel invasion, or large vessel invasion. The reviewed
LVI (rLVI) included all the lymphatic invasion, small blood vessel invasion, and large vessel invasion.

The small vessel invasion was defined as a tumor deposit in or over the thin-walled lumen such as
14



lymphatics or capillaries, and the large vessel invasion was a tumor invasion in or beyond the
endothelium structure with smooth muscle layer. The location of invasion was also evaluated as
intramural, extramural, intra-tumoral, and peritumoral. In the review cohort, LVI was divided into large
vessel invasion and revised LVI (reLVI, small blood vessel invasion or lymphatic invasion). Two

pathologists reviewed the slides until a consensus was reached.

Statistical analysis

The primary endpoint was recurrence after the resection. RFS was the interval between the
operation date and the diagnosis date of relapse including both local recurrence and distant recurrence.
Also, OS was drawn from the period between the surgery and the date of any cause of death.

For continuous variables, the mean value with standard deviation (SD) was calculated and
compared by the Student’s t-test. Patients were categorized into 2 groups as adjuvant chemotherapy
and no adjuvant chemotherapy groups to evaluate association of risk factors with RFS and OS
according to receipt of adjuvant chemotherapy. In comparison between chemotherapy and no
chemotherapy group, independent-samples Student’s t-test was used in continuous variables, and Chi-
square test or Fishers’ exact test was used for categorical ones. To evaluate the degree of discrepancy
in LVI and PNI between results obtained before (original report) and after (review report) the slide
reviews with dual IHC, we used Chi-square test. The association between the clinicopathological risk
factors and recurrence was evaluated using a logistic regression test. Furthermore, risk factors
according to recurrence types such as lymph nodes, peritoneal seeding, or distant metastasis were also
analyzed.

Survival curves of OS and RFS were plotted using the Kaplan-Meier method and compared
using the log-rank test. To assess the prognostic impact of the risk factors on RFS and OS, univariate
Cox regression test was performed first for each risk factor. Among those factors, if the p-value was
less than 0.1 in the univariate test, the relevant factors were included in multivariate Cox-regression

test, in order. These tests described above were performed equally in the overall cohort and the review
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cohort. The results were considered statistically significant if the p-value was less than 0.05. Data

analysis was drawn with SPSS software (version 18.0; IBM Statistics, Armonk, NY, USA)

Results

Clinicopathological characteristics of patients with pT3NO0 colorectal cancer

The clinicopathological features of the overall and review cohort are showed in Table 1. Colon
cancer (1166, 71.4%) was more than rectal cancer. For colon cancer, right hemicolectomy was done the
most as it sums up to 543 cases, followed by 445 anterior resection cases, 107 left hemicolectomy
operations, 65 for lower anterior resection, and 4 for Hartmann’s operation. Among 468(28.6%) patients
with rectal cancer, 459 received sphincter-saving operations such as anterior resection, lower anterior
resection, ultra-low anterior resection, and Hartmann’s operation (44, 341, 67, and 5 cases, respectively).

Table 1 Clinicopathologic features of the patients

The overall cohort (n=1634) The review cohort (n=242)

Age average(range) 63(24~94) 62(25~90)
Sex

Male 971 (59.4%) 136(56.2%)

Female 663 (40.6%) 106 (43.9%)
Location

Colon 1166 (71.4%) 172 (71.1%)

Rectum 468 (28.6%) 70 (28.9%)
LNs acquired average(range) 27(4~86) 28(8~79)
LNs acquired <12 17 (1.0%) 5(2.1%)
LVI 384 (23.5%) 57 (23.6%)
PNI 272 (16.6%) 32 (13.2%)
Differentiation

WD 141 (8.6%) 25 (10.3%)
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MD

PD
MUC/SRC
Unknown

Preoperative obstruction
Positive margin

MSI status
MSS
MSI-L
MSI-H
Unknown

Adjuvant chemotherapy
Yes
No
Unknown

1379 (84.4%)
50 (3.1%)
3 (0.2%)
61 (3.7%)

437 (26.7%)

22 (1.3%)

1292 (79.1%)
62 (3.8%)
169 (10.3%)
111 (6.8%)

772 (47.2%)
853 (52.2%)
9 (0.6%)

199 (82.2%)
6 (2.5%)
1 (0.4%)
11 (4.5%)

82 (33.9%)

6 (2.5%)

199 (82.2%)
0 (0%)
27 (11.2%)
16 (6.6%)

127 (52.5%)
111 (45.9%)
4 (1.7%)

LNs, Lymph nodes ; LVI, lymphovascular invasion’ PNI, perineural invasion’ WD, well differentiated; MD,
Moderately differentiated; PD, Poorly differentiated; MUC/SRC, Mucinous or signet ring cell tumor: MSI,
Microsatellite instability; MSS, Microsatellite stable; MSI-L, MSI-Low frequency; MSI-H, MSI-High
frequency

In overall cohort, the mean age was 63 £ 12 (SD, 24 - 94) years old. 971 patients (59.4%) were
males. LVI and PNI were observed in 384 (23.5%) and 272 (16.6%) patients, respectively. The average
number of examined LNs found with standard deviation was 27 £+ 11 (4 - 86). 17 cases were reported
with the LNs acquired less than 12. For tumor differentiation, moderate differentiation was the most
common differentiation grade (n=1379, 84.4%), and poorly differentiated tumor was found in 50 cases.
Among the 437 (26.7%) patients with preoperative obstruction found, 351 had endoscopic and 86
showed complete symptomatic obstruction. Total of 22 (1.3%) had a resection margin involvement, in
which circumferential margin involvement was observed in 11 patients.

For the review cohort, 242 patients who received surgical resection in 2014 were included.
There was no significant difference on average age, sex ratio, tumor location with the overall cohort
and other risk factors except preoperative obstruction between overall and review cohort. In the review
cohorts, they had higher rates of preoperative obstruction (26.7% vs. 33.9%, p=0.028) without specific

reasons documented.
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772 patients (47.2%) received adjuvant chemotherapy. The chemotherapy regimens varied;

279 of 5-FU/Leucovorin, 196 of FOLFOX, 150 of capecitabine, 22 UFT-E/Leucovorin, and others. 527

patients (68.3%) of them had at least 1 risk factor (Table 2) and 351 (45.5%) patients took chemotherapy

when they had only one risk factor. 280 people (36.3%) in the chemotherapy group had LVI, while

preoperative obstruction was found in 236 patients (30.6%). Adjuvant chemotherapy was applied in 179

patients when they had the LVI as a single risk factor. PNI was observed in 176 patients in the adjuvant

chemotherapy group.

Table 2. Clinicopathological features of the patients according to adjuvant chemotherapy

Adjuvant  chemotherapy No adjuvant chemotherapy P-value
(n=772) (n=853)
Age average(range) 59(27~86) 67(24~94) <0.001
Sex 0.311
Male 468(60.6%) 496(58.1%)
Female 304(39.4%) 357(41.9%)
Location <0.001
Colon 492(63.7%) 669(78.4%)
Rectum 280(36.3%) 184(21.6%)
LNs acquired 0.155
28(4~83) 27(6~86)
average(range)
LNs acquired <12 6 (0.8%) 11 (1.3%) 0.311
LVI 280(36.3%) 104(12.2%) <0.001
PNI 176(22.8%) 95(11.1%) <0.001
Differentiation 0.116
PD 29(3.8%) 20(2.3%)
MSI-H 73(9.5%) 95(11.1%) 0.218
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Preoperative 236(30.6%) 199(23.3%) 0.001

obstruction

Positive margin 12(1.6%) 10(1.2%) 0.506
CRM involve 7(0.9%) 4(0.5%)

No. of risk factor <0.001

No risk 245 (31.7%) 528(61.9%)
Single 351 (45.5%) 238(27.9%)
More than 2 176 (22.8%) 87(10.2%)

LNs, Lymph nodes ; LVI, lymphovascular invasion’ PNI, perineural invasion; PD, Poorly
differentiated; MSI, Microsatellite instability; MSI-H, MSI-High frequency; CRM, Circumferential
resection margin
Compared to the chemotherapy group, no chemotherapy group patients were significantly older (mean
age, 59 vs. 67, p<0.001), and consisted of more colon cancer than rectal cancer. LVI and PNI were
markedly less in no chemotherapy group. 325 patients (38.1%) had more than 1 risk factors in the no

adjuvant chemotherapy group, and this was significantly lower than 527 cases (68.3%) of the adjuvant

chemotherapy group (p<0.001).

Results of review including dual IHC of review cohort

In the review cohort, total of 109 patients had large, small blood vessel, or lymphatic invasion,
which we defined as rLVI. 82 patients (33.9%) were converted diagnosis of LVI after reviewing. 15
patients who were diagnosed to have LVI had no invasion after the review, and 67 patients out of 185
patients who initially did not have LVI were found to have it (Table 3).

Table 3. Lymphovascular invasion report change after review

LVI before review, n (%)
Total n(%)

LVI- LVI+
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rLVI LVI— 118(48.8) 15(6.2) 133(55.0)

(SVI+LVI+LaVI)
after review (%)  LVI+ 67(27.7) 42(17.4) 109(45.0)
Total n(%) 185(76.4) 57(23.6) 242(100)

LVI, lymphovascular invasion; SVI, Small vessel invasion; LI, Lymphatic invasion; LaVI, Large

vessel invasion; rLVI, LVI after review

Location of small or lymphatic invasion, and large vessel invasion were evaluated. 75 patients with
small or lymphatic vessel invasion, comprised of 59 intramural invasion (25 intratumoral and 34
peritumoral invasion) and 16 extramural invasions (2 intratumoral and 14 peritumoral invasion) (Figure
3-a). The large vessel invasion was observed in 47 patients, in which, there were 13 patients for
intramural invasion (3 intratumoral and 11 peritumoral invasion), 31 for extramural (2 intratumoral and
29 peritumoral invasion), and 2 for distant invasion (Figure 3-b). Using D2-40 staining, 74 patients
were identified as lymphatic invasion, distinct from blood vessel invasion among the rLVI group. In
those with lymphatic invasions, 57 cases were intramural invasion and 17 were extramural invasion.

PNI status was also changed via meticulous review of slide (Table 4). 61 out of 242 (25.2%)
patients met different diagnosis. The review made more detection of PNI up to 56 patients from 210
initially PNI-negative patients.

Table 4. Perineural invasion report change after review

PNI before review, n (%)

Total n(%)
PNI- PNI+
PNI — after review 154(63.6) 5(2.1) 159(65.7)
PNI_change n(%)
PNI + after review 56(23.1) 27(11.2) 83(34.3)
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Total n(%) 210(86.8) 32(13.2) 240(100)

PNI, perineural invasion

a. Small Vessel Invasion

Extramural,
peritumoral
Extramural, 19%
intratumoral Intramural,
3% Intratumoral
REVZ)
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peritumoral
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= Extramural, intratumoral = Extramural, peritumoral
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b. Large Vessel Invasion

Distant
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Intramural,
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62%

® [ntramural, Intratumoral = Intramural, peritumoral
= Extramural, intratumoral = Extramural, peritumoral

Distant

Figure 4. Small and Large vessel invasion locations

Recurrence and associated factors

In the overall cohort, 116 patients (7.1%) experienced the recurrence. The most common
recurrence site was the lung (n=43, 37.1%), followed by liver (n=39, 33.6%), peritoneal seeding (n=16,
13.8%), and lymph nodes (n=11, 9.5%); local recurrence was also seen (n=10, 8.6%). Age, preoperative
obstruction, PNI, and positive margin were associated with recurrence in the univariate analysis (all
p<0.05). In the multivariate analysis, preoperative obstruction (HR, 1.575; 95% CI, 1.051-2.359), PNI
(HR, 2.693; 95% CI 1.753-4.139), and positive margin (HR, 3.979; 95% CI, 1.381-11.468) were
confirmed as risk factors for recurrence (all p<0.05). Adjuvant chemotherapy was not associated with
recurrence (Table 5, HR 0.972, p=0.824). In the review cohort, we evaluated whether discrepancies
between the rLVI and rPNI diagnosis were risk factors for recurrences and found no statistically
significant results in multivariate analysis (eTablel).

-

Risk factors associated with recurrence were analyzed according to location of recurrence. For
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LN recurrence and liver metastasis, there was no significant risk factor in the multivariate study.
Preoperative obstruction was associated with peritoneal seeding (multivariate analysis, HR 2.856; 95%
CI, 1.063-7.675, p=0.038). For lung metastasis, obstruction and PNI were associated factors (HR 2.038.
95% CI, 1.095-3.792, p=0.025 for the obstruction and HR 3.477, 95% CI, 1.855-6.518, p<0.01 for PNI).
Local recurrence was related with only <12 LNs harvest in univariate study (HR 10.736, 95% CI, 1.284-

89.792, p=0.028) but it was not confirmed in multivariate analysis.

RFS, OS, and risk factors according to the indication of adjuvant chemotherapy
The 5-year RFS and the OS rate were 92% in the overall cohort and 91.4%, respectively.

Adjuvant chemotherapy administration was not associated with RFS (Figure 5).
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Table 5. Risk factors associated with recurrence in the overall cohort with pT3NO0 colorectal cancer

Univariate analysis Multivariate analysis
Variables No. (%) HR P-value HR 95% CI P-value
Age 1.017 0.044 1.015 0.998-1.032 0.077
Adj. CTx. 772(47.2) 0.972 0.824
LNs<12 17(1.0) 0.783 0.813
Preoperative 437(26.7) 1.648 0.014 1.575 1.051-2.359 0.028
Obstruction
PD 50(3.1) 0.996 0.945
LVI 384(23.5) 1.452 0.078 1.177 0.759-1.825 0.466
PNI 272(16.6) 2.861 <0.001 2.693 1.753-4.139 <0.001
Positive margin 22(1.3) 4.054 0.007 3.979 1.381-11.468 0.011

Adj. CTx., Adjuvant chemotherapy; LVI, lymphovascular invasion; PNI, perineural invasion; PD, Poorly differentiated; HR, Hazard ratio; CI, confidence
interval
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Figure 5. Recurrence free survival according to adjuvant chemotherapy

RFS was compared according to receipt of adjuvant chemotherapy in patients with each “high-
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risk features” (Figure 6-9). Adjuvant chemotherapy was not associated with RFS in patients categorized
by high-risk feature.
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Figure 6. Recurrence free survival according to adjuvant chemotherapy appliance in lymphovascular
invasion positive patients
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Figure 7. Recurrence free survival according to adjuvant chemotherapy appliance in Perineural invasion
positive patients
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Figure 8. Recurrence free survival according to adjuvant chemotherapy appliance in Preoperative
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Figure 9. Recurrence free survival according to adjuvant chemotherapy appliance in positive resection
margin patients

Adjuvant chemotherapy group expressed better OS curve with statistical significance (p<0.001,

Figure 10)

29



10-a. Overall cohort

089

089

0.4+

Overall survival

0.0

p<0.001

0 12 24

10-b. review cohort

084

067

Overall survival

0249

0.0

k_l—n

p=0.755

24

60

36 48
Month
T I
36 48
Month

60

72

= ho_adiCTx
T AICTx

= IMo_adiCTx

1 AdiCTx

Figure 10. Overall survival according to adjuvant chemotherapy

30



Risk factors associated with recurrence free survival and overall survival

Among the high-risk features, preoperative obstruction, PNI, and positive margin status were
statistically significant risk factors of RFS in univariate analysis (all p<0.05). Preoperative obstruction,
PNI, and margin involvement were confirmed as associated factors with RFS in multivariate analysis
(HR 1.602, CI 1.096-2.343; 2.737, 1.827-4.099; and 5.399, 2.176-13.399, respectively, all p<0.05).
Adjuvant chemotherapy was confirmed that it did not improve RFS in the overall cohort (p=0.593,
Table 6). When the number of risk factors were categorized, although single risk factor did not have
significance, having more than 2 risk factors showed hazard ratio of 3.306 (p<0.001) in univariate study.

In the review cohort. 12 patients (5.0%) experienced recurrence. Reviewed LVI, encompassing
small vessel invasion (SVI), lymphatic invasion (LI), and large vessel invasion (LaVI), was only
associated factor with RFS (p=0.043) while revised LVI, including only LI and SVI, did not have
statistical meaning with RFS (p=0.149) and LaVI did not show significance neither (p=0.203).

The rPNI diagnosed after the slide review and locations of each invasion factors were studied,
and none of the factors showed differences in RFS. Following the location of invasion, the extents of
the invasion were analyzed with RFS. Extramural small vessel invasion, intramural lymphatic invasion,
and extramural PNI were related with poorer RFS in the univariate study (HR 10.186, 5.262, and 7.626,
respectively) but none of them kept the significance in the multivariate study.

Risk factors associated with OS were also tested. Adjuvant chemotherapy administration
improved the overall survival in the univariate study (p<0.01), but not in multivariate study in the
overall cohort (p=0.218, Table §). The number of LNs examined < 12, preoperative obstruction, PD
feature, PNI, and positive margin status were related to the poorer OS in the univariate study (p<0.05).
In the multivariate study, preoperative obstruction, PD grade, PNI, and margin involvement were still
associated with worse OS (HR 1.580; CI 1.133-2.203, 1.099; 1.027-1.176, 2.136; 1.499-3.043, and 3.1;
1.139-8.439, p=0.007, 0.006, <0.001, and 0.027, respectively). LVI did not show association with OS
(p=0.341). Adjuvant chemotherapy application on the patients with high risks described above had

beneficial effect on OS (p<0.001)

31



For the review cohort. the 5-year OS rate was 93% (death=17). Preoperative obstruction was
the risk factor related with worse OS rate in both univariate and multivariate study (Table 9). PD feature
and margin invasion did not have significance for OS. After the review, rPNI showed association with
OS in the univariate study (p=0.022), but it did not reach the statistical significance in the multivariate
study (p=0.051, CI 0.994-6.694). reLVI and LaVI were not associated with OS in the review cohort

(p=0.200 and 0.752, respectively).
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Table 6. Factors associated with recurrence-free survival in the overall cohorts (n=1634)

Univariate analysis Multivariate analysis
Variables No.(%) HR P-value HR 95% CI P-value
Age 1.026 0.003 1.023 1.007-1.041 0.006
Adj. CTx. 772(47.2) 0.932 0.593
LNs<12 17(1.0) 0.860 0.990
Preoperativeobstruction 437(26.7) 1.666 0.008 1.602 1.096-2.343 0.015
PD 50(3.1) 0.999 0.987
LVI 384(23.5) 1.449 0.067 1.157 0.762-1.756 0.494
PNI 272(16.6) 2.380 <0.001 2.737 1.827-4.099 <0.001
Positive margin 22(1.3) 4.705 0.001 5.399 2.176-13.399 <0.001

Adj. CTx., Adjuvant chemotherapy; LVI, lymphovascular invasion’ PNI, perineural invasion; PD, Poorly differentiated; HR, Hazard ratio; CI, confidence
interval
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Table 7. Factors associated with recurrence-free survival in the review cohorts (n=242)

Recurrence
Univariate analysis Multivariate analysis
Variables No.(%) HR P-value HR 95% CI P-value
Age 1.017 0.503
Adj. CTx. 127(52.5) 1.052 0.814
LNs<12 5(2.1) 0.048 0.759
ﬁlr):frpuecrgz‘xe 82(33.9) 1.519 0.477
PD 6(2.5) 0.668 0.635
Positive margin 6(2.5) 3.279 0.257
rLVI(LI+SVI+LaVI) 109(45.0) 3.859 0.043
reLVI(LI+SVI) 75(31.0) 2.303 0.149
LaVIl 47(19.4) 2.186 0.203
rPNI 83(34.3) 1.958 0.245

Adj. CTx., Adjuvant chemotherapy; LVI, lymphovascular invasion; PD, Poorly differentiated; HR, Hazard ratio; SVI; Small vessel invasion; LI,
Lymphatic invasion; rPNI: PNI changed after the review; LaVI, Large vessel invasion; rLVI, LVI after review; reLVI, revised LVI according to CAP
guideline; CI, confidence interval
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Table 8. Factors associated with Overall survival in the overall cohorts (n=1634)

Death

Univariate analysis Multivariate analysis
Variables No.(%) HR P-value HR 95% CI P-value
Age 1.096 <0.001 1.086 1.066-1.106 <0.001
Adj. CTx. 772(47.2) 0.518 <0.001 0.808 0.576-1.134 0.218
LNs<12 17(1.0) 2.892 0.036 2.095 0.772-5.881 0.146
Preoperative 437(26.7) 1.673 0.002 1.580 1.133-2.203 0.007
obstruction
PD 50(3.1) 1.091 0.011 1.099 1.027-1.176 0.006
LVI 384(23.5) 1.191 0.341
PNI 272(16.6) 2.254 <0.001 2.136 1.499-3.043 <0.001
Positive margin 22(1.3) 2.723 0.048 3.1 1.139-8.439 0.027

Adj. CTx., Adjuvant chemotherapy; LVI, lymphovascular invasion; PNI, perineural invasion; PD, Poorly differentiated; HR, Hazard ratio; CI, confidence
interval
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Table 9. Factors associated with Overall survival in the review cohorts (n=242)

Death

Univariate analysis Multivariate analysis
Variables No.(%) HR P-value HR 95% CI P-value
Age 1.074 0.002 1.074 1.026-1.123 0.002
Adj. CTx. 127(52.5) 0.749 0.467
LNs<12 5(2.1) 0.049 0.714
Preoperative 82(33.9) 2.953 0.023 3.412 1.327-8.772 0.011
obstruction
PD 6(2.5) 1.023 0.846
Positive margin 6(2.5) 2.332 0.411
rLVI(LI+SVI+LVI) 109(45.0) 1.520 0.377
reLVI(LI+SVI) 75(31.0) 1.837 0.200 1.491 0.569-3.906 0.417
LaVI 47(19.4) 0.819 0.752 0.879 0.246-3.148 0.843
rPNI 83(34.3) 3.015 0.022 2.579 0.994-6.694 0.051

Adj. CTx., Adjuvant chemotherapy; LVI, lymphovascular invasion; PD, Poorly differentiated; HR, Hazard ratio; SVI; Small vessel invasion; LI,
Lymphatic invasion; rPNI: PNI changed after the review; LaVI, Large vessel invasion; rLVI, LVI after review; reLVI, revised LVI according to CAP
guideline; CI, confidence interval
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Discussion

Adjuvant chemotherapy was not related to better outcome in both recurrence event and RFS
statistically in our study and although it showed better outcome in OS univariate study, there was no
statistical significance in multivariate study. However, OS improvement by adjuvant chemotherapy in
patients with statistically meaningful high-risk features was observed, reinforcing adequate application
for specific patients. We could not find out association of LVI with RFS and OS in our analysis for the
overall cohort. In our review cohort, the diagnosis of LVI, changed substantially over 30%, through the
slide review. The new LVI (rLVI) included SVI, LI, and LaVI, so additionally Revised LVI (reLVI)
without LaVI was separately examined and it did not show association with RFS or OS.

It is well defined that adjuvant chemotherapy was favorable for stage I1I colorectal cancer [10,
26]. However, effect of adjuvant chemotherapy in terms of RFS/OS improvement in pT3NO colorectal
cancer is still controversial and decision for adjuvant chemotherapy administration for T3NO colorectal
cancer is variable for the physicians and the patients. The American Society of Clinical Oncology
(ASCO), the European Society of Medical Oncology (ESMO), and the National Comprehensive Cancer
network (NCCN) suggest different guidelines for criteria of adjuvant chemotherapy treatment in pT3NO
colorectal cancer [2, 10, 27, 28]. They all take poorly differentiated grade of tumor, perforation, LVI,
and PNI as the high-risk features. ESMO and NCCN agree on the number of lymph nodes acquired less
than 12 and preoperative obstruction while ASCO sets the risk factor of the number of lymph nodes to
be less than 13 and does not include the obstruction. In Asan Medical Center, the pathologic reports
include all pathologic features among those risk factors above, and clinicians decide the chemotherapy
according to the pathologic report and clinical events such as obstruction and perforation, taking
account for all three guidelines mentioned before. This decision is usually multidisciplinary between
the surgery department and oncology department, and interchangeable. Also, the patient factors
including comorbidities, age, and free will affect the decision substantially.

Some studies reported higher survival outcome of the stage IIA colorectal cancer with adjuvant
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chemotherapy [6, 9, 29]. They said the chemotherapy shows benefits in tumor recurrence and survival
statistically [11, 30, 31]. QUASAR study, one of those studies, was published in 2007 and, had 3239
patients randomly assigned to chemotherapy group or no chemotherapy group. The study reported
significant recurrence decrease up to 22% (p=0.001) and 18% of reduction in death (p=0.008). However,
it also indicated that 5- year OS improvement was only 3-4%, leading others consider on the subtle
benefits and disadvantages of chemotherapy. Achili et al. reported that the chemotherapy has a survival
benefit in stage II colorectal cancer [6] and Kumar et al. insisted that adjuvant chemotherapy can have
some benefits in T4 tumors among stage II disease [11]. However in other studies, chemotherapy does
not seem to be beneficial option for colorectal cancer in RFS and OS, especially in early stage like Stage
I and II cancer [8] and some trials showed no differences in oncologic outcomes after adjuvant
chemotherapy, indicating that complications and harmful nature of chemotherapy can exceed the
chemotherapy benefits [6, 10, 12, 32-34]. The Cancer Care Ontario program study in 2004 [33], a meta-
analysis of 37 trials and 11 meta-analysis, analyzed stage II cancer randomly assigned to observation or
adjuvant chemotherapy, did not advocate the chemotherapy in the study because even though it reported
RFS improvement of 5% without p-value, there was no statistical value for OS improvement.

In our study, adjuvant chemotherapy did not show association with recurrence and no
significant improvement in RFS. This insignificance can also be drawn from that the 5-year RFS rate
of T3NO cancer was 94.8%, too good to show distinctively better results with the chemotherapy, while
Figuerdo et al. reported 5-year RFS usually less than 90% [33]. We also analyzed the chemotherapy
effect when there is each significant risk factor in RFS, however, the effect of the chemotherapy was
not observed in cases with high-risk features of PNI, LVI, preoperative obstruction, and margin positive
patients.

On the other hand, adjuvant chemotherapy had benefits on OS in univariate analysis in this
study. Also, for the patients with each risk factor which showed association with OS in univariate study,
including PNI, resection margin involvement, lymph node less than 12, and poorly differentiated tumor,
adjuvant chemotherapy had beneficial effect on OS statistically (all p<0.05), while LVI failed to show

association with OS rate. Even though adjuvant chemotherapy by itself did not have statistical
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significance in multivariate study, this finding of OS improvement by adjuvant chemotherapy when
with certain high-risk features may implicate possible benefits and reason of postoperative
chemotherapy in especially high-risk patients for improvement in OS.

Consequently, the role of high-risk features in chemotherapy decision is substantial. Schrag et
al. reported that magnificent portion up to 27% in the stage II colorectal cancer in their study received
adjuvant chemotherapy with uncertain benefits [35]. Likewise, in present study, 772 (47.2%) out of
1634 patients received chemotherapy. Comparing the 772 patients who had adjuvant chemotherapy
after the surgery with no adjuvant chemotherapy group, 527 patients (68.3%) had at least 1 risk factor
in the chemo group, and it were 325 patients (38.1%) in the non-chemo group (p<0.001). Also, having
more than 2 risk factors was associated with worse RFS (HR 3.306, 95% CI, 2.210-5.154, p<0.01). It
can be assumed that the presence of the risk factors affected the chemotherapy decision with expectation
for better outcome. Interestingly, 351 patients (45.5%) were given the chemotherapy when with only
one risk factor, and out of them, 179 cases (23.2%) were with only LVI. Although it seems that known
high risk features affect the chemotherapy decision mostly, other conditions affect the choice, too. In
this study, 87 patients, 10.2% of the no chemotherapy group were with more than 2 risk factors. In
contrast, 245 patients, 31.7% of chemotherapy group did not have any risk factors. This means that
other additional factors such as performance status of patients, age, co-morbidities, and refusal or
patient’s want could affect the decision hugely, not depending on the high-risk features recommendation
only.

Based on the result of this study, Intensive adjuvant therapy would be considered for patients
with certain high-risk features if they are related with poor oncologic outcomes. There are several
studies which analyzed the prognostic value of the high-risk features and following effect of
chemotherapy according to certain high-risk features. Achili et al. reported there is limited consensus
on some risk factors specifically LVI, PNI, and MSI [6]. Rebuzzi et al. chose the insufficient lymph
nodes less than 12 and differentiation grading as major significant risk factors and LVI as a minor
prognostic factor due to its subtle difference in OS [7, 36].

Among those high-risk features, LVI, the most common risk factor in our study, is a frequent
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subject on this issue. Many researchers reported prognostic significance of LVI in colorectal cancer [15,
18, 37, 38]. Skancke et al. said LVI in stage II colon cancer has significant effect on the overall survival,
but not on the recurrence [18]. Other reports insisted its role in prediction of occult lymph node
metastasis in node-negative colorectal tumors and therefore, additional staining should be considered
to identify LVI better [16, 17]. In contrast, other physicians like Artac et al. reported no statistical value
for association between LVI and RFS [30]. Zhang et al. analyzed the effect of adjuvant chemotherapy
by each risk factor and there was no significant effect of adjuvant chemotherapy in LVI patients,
especially in OS [39, 40]. Others including Lee et al. also could not find significance of LVI in stage
ITA colon cancer [8, 41, 42]. Difference according to the tumor location existed, too. Hogan et al.
reported LVI as a worse prognostic factor in only rectal cancer, not in colon cancer [43]. Present study
could not find prognostic value of LVI in none of our multivariate analysis in the overall cohort, neither
on recurrence nor on overall survival.

However, the utility of LVI is frequently on debates because of its subjectivity within
diagnostic variability [19, 44-46]. Harris et al. reported the moderate variability of LVI diagnosis in
their paper. Although the CAP(College of American Pathologists) guideline recommends pathologists
to report separately LVI, as known as small vessel invasion in definition [23], from large vessel invasion,
many studies reported LVI as lymphatic and blood vessel invasion altogether, resulting in wide disparity
in diagnosis among the studies. Also, the CAP does not recommend IHC stain, but some added IHC
staining for improvement in accuracy of the diagnosis due to limitations of conventional H&E stain,
such as difficulty of identification of lymphatic invasion from blood vessel invasion [20, 21]. These
different methods in diagnosis of LVI aggravate interobserver subjectiveness. Liang et al. reported the
false positive rate of H&E stain used for LVI was up to 9.1% and the false negative rate as 12.6%, using
additional podoplanin and CD34 staining. The dual stain extracted additional 53 vessel invasions which
were hidden with previous H&E stain. They also subdivided the LVI into lymphatic invasion and blood
vessel invasion and reported that blood vessel invasion showed association with distant metastasis while
lymphatic vessel invasion lost its association with recurrence [22]. Kingston et al. compared the

immunohistochemistry such as CD31and CD 34, and special staining like elastic Van Gieson, with
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conventional H&E stain in their paper, and reported huge improvement in identifying vascular invasion.
There were other studies which reported that only vascular invasion, not including lymphatic invasions,
showed prognostic impact distinctively, emphasizing on additional staining system in diagnosis [47,
48].

The original pathologic reports in this study from 2012 to 2016, included large vessel invasion
as a LVI and it was not identified separately, which means that LVI in the reports encompassed
lymphatic vessel invasion, small vessel invasion, and large vessel invasion altogether. For the review
of some slides with equivocal findings, additional staining was applied. We used dual IHC to diagnose
LVI better and subdivided the LVI into lymphatic vessel and blood vessel invasion. Interestingly, over
the 30% of the diagnosis were changed in the review cohort. Mostly the diversion was from negative to
positive findings in LVI, either into lymphatic or blood vessel invasion. The rLVI, encompassing large
vessel invasion with small vessel invasion was the only risk factor associated with RFS. In contrast,
reLVI according to CAP guideline did not show significance with RFS and OS, neither. While Betge et
al. reported blood vessel invasion as an independent predictor and lymphatic invasion was not [49], we
could not find association with RFS and OS in large vessel invasion. The subdivision of location as
intramural and extramural did not make significant difference in RFS and OS, neither.

On the other hand, PNI, the important risk factor in colorectal cancer, was proved as significant
prognostic factor in recurrence and RFS in our overall cohort (HR 2.693 and 2.737). PNI was also
associated with worse OS (HR 4.711, p=0.001). There are also many reports insisting prognostic
importance of PNI in oncologic outcomes [50-52]. Knijn et al reported strong association of PNI with
local recurrence and prognostic strength of it [S1]. Yang et al. even stated that stage II colorectal cancer
with PNI was similar with stage III patients, implicating the importance of postoperative chemotherapy
in PNI positive patients [52]. Also, it changed less than the LVI did (25.2% vs. 33.9%) in our study after
the review. The review did not require any additional stain, but only meticulous review was performed.
This may indicate that PNI can be used as more stabilized high-risk feature for adjuvant chemotherapy
between pathologists with original H&E stain if more specific consensus in diagnosis is made.

This study has some limitations. We could not have all our overall cohort pathologic slides
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reviewed. We just randomly selected and reviewed the year of 2014, and this maybe have caused some
selection bias, and this may have caused difference in risk factors association patterns with RFS between
the review cohort and the overall cohort.

As we reviewed the slides, there were some cases in which the initial stage diagnosis was
changed, however the number was very small. Also, the reasons of chemotherapy administration in
individual patients were unclear in that 245 patients without any risk factor received the treatment.
Likewise, we did not categorize the reasons of why 87 patients did not receive the treatment when they
had more than 2 risk factors. The differences following chemotherapy regimen was not evaluated

neither in this study.

Conclusion

In our study, adjuvant chemotherapy did not improve RFS in pT3NO colorectal cancer, while
it showed better outcome in OS in only univariate analysis. The adjuvant chemotherapy was given based
on the existence of high-risk features such as preoperative obstruction, PNI, LVI, resection margin
involvement, and the number of LNs examined less than 12. Among those indications for adjuvant
chemotherapy, LVI was the most common high-risk feature in this study. However, LVI was not
associated with worse RFS and OS in this study for the overall cohort. Furthermore, LVI showed
diversion in diagnosis in over 30% of the cases after the review. These findings suggest consideration
on the official reliability of LVI as a high-risk factor, in specifically pT3NO patients, who are on the
crossroads for chemotherapy. Also, although rLVI in the review cohort was the risk factor for RFS,
reLVI which we use as LVI these days was not associated with RFS. More detailed consensus on

staining system and classification in pathology diagnosis, and following studies are needed on LVI.

42



References

10.

11.

12.

13.

14.

15.

Sung, H. et al, Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA: A Cancer Journal for Clinicians,
2021. 71(3): p. 209-249.

Schmoll, H.J, et al., ESMO Consensus Guidelines for management of patients with colon and
rectal cancer. a personalized approach to clinical decision making. Ann Oncol, 2012. 23(10):
p. 2479-2516.

André, T, et al, Improved overall survival with oxalplatin, fluorouracil, and leucovorin as
adjuvant treatment in stage II or Ill colon cancer in the MOSAIC trial. J Clin Oncol, 2009.
27(19): p. 3109-16.

Mukai, M., et al.,, Efficacy of 5-FU/LV plus CPT-11 as first-line adjuvant chemotherapy for
stage Illa colorectal cancer. Oncol Rep, 2009. 22(3): p. 621-9.

Willett, C.G,, et al., Prognostic factors in stage T3NO rectal cancer: do all patients require
postoperative pelvic irradiation and chemotherapy? Dis Colon Rectum, 1999. 42(2): p. 167-
73.

Achilli, P, et al., Survival impact of adjuvant chemotherapy in patients with stage IIA colon
cancer: Analysis of the National Cancer Database. Int ) Cancer, 2021. 148(1): p. 161-1609.
Rebuzzi, S.E., et al., Adjuvant Chemotherapy for Stage II Colon Cancer. Cancers (Basel), 2020.
12(9).

Lee, MW, et al., Prognostic Factor and Survival Benefit of Adjuvant Chemotherapy in Stage
IIA Colon Cancer. Ann Coloproctol, 2021. 37(1): p. 35-43.

Gray, R, et al, Adjuvant chemotherapy versus observation in patients with colorectal cancer:
a randomised study. Lancet, 2007. 370(9604): p. 2020-9.

Kannarkatt, J.,, et al., Adjuvant Chemotherapy for Stage II Colon Cancer: A Clinical Dilemma.
J Oncol Pract, 2017. 13(4): p. 233-241.

Kumar, A, et al., Adjuvant chemotherapy use and outcomes of patients with high-risk versus
low-risk stage II colon cancer. Cancer, 2015. 121(4): p. 527-34.

O'Connor, ES,, et al., Adjuvant chemotherapy for stage II colon cancer with poor prognostic
features. J Clin Oncol, 2011. 29(25): p. 3381-8.

Buyse, M. and P. Piedbois, Should Dukes’ B patients receive adjuvant therapy? A statistical
perspective. Semin Oncol, 2001. 28(1 Suppl 1): p. 20-4.

Marsoni, S., Efficacy of adjuvant fluorouracil and leucovorin in stage B2 and C colon cancer.
International Multicenter Pooled Analysis of Colon Cancer Trials Investigators. Semin Oncol,
2001. 28(1 Suppl 1): p. 14-9.

Lim, S.B., et al, Prognostic significance of lymphovascular invasion in sporadic colorectal
cancer. Dis Colon Rectum, 2010. 53(4): p. 377-84.

43



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Wasif, N., et al, Predictors of occult nodal metastasis in colon cancer: results from a
prospective multicenter trial. Surgery, 2010. 147(3): p. 352-7.

Yasuda, K., et al., Risk factors for occult lymph node metastasis of colorectal cancer invading
the submucosa and indications for endoscopic mucosal resection. Dis Colon Rectum, 2007.
50(9): p. 1370-6.

Skancke, M., et al, Lymphovascular Invasion and Perineural Invasion Negatively Impact
Overall Survival for Stage II Adenocarcinoma of the Colon. Dis Colon Rectum, 2019. 62(2):
p. 181-188.

Minsky, B.D., et al., Lymphatic vessel invasion is an independent prognostic factor for survival
in colorectal cancer. Int ) Radiat Oncol Biol Phys, 1989. 17(2): p. 311-8.

Vass, D.G,, et al., The value of an elastic tissue stain in detecting venous invasion in colorectal
cancer. Journal of clinical pathology, 2004. 57(7): p. 769-772.

McClelland, D. and G.I. Murray, A Comprehensive Study of Extramural Venous Invasion in
Colorectal Cancer. PLoS One, 2015. 10(12): p. e0144987.

Liang, P, et al, Prognostic significance of immunohistochemically detected blood and
lymphatic vessel invasion in colorectal carcinoma: its impact on prognosis. Ann Surg Oncol,
2007. 14(2): p. 470-7.

Lawrence J. Burgart, M.W.V.C., MD; Dhanpat Jain, MD with guidance from the CAP Cancer
and CAP Pathology Electronic Reporting Committees., Protocol for examination of
specimens from patients with primary carcinoma of the colon and rectum. June, 2021.
Boland, C.R, et al, A National Cancer Institute Workshop on Microsatellite Instability for
cancer detection and familial predisposition: development of international criteria for the
determination of microsatellite instability in colorectal cancer. Cancer Res, 1998. 58(22): p.
5248-57.

Kingston, E.F, H. Goulding, and A.C. Bateman, Vascular invasion is underrecognized in
colorectal cancer using conventional hematoxylin and eosin staining. Dis Colon Rectum,
2007. 50(11): p. 1867-72.

Benson, A.B., 3rd, Adjuvant chemotherapy of stage Il colon cancer. Semin Oncol, 2005. 32(6
Suppl 9): p. S74-7.

Benson, AB., et al, Colon Cancer, Version 2.2021, NCCN Clinical Practice Guidelines in
Oncology. Journal of the National Comprehensive Cancer Network, 2021. 19(3): p. 329-359.
I, AB.B., et al, American Society of Clinical Oncology Recommendations on Adjuvant
Chemotherapy for Stage Il Colon Cancer. Journal of Clinical Oncology, 2004. 22(16): p. 3408-
3419.

Pinto, J.C,, et al, Colon Adenocarcinoma Stage IIA-Can We Predict Relapse? ) Gastrointest
Cancer, 2020. 51(1): p. 116-120.

Artac, M., et al., Do high-risk features support the use of adjuvant chemotherapy in stage II
colon cancer? A Turkish Oncology Group study. Tumori, 2014. 100(2): p. 143-8.

44



31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Lin, C.C,, et al, Is adjuvant chemotherapy beneficial to high risk stage II colon cancer?
Analysis in a single institute. Int J Colorectal Dis, 2009. 24(6): p. 665-76.

Group, QC., Adjuvant chemotherapy versus observation in patients with colorectal cancer:
a randomised study. The Lancet, 2007. 370(9604): p. 2020-2029.

Figueredo, A, et al,, Adjuvant therapy for stage II colon cancer: a systematic review from
the Cancer Care Ontario Program in evidence-based care's gastrointestinal cancer disease
site group. J Clin Oncol, 2004. 22(16): p. 3395-407.

Fu, J, et al., De-escalating chemotherapy for stage II colon cancer? Therap Adv Gastroenterol,
2019. 12: p. 1756284819867553.

Schrag, D, et al., Adjuvant Chemotherapy Use for Medicare Beneficiaries With Stage II Colon
Cancer. Journal of Clinical Oncology, 2002. 20(19): p. 3999-4005.

Yang, V. et al., Adjuvant chemotherapy for stage II colon cancer: who really needs it. Cancer
Manag Res, 2018. 10: p. 2509-2520.

Gao, Z, et al, Prognostic value of lymphovascular invasion in stage II colorectal cancer
patients with an inadequate examination of lymph nodes. World J Surg Oncol, 2021. 19(1):
p. 125.

Mutabdzic, D, et al, Evaluating the prognostic significance of lymphovascular invasion in
stage II and IIl colon cancer. Journal of Clinical Oncology, 2019. 37(4_suppl): p. 685-685.
Zhang, C, et al., Patient Selection for Adjuvant Chemotherapy in High-Risk Stage II Colon
Cancer: A Systematic Review and Meta-Analysis. Am J Clin Oncol, 2020. 43(4): p. 279-287.
Ptok, H., et al, No prognostic impact of isolated lymphovascular invasion after radical
resection of rectal cancer--results of a multicenter observational study. Int J Colorectal Dis,
2007. 22(7): p. 749-56.

Osterman, E., et al, Beyond the NCCN Risk Factors in Colon Cancer: An Evaluation in a
Swedish Population-Based Cohort. Ann Surg Oncol, 2020. 27(4): p. 1036-1045.

Jeon, C.H, M.K. Kim, and LK. Lee, Indication for and Effect of Adjuvant Chemotherapy for
Stage Ila (T3NOMO) Colon Cancer. Ann Coloproctol, 2019. 35(5): p. 254-261.

Hogan, J., et al., Lymphovascular invasion: a comprehensive appraisal in colon and rectal
adenocarcinoma. Dis Colon Rectum, 2015. 58(6): p. 547-55.

Harris, EL, et al, Lymphovascular invasion in colorectal cancer: an interobserver variability
study. Am J Surg Pathol, 2008. 32(12): p. 1816-21.

Maguire, A. and K. Sheahan, Controversies in the pathological assessment of colorectal
cancer. World J Gastroenterol, 2014. 20(29): p. 9850-61.

Littleford, S.E., et al., Interobserver variation in the reporting of local peritoneal involvement
and extramural venous invasion in colonic cancer. Histopathology, 2009. 55(4): p. 407-13.
Fujii, T, et al,, Vascular invasion, but not lymphatic invasion, of the primary tumor is a strong
prognostic factor in patients with colorectal cancer. Anticancer Res, 2014. 34(6): p. 3147-51.

van Wyk, H.C,, et al, The detection and role of lymphatic and blood vessel invasion in

45



49,

50.

51.

52.

predicting survival in patients with node negative operable primary colorectal cancer. Crit
Rev Oncol Hematol, 2014. 90(1): p. 77-90.

Betge, J, et al., Intramural and extramural vascular invasion in colorectal cancer: prognostic
significance and quality of pathology reporting. Cancer, 2012. 118(3): p. 628-38.

Quah, H.M,, et al., Identification of patients with high-risk stage Il colon cancer for adjuvant
therapy. Dis Colon Rectum, 2008. 51(5): p. 503-7.

Knijn, N., et al., Perineural Invasion is a Strong Prognostic Factor in Colorectal Cancer: A
Systematic Review. Am J Surg Pathol, 2016. 40(1): p. 103-12.

Yang, Y., et al., Prognostic value of perineural invasion in colorectal cancer: a meta-analysis.
J Gastrointest Surg, 2015. 19(6): p. 1113-22.

46



1T

T3N0Q| El

-

A
=

== 82 2F(Abstract)
A7 BlE o FSH. m7|Lt v7|el Y
FOI7t gle= 17| tZM 2XH ZH|

pS|
=

70
oF
ﬂ+

14

X229

I.

ol
100

14

!

ACH o A

, Jd2|d 20

o

2XM
[S

=

QLo

—

—

OIRZ M 7}X|

-
o
T

of

VS
A

.|

FSH
=

o
O

=
S

TO|C}.

8l

=l

oF

S|

pS|
=

B 20164 128€7HX| ZX[H

=]
T

|

2
=

o

oA 2012 1

[e)
=

T Aot

A

0]

7w,

A7 =2t

=
{m
xa

i

EN
H|
il

=
10

202HE A9 2 D240, CD31 O|EHIY

ujo

OL} (p=0.593), THHZ¥

H

.
o
AN

HOFX| 2

.I

HE2 22 384H(23.5%), 272H(16.6%)0 M ZHlg]

M

=]
e

AT

=

92%, 91.4% SCt &

22t

HZaE: HHZOINM 7720 &2
-1

(p=0.218).

o
—

Al

=
T

2SR 2l woA 2

=

=

o}

A

ol

5= Hel

Ce B

=
—

HYQoLt, 7to|=2telof

T3NO CH

Wm

40| A0 2 AFMME

h*
[SN(=

| 30 FMRO| wef FHapot

o

Al

x
(=

=z !
= -

47

HO|X| BRACE mEtA of2et =



of tieh A7+ ERstot.

=
(L

O M= &

=
[

P

.
o

48



Supplementary tables

eTable 1. Risk factors associated with recurrence in the review cohort

Recurrence
Univariate analysis Multivariate analysis

Variables No.(%) HR P-value HR 95% CI P-value
Age 1.012 0.640

Adj. CTx. 127(52.5) 1.042 0.849

LNs<12 5(2.1) - -

ﬁlr):frpuecrgz‘xe 82(33.9) 1.438 0.546

PD 6(2.5) - -

Positive margin 6(2.5) 3.909 0.231

rLVI (LI+SVI+LVI)  109(45.0) 3.735 0.053

reLVI (LI+SVI) 75(31.0) 2.235 0.177

Large VI 47(19.4) 2.1190 0.238

rPNI 83(34.3) 1.946 0.263

Adj. CTx., Adjuvant chemotherapy; LVI, lymphovascular invasion; PD, Poorly differentiated; HR, Hazard ratio; SVI, Small vessel invasion; LI,
Lymphatic invasion; rPNI: PNI changed after the review; LaVI, Large vessel invasion; rLVI, LVI after review; reLVI, revised LVI according to CAP
guideline; CI, confidence interval
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eTable 2. Factors associated with recurrence-free survival in the review cohort according to tumor invasion locations

Recurrence
Univariate analysis Multivariate analysis

Variables No.(%) HR P-value HR 95% CI P-value
SmallVI location

Intramural 116(47.9) 5.498 0.111 2.891 0.291-28.731 0.365

Extramural 37(15.3) 10.186 0.038 3.373 0.261-43.672 0.352
LargeVI location

Intramural 28(11.6) 1.545 0.589

Extramural 54(22.3) 1.273 0.726
LI location

Intramural 57(23.6) 5.262 0.008 3.114 0.765-12.668 0.113

Extramural 17(7.0) 2.391 0.436 1.767 0.177-17.629 0.628
PNI location

Intramural 73(30.2) 1.070 0.924 0.804 0.195-3.313 0.762

Extramural 12(5.0) 7.626 0.004 5.000 1.176-21.267 0.029

LI, Lymphatic invasion; PNI , Perineural invasion; CI, confidence interval
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eTable 3. Factors associated with overall survival in the review cohort according to tumor invasion locations

Univariate analysis

Multivariate analysis

Variables No.(%) HR P-value HR 95% CI P-value
SmallVI location
Intramural 116(47.9) 2.635 0.141 2.245 0.601-8.395 0.229
Extramural 37(15.3) 43.412 0.042 1.959 0.384-9.987 0.418
LargeVI location
Intramural 28(11.6) 0.867 0.850
Extramural 54(22.3) 0.418 0.249
LI location
Intramural 57(23.6) 1.562 0.373
Extramural 17(7.0) - -
PNI location
Intramural 73(30.2) 1.809 0.287 1.123 0.339-3.718 0.849
Extramural 12(5.0) 9.732 <0.001 4.360 0.945-20.122 0.059

LI, Lymphatic invasion; PNI , Perineural invasion; CI, confidence interval
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