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Abstract

Background and Objectives: Vascular invasion, in particular extramural venous invasion
(EMV1), is a pathologic characteristic that has been extensively studied in rectal cancer but rarely
in colon cancer. This study aims to evaluate its prognostic role in stage I1-111 colon cancer.

Methods: All stage II-111 colon cancer patients who underwent surgery between 2004-2015 were
reviewed. We divided the study group into patients without invasion, with intramural invasion only
(IMVI1), EMVI only, and both IMVI/EMV1 (n=923).

Results: EMVI was associated with other high-risk features, including T4, N+ disease,
lymphatic, and perineural invasion (P<0.001). EMVI+ patients had considerably higher rates of
locoregional and distant recurrence and subsequently disease-specific mortality (stage-11: odds
ratio (OR) 3.64, P=0.001, stage-11l OR:1.94, P=0.009), whereas outcomes were comparable
between IMV1 and no vascular invasion (OR:1.21, P=0.764, OR:1.28, P=0.607, respectively). The
adjusted hazard ratios for EMVI+ patients on disease-free survival, and disease-specific survival
were 2.07 (P<0.001), 1.67 (P=0.027), respectively. Moreover, EMV I+ stage-II patients fared worse
than EMVI- stage-111 patients, even after adjusting for adjuvant chemotherapy.

Conclusion: EMVI is a strong predictor for worse oncologic outcomes in stage 11-111 colon
cancer patients, whereas IMVI is not. It is also associated with worse outcomes compared in
patients with higher stage disease who are EMV1 negative.
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Introduction

Methods

Patients

Colorectal cancer is one of the most prevalent malignancies in both men and women
worldwide. Survival and recurrence rates vary considerably depending on baseline staging
and tumor characteristics [1]. Available adjuvant and neoadjuvant treatment options
surrounding operative treatment range from surveillance to chemoradiation regimens. The
decision whether or not to treat needs to be made on a case-by-case basis, considering the
risks of both under and over treatment. To address this, efforts have been made to identify
factors beyond the standard Tumor, Node, Metastasis (TNM) classification to stratify risks
of recurrence and mortality. As a result, pathological and molecular features including
poorly differentiated cancers, lymphovascular invasion, perineural invasion, and
microsatellite instability have been validated as risk factors [2-4].

Traditionally, validation of prognostic factors is done in cohorts grouping colon and rectal
cancer together, rather than separately, for the sake of statistical power even though
treatment approaches and tumor biology are markedly different [5-7]. It is necessary to
ensure that such factors are valid for colon cancer as well as rectal cancer. An example of
this discrepancy is extramural vascular invasion (EMVI) or vascular invasion beyond the
muscularis propria. In large part due to the potential finding of EMVI during preoperative
magnetic resonance imaging (MRI) in rectal cancer [8,9], a diagnostic modality that is not
routinely performed in tumors of the colon. EMVI has been well scrutinized in rectal cancer
[10-12] but far less so in tumors of the colon [13]. Nonetheless, the College of American
Pathologists recommend recording the status of vascular invasion during routine pathologic
examination in both colon and rectal cancer patients [14] because of the unfavorable
outcomes and increased risk of hepatic metastasis [15]. Current guidelines also incorporate
vascular invasion as a histologic risk feature in colon cancer, for which adjuvant therapy
could be considered. Besides lacking data on colon cancer specific outcomes, little is known
about the importance of separating intramural and extramural venous invasion. Therefore,
the aim of this study was to evaluate the impact of vascular invasion, both intramural and
extramural, on long-term oncologic outcomes in stage Il and 111 colon cancer patients
without distant metastasis.

All patients treated surgically for a primary colorectal carcinoma at Massachusetts General
Hospital between 2004 and 2015 (n=2287) were included in a prospectively maintained
survival and outcomes database after institutional review board approval. Data on patients
was gathered from patient visit records, the institutional research patient data repository, the
social security death index, as well as patient records from our healthcare network.

Due to the significant differences in treatment approach, tumor biology, and the intent to
specifically explore the impact of vascular invasion on colonic tumors, we exclusively
focused on colon cancer and did not include patients with tumors of the rectum (n=642). We
excluded all patients with intramucosal tumors (h=174) and patients with baseline metastatic
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disease (n=246). Furthermore, as only 14 out of 285 patients with stage | disease’ revealed
either intra- or extramural vascular invasion, we decided to exclude patients with stage |
disease as well, leaving 923 patients for final analysis. We divided patients into four groups:
no invasion, intramural vascular invasion (IMV1) only, extramural vascular invasion (EMVI)
only, and both IMVI and EMVI.

Pathologic examination

Primary and

Standardized pathologic examination was performed by a team of dedicated gastrointestinal
pathologists during the full length of our study. For the purpose of this paper, tumors of the
colon were defined as any tumor more than 15 centimeters from the anal verge. Right-sided
tumors included those located from the cecum to the hepatic flexure, transverse colon cancer
included transverse tumors only, tumors located from the splenic flexure proximal to the
sigmoid were defined as left-sided cancer, and (recto)sigmoid tumors were located from the
sigmoid to the rectosigmoid. Tumor stage was assessed according to the seventh edition of
the American Joint Committee on Cancer [16]. Tumor grading was categorized according to
the classification designed by the World Health Organization [17].

The presence of vascular invasion was assessed on hematoxylin and eosin-stained (H&E)
slides. Vessels with an unequivocal endothelial lining were considered lymphatic (small),
whereas large vessels (venous) included all with a muscular wall. In suspicious cases,
sections at multiple levels and elastic stains have been used to confirm venous invasion.
Intramural vascular invasion (IMV1) was defined as the presence of large vessel invasion in
the submucosal and/or muscular layer. Venous invasion beyond the muscularis propria was
considered extramural vascular invasion (EMVI). [Figure 1]

secondary outcomes

Disease recurrence was our primary outcome, divided into locoregional recurrence,
including all recurrences within the original tumor bed (contiguous to the original site of the
tumor, peri-anastomotic, peritoneum, and retroperitoneum), and distant recurrence (liver,
lung, and other nonregional organs). Determination of disease recurrence was made by
histological or clinical and radiological examinations.

Secondary outcomes were time to disease recurrence, and overall and disease-specific
survival. Data on long-term outcomes and survival were periodically updated by reviewing
patient’s records and the US Social Security Death Index. The last status review of survival
and follow-up was on March 1%t, 2018. Patients alive at the closure of the study or lost to
follow-up were censored. All time to events were expressed in months, measured from date
of surgery. Recurrent or metastatic disease within 30 days of the original admission was
considered baseline metastases and therefore excluded from our study cohort.

All patients underwent a standardized surveillance according to the American Society of
Clinical Oncology (ASCO) and the National Comprehensive Cancer Network (NCCN)
guidelines [6,18]. Postoperative treatment was considered for all patients. The decision
whether or not to administrate adjuvant chemotherapy was made on an individual basis after
reviewing pathology results and assessing the performance status of the patients and their
consent to the therapy.
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Statistical analysis

Results

Statistical analysis was performed using SPSS (\Version 24.0; SPSS Inc, Chicago, IL, USA).
A two-tailed P-value below 0.05 was considered the threshold for statistical significance.
Descriptive statistics (percentage, medians with interquartile range or means with standard
deviation) were used to illustrate differences in baseline characteristics, if any. Subsequently,
outcomes were compared among EMV1 positive and negative patients. Outcomes analyzed
were, metastatic recurrence, and overall and disease-specific mortality, expressed as
percentage outcomes, compared for significance using a chi-square (X2) coefficient. Kaplan-
Meier survival estimates were compared using Log-Rank tests.

Additionally, multivariate analyses using Cox proportional hazard regression models were
performed to analyze the impact of vascular invasion on disease recurrence and colon cancer
specific survival. Hazard ratios (HR) with corresponding 95% confidence intervals (CI) were
estimated. Variables included in the model were: age, ASA-score, vascular invasion (no
invasion — IMV1 only — EMVI only — both IMVI and EMV1), TN-stage, tumor location,
lymphatic invasion, high grade disease (including poorly differentiated adenocarcinomas,
mucinous and signet-cell carcinomas), perineural invasion, microsatellite instability, bowel
obstruction at presentation, RO-resection, and adjuvant chemotherapy. Lastly, differences in
long-term outcomes were also demonstrated per AJCC substage using Kaplan-Meier
survival analyses, as well as for the EMVI-subgroup only.

Baseline characteristics

Outcomes

A consecutive cohort of 923 patients with AJCC stage 11 or stage 111 was included, of whom
59 patients had intramural vascular invasion only on surgical pathology, 163 patients had
extramural vascular invasion, and 59 patients had both IMVI and EMVI. None of the
baseline characteristics, including age, gender, ethnicity, BMI, and emergency admissions
differed significantly based on vascular invasion status. Patients with vascular invasion,
regardless of the precise location, presented more often with a large bowel obstruction
(10.7% vs. 5.9%; P=0.011), while perforation at presentation rates were comparable. Table 1
shows baseline characteristics in detail.

Tumor location did not differ between the groups. Rates of RO-resections tended to be lower
when IMVI and EMVI were both present (P=0.057). Patients with EMVI+ tumors or both
IMVI/EMVI demonstrated significantly higher rates of node-positive disease as well as
higher incidences of T4 tumors, lymphatic invasion, and perineural invasion. Numbers of
examined lymph nodes were not different between the groups; neither did the number of
patients in whom less than 12 lymph nodes were examined.

Vascular invasion was present in 21.1% of stage Il patients and 40.0% of stage Il patients
(Table 2 and 3). An increasing rate was in particular true for EMV I+ patients (stage II:
11.0%; stage I11: 24.5%). The detection rate of vascular invasion, however, slightly increased
over the study period from 27.5% in the first half (stage Il: 16.7%, stage I11: 38.6%) to
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33.3% (25.3%, 41.3%, respectively) in the latter. Lymphatic invasion was far more prevalent
in EMVI+ or IMVI/EMV I+ patients, with a significant higher rate than IMVI+ patients in
stage 11 (P<0.001). Moreover, presence of small vessel invasion in vascular negative patients
was lower, though certainly not absent (stage 11: 19.1%; stage I11: 45.1%).

In line with current guidelines, rates of adjuvant chemotherapy were higher in stage 111
disease. A total of 332 stage Il patients (72.5%) received postoperative treatment compared
to 89 (19.1%) stage Il patients. The most common reasons to forego further treatment were
comorbidity or age (49.0%) and patient’s refusal (40.8%). In stage Il disease, rates of
postoperative chemotherapy admission were significantly higher in patients with EMVI
(P=0.001), whereas no differences were found in stage 111 disease (P=0.909)

Regardless of stage, the presence of vascular invasion was strongly associated with
locoregional and distant recurrence. In stage Il, EMVI+ and IMVI/EMVI+ patients had
significantly higher rates of locoregional and distant recurrence compared to patients
without invasion or IMVI only (P=0.004, P=0.042, respectively), subsequently leading to
impaired disease-free survival (DFS), overall survival (OS), and disease-specific survival
(DSS). With regards to stage 111 disease, rates of distant recurrence increased substantially in
all groups, but remained higher in the EMVI+ group (P<0.001).

Subgroup analysis

In stage Il disease, time to disease recurrence was comparable between patients with no
invasion and IMV1 only (5-year DFS: 85.5% vs. 93.3%, P=0.332). Overall survival and
disease-specific survival were also comparable between these two groups (OS: P=0.601,
DSS: P=0.208). Nonetheless, EMV I+ patients demonstrated worse outcomes compared to
no invasion (DFS: P=0.002, OS: P=0.001, DSS: P<0.001) (Figure 2).

The poor prognosis for EMVI+ tumors was emphasized in stage 111 disease. Time to disease
recurrence, overall survival, as well disease-free survival was all worse when extramural
vascular invasion was present (P<0.001), while no differences between the IMVI group and
no invasion group were found. Interestingly, the estimated survival rates of stage Il patients
without vascular invasion or IMVI1+ only were comparable with stage |1 EMVI1+ patients
(DFS: P=0.281, DSS: P=0.101), indicating once more the importance of EMVI.

Survival and multivariate analyses

Median follow-up was 43.9 months, which was not significantly different between stage (l1:
46.2 months vs. I11: 40.7 months, P=0.122). In multivariate Cox proportional hazard models,
time to disease recurrence remained significantly shorter in patients who were EMVI+
compared to those without (HR=2.07; 95% CI: 1.46 — 2.93, P<0.001)(Table 4). Although
hazard ratios were higher in the IMVI/EMV 1+ cohort, outcomes were not significantly
different after adjustment (HR=1.52; 95% CI: 0.88 — 2.63, P=0.135). This was different in
colon cancer specific survival, with more than two-fold higher hazard ratios for the IMVI/
EMVI+ cohort (HR=2.39; 95% CI:1.31 — 4.36, P=0.005). Similarly to DFS, EMVI+
withstood adjustment in the DSS model (HR 1.67; 95% ClI: 1.06 — 2.64, P=0.027). Along
with vascular invasion, ASA-score, T4 tumors, lymph-node positive disease, high grade
tumors, perineural invasion, and bowel obstruction at presentation were all found to be
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independent predictors for both DFS and DSS. Moreover, time to disease-specific mortality
was shorter in patients with distal tumors and patients in patients with an incomplete tumor
resection. The administration of adjuvant chemotherapy did not have a significant effect in
adjusted Cox regression models for aforementioned survival outcomes.

The negative impact of EMV1 on disease-free and disease-specific survival was underlined
by univariate stage-by-stage Kaplan Meier curves focusing on patients with or without
EMVI positive tumors (Figure 3). Both DFS and DSS were worse for EMV 1+ patients,
regardless of stage (P<0.001). Moreover, DFS was comparable between stage Il EMVI+ and
stage 1l EMVI- patients (P=0.098), but DSS was significantly worse for the first group
(P=0.021). When adjusting for adjuvant chemotherapy, outcomes remained similar to the
univariate analyses including a non-significant difference in DFS between stage Il EMVI+
and stage 1l EMVI-, but higher hazard ratios for colon cancer specific survival in stage Il
EMVI+ (HR=2.02; 95% CI: 1.10 — 3.71, P=0.024).

Discussion

In this study, extramural venous invasion proved to be a strong and independent predictor of
disease-free and disease-specific survival, while patients with only intramural venous
invasion had comparable outcomes to those without any invasion. Patients with EMVI
positive tumors were almost three times as likely to develop disease recurrence or die from
colon cancer compared to patients with no vascular invasion detected. This remained true
after adjusting for potentially confounding factors including baseline staging, demographics,
histologic high risk features, and postoperative treatment. The prognostic impact of EMVI
on colon cancer mortality was comparable to that of other risk factors, including lymph-node
positive disease, high grade disease, and perineural invasion, stronger than the impact of
lymphatic invasion, but inferior to T4 tumors, bowel obstruction and tumor clearance.
Differences in oncologic outcomes were present in both stage Il as stage |11 disease, though
more profound in the latter. All outcomes were found to be independent of adjuvant
chemotherapy status. Additionally, although EMVI+ patients received adjuvant treatment in
stage |l disease twice as often as patients without invasion or with only IMVI, patients with
stage 1l and EMVI positive tumors still fared worse. In fact the effect was of such a
magnitude that stage Il patients with EMV1 had worse disease-specific survival than stage
I11 patients without EMVI, independent of adjuvant therapy. This reiterates the finding that
extramural vascular invasion is a poor prognostic sign in colon cancer, for which more
targeted approaches or a more aggressive follow-up may be needed to truly benefit patients
with EMVI positive tumors.

Current perspective

Extramural vascular invasion is already an important baseline characteristic in rectal cancer
[19-20]. As a prognostic factor, it is used to potentially predict high-risk disease or in some
institutions to determine the need for preoperative chemoradiation. These tumors have an
increased potential for vascular seeding: as the tumor is aggressive enough to directly invade
blood vessels, it makes sense that these patients are at higher risk of having occult disease.
Although the impact of EMV1 is less well understood in colon cancer, vascular invasion
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should be taken into consideration as a high risk feature in stage 11 disease for which
adjuvant therapy could be considered. Moreover, this study emphasized the difference
between intramural and extramural vascular invasion, as only the latter was associated with
poor outcomes.

Magnetic resonance imaging has made preoperative detection of EMV1 in rectal cancer an
important item of the baseline assessment [21]. This approach is not useful for tumors of the
colon, as magnetic resonance imaging cannot account for the location and colonic
peristalsis. Computed tomography is the only alternative but does not have sufficient
resolution or tissue differentiation to identify vascular invasion reliably. Our hypothesize that
vascular invasion detected on histopathologic examination is a very important prognostic
factor to predict recurrence and colon cancer-specific mortality proved to be true in this
study comprising a large cohort of stage Il and 111 colon cancer patients spanning over a
decade.

Limitations and further research

As most metastatic disease presents within 24 months of baseline treatment, many patients
may already have metastatic disease which is impossible to detect on presentation. These
cases may or may not benefit from the prognostic value of EMVI. This study demonstrated
that EMV1 positive stage Il patients did not seem to benefit substantially from adjuvant
chemotherapy; however, the analyses demonstrating the lack of effect of chemotherapy on
long term outcomes for these patients might be caused by type Il errors, due to relatively
small numbers in these subanalyses. Nevertheless, outcomes tended to be worse for EMVI
positive stage Il patients who received contemporary adjuvant therapy. Therefore, studies
regarding targeted adjuvant therapy in EMVI positive colon cancer are needed. Chand et al
demonstrated an association between response of extramural venous invasion to neoadjuvant
therapy and better disease-free survival for rectal cancer patients [22]. Although the
administration of neoadjuvant therapy for colon cancer is not standard of practice, the
finding of Chand and colleagues may give insights for therapy to which extramural invasion
in colon cancer may respond. Furthermore, although this is a single institution study, results
could be generalizable to all hospitals reporting extramural invasion. Extramural vascular
invasion should be part of pathology reports, as the College of American Pathologists
recommends reporting EMVI in their Protocol for the Examination of Specimens From
Patients With Primary Carcinoma of the Colon and Rectum [14].

Concluding from these findings, it is clear that extramural vascular invasion is an important
prognostic feature of disease recurrence and disease-specific mortality of patients with
surgically treated stage Il or stage 111 colon cancer. Even within patients of higher AJCC
stage, the presence of EMVI is associated with worse outcomes. Research regarding targeted
therapy for EMVI positive disease is needed.
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Synopsis:

Vascular invasion, in particular extramural venous invasion (EMVI1), is a pathologic
characteristic that has been extensively studied in rectal cancer but rarely in colon cancer
alone. With our study, we aimed to evaluate the prognostic value of vascular invasion in
stage I1-111 colon cancer. This study confirms the prognostic impact of EMVI in colon
cancer, which remained true after adjustment for several confounders. Even within
patients of higher AJCC stage, the presence of EMVI is associated with worse outcomes.
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Figure 1.
Histology of intramural and extramural vascular invasion.

A: EMVI in a large vein, x40.

B: Higher magnification of A (x200) highlights vein wall (arrow).
C: EMVI in a smaller vein, x200.

D: IMVI, x200.

* in all panels highlights muscular artery

J Surg Oncol. Author manuscript; available in PMC 2019 July 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Leijssen et al.

Page 11

AJCC stage Il AJCC stage lll

Disease-free survival Disease-free survival

Vascular invasion

I INo
IMVI
\ IVEMVI
1 IMVIand EMVI
Ty — \
- - R
£ osq § 054 v
c z 4y
7 2 \
E g T 4e i
O 044 S oad
04 024
P=0.004 P<0.001
004 0.04
T T T T T — T T
0 50 100 150 200 0 50 100 150 200
Follow-up (months) Follow-up (months)
No invasion versus IMVI| P=0.232 No invasion versus IMVI P=0.496
No invasion versus EMVI P=0.002 No invasion versus EMVI P<0.001
No invasion versus IMVI+EMVI P=0.080 No invasion versus IMVI+EMVI P=0.001
Colon cancer specific survival Colon cancer specific survival
04 14
ym
R aae Lol
" \\‘
osd lpremas Seifemtennibld o .\ .y
bt “
Ris o b
b u
t o
- — i |
£ o+ " " ¥ °4 ) S OPTUOTON
5 f
7 7
E ]
L=1 044 ,3 04
024 024
P<0.001 P<0.001
0.0 00
T T T T T T T T
° 50 100 150 200 0 50 100 150 200
Follow-up (months) Follow-up (months)
No invasion versus IMVI P=0.208 No invasion versus IMVI P=0.107
No invasion versus EMVI P<0.001 No invasion versus EMVI P<0.001
No invasion versus IMVI+EMVI P<0.001 No invasion versus IMVI+EMVI P<0.001

Figure 2.
Survival outcomes per AJCC stage.
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Figure 3.

Survival outcomes per EMVI status, univariate and adjusted for adjuvant chemotherapy.
Outcomes are based on unadjusted (upper) and adjusted (lower) analyses. AJCC stage II-
patients are represented with blue lines (solid line is EMVI +, dotted line is EMVI =), AJCC
stage Ill-patients are represented with red lines (solid line is EMVI +, dotted line is EMVI

-).

J Surg Oncol. Author manuscript; available in PMC 2019 July 15.

stage 11
stage 11
stage 111
stage 111



Page 13

Leijssen et al.

Author Manuscript

(%e'sT) 6 (%9'8) ¥T (%6'TT) L (%8'7T) 56 (%S°€T) 52T ubiH
T90°0 AN1gelsul 8111181esolo1N
G110 (%e01) 9 (w2 2t (%r9) e (%s°2) 8y (%5'2) 69 paulwexs sapou ydwA| Z1>
5090 (se-L1) €2 (62-91) 02 (62-91) 12 (62-97) T2 (62-91) T2 paulwexa sapou ydwA
100°0> (%229) L€ (%9°2v) 69 (%t'se) ST (%0T) 06 (%6'22) 112 uolseAul [ednautlad
100°0> (%v'18) 8 (%9'59) L0T (%8'sv) L2 (%z0g) v61 (%L°0v) 9.8 uoiseAur oneydwA
100°0> (%S'Lv) 82 (%T'TY) 29 (%€02) 21 (%z'02) 0ET (%2'52) .82 Jown 1
€00 (%z'9¢) 12 (%e'1€) 19 (%tze) et (%2 v2) ¥ST (%T1°92) 662 apesb ybiH
090 (60T-5€) €5 (02-s€) 0'S (51-5€) L'y (L1-s€)zs (§2-s€)0g 8z|s Jowny
100°0> (%L'€2) 1 (%€e'1€) 19 (%6'55) €€ (%z'L8) 198 (%b°05) Sov aseasip || abeis
Sa11S118)orlela Jowin |
1800 (%S'T6) ¥ (%S¥6) ¥ST (%996) LS (%t°26) G29 (%v°96) 068 uono8saI-0Y

(%0°0) 0 (%8'T) € (%LT) T (%072) €T (%8'1T) LT sas adnIniN

(%9°6¢) 12 (%T1°€€) ¥§ (%e'sT) 6 (%6°G2) 991 (%T°L2) 062 uojoa prowbis(00ay)

(%6TT) £ (%t2) et (%9°€1) 8 (%t0T) 29 (%e 01) v6 papis-yeT

(%9°€T) 8 (%b'2) et (%T19) € (%€'6) 09 (%0'6) €8 U0J0J 8SIBASURI L

(%0°6¢) €2 (%€"08) 28 (%tv9) 8¢ (%€'28) 9g€ (%6'1S) 6L papis-yybry
(04%0] uonraof Jown |

176°0 (%r€) 2 (%52) ¥ (%LT) T (%82) 8T (%22) ¢ uoneloyiad |amog

¥80°0 (%6'TT) L (%t01) LT (%z01) 9 (%6°S) 8¢ (%v'L) 89 uonoNLIsqo [amog
9950 (%e'sT) 6 (%8'6) 9T (%9°€1) 8 (%e'01) 99 (%2'01) 66 uolssiwipe Juabin
96'0 (%r€) 2 (%T€) G (%LT) T (%07€) 6T (%6'2) Lz aseasIp |amog Alojeluurelyul
1610 (zee-Lea) 69z (86z-€€2) voz (L1e-Tee)eLe  (80e-€€2)89¢ (L0e-2€e) L'9C A0y INg
v1€0 (e-2)¢ (e-2)¢ (e-2)¢ (e-2)¢ (e-2)¢ 21028 VSV
28L°0 (%8'68) €5 (%L'18) €vT (%z'€6) 55 (%9'68) 5.6 (%5'68) 928 Uelseane)
1870 (%8'sv) Le (%6°05) €8 (%€ '6S) G€ (%ees) zve (%8'25) L8 1apuaf ajewad
62€0 (1'8/-1'58)6'G9 (98,-0'85) 189 (9'28-209)6'v. (86.-8259)v'69 (86L-LLS) 069 sieaf ‘aby

65=U €9T=U 65 =U w9 =u €26=U
anfeAd ulog Ajuo IANWZ Aluo IAWI uoseAUl ON [eloL
SONSLIB)ORIBYD JOWN] pue suljaseg
‘T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2019 July 15.

J Surg Oncol. Author manuscript



Page 14

Leijssen et al.

ANEBV_V Xapu| sselN Apog :[INg ‘Sis160]01sayIsauy JO A18190S UBdLIBWY WSV :SUOITRIASIGOY

"gJep SNONURUOD |[e Joj HOI YIM UeIpaw ‘erep [edtiofared oy pajuasaid aue suoiodoid

(%6°€€) 02 (966°6€) 59 (%8'82) LT (%€ 1) 592 (%8°6€) L9 paisal 10N
(%8°09) 0€ (%%G'8v) 64 (%z'¥8) z€ (%T1°6€) 152 (%G°zy) 268 8|qe1s
(%0°0) 6 (%1€) g (%19 € (%8') 1€ (%z'y) 68 Mo
65=U €T =u es=u w9=u €26=U
anfeAd ylog Ajuo IAINT Ajuo IANI uoseAul oN feol
Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

J Surg Oncol. Author manuscript; available in PMC 2019 July 15.



Page 15

Leijssen et al.

Author Manuscript

yuel-60] Ag parejndjed salewss [eAIAING

S1 18 JBqUINN YN “J8IB|A Uejde] (- ‘UOISBAU] Je[NISEA [INWEXT |AINT ‘UOISBAU| JBINISEA [RINWeIU] | AN :SUOHBIASIGQY

Glowged  9T|1%0LL  L2|1%Ce€6  9ST1%0'G6 &V /dreuitiss 12af-g wW-X

Gloze9  82|%8T8  LZ|%Te6  6ET|%S96 MV /dreuiliss eaf-& W-X
T00 0> [eAIAINS 913193ds J8dUED UOJ0D

2lo69e  9T|%ELS  €T|%86L VST|%98L VN /atewiiss 2af-g W-X

zle9e  821%969 071%6'G8 66T |%Y'S8 MV /drewiliss eaf-& W-X
T00°0> [eAININS [[eJ3AO

L1%8TL  €21%SL9  82l%Ee6  viT|%eS8 &V /areiiss k-G -y

L1%8TL  €2l%SL9  82|%ee6  8e2|%9'88 &N/ dmewiliss k- W-X
7000 [eAIAINS 831)-3sessig
w00 (wr12)e  (%S€T) et (%wT9)e  (%y1T) ey 80Ua1IN23l JuelsIqQ
v000 (%evT) e  (%9'6T) 0T (%0°0) 0 (%T12) 9¢ 80U3.11n931 |eu016210007
1000 (%009) L (%eee) LT (%esT)S  (%E9T) 09 Adesaylowayd JueAnfpy
1000> (%€¥9)6 (%CTV) 12 (%ev2)8  (%T'6T) 0L uoiseAur oneydwA

onprd  om AUOIAWD AUOTANI UOSEATION swened ||3beis
(go=u) 1] abe1s ‘snyels uoISeAul Je[naseA Ag SaouaIalIp swoINQ
¢ 9l|qeL

Author Manuscript

Author Manuscript

Author Manuscript

J Surg Oncol. Author manuscript; available in PMC 2019 July 15.



Page 16

Leijssen et al.

sues-Bo| Aq pare|nafed sarewnss [eAIAINS HSH 18 JaqUINN YN “JoIBIN uejded] :|A-3 ‘UOISBAU| JeInIseA [eINWeNXT (| ANT ‘UOISBAU| JBJNISEA [eInWweiu] JIAIN] SUOIRIASIGYY

Author Manuscript

0T|%b'GS  2€1%899 8TI%ESL 90T |%G'S8 &V /oreuiss 1eaf-G W-X

221%969  291%8'8. 8TI%E8L ELTI%ETE YW/ apewrss 1eof-g W->
T00'0> [eAIAINS 913193ds J8dUED UOJ0D

0Tl%Evy  2el%g'sS  8l%v'09 00T |%0'89 &V /orewiss 1eaf-G W-X

221%L68  291%L'L9  LT1%0'89  ELTI%E6L MW/ dpewnss 1eof-g W-d
6000 [EAIAINS [[BIBAQ

0T|%8G6S  8Z1%T'9y  61%L0L  061%99L &V /oreuwiss 1eaA-G W-X

8T 1%V 19  Le1%e2S 8TI%S8L €STI%0T8 MW/ apewrss 1eof-g -3
T00°0> [eAIAINS 831)-3sessig
1000> (%TTE)¥T  (w8ev) 6y  (%T'€2)9  (%8LT) 6V 80UB.INd81 JUBISI]
G100  (w8LT)8  (we'Se)6z  (wT€n)9  (%L2T)SE 80U3.11n931 |eu016210007
6060 (wTTLZe (wTvl)e8 (%6907 (%97TL) L6T Adesaylowayd JueAnfpy
T000> (%298)6€  (%8'92) 98 (%T'€L) 6T (%T'SY) veT uoiseAur oneydwA

aneAd mmumm >_com_ﬁ\ﬁ/_w,_m >_cow_m>ﬂ>x Smw»m_wn swened 11130815
(85=u) 111 abe1s ‘snyeis uoiseAul JejnaseA Ag Sadualaylp awodnO
€ 9l|qeL

Author Manuscript

Author Manuscript

Author Manuscript

J Surg Oncol. Author manuscript; available in PMC 2019 July 15.



Leijssen et al. Page 17

Table 4:

Cox Proportional Regression models of Disease-free survival and Disease-specific survival

1duosnuey Joyiny

1duosnuen Joyiny

Disease-free survival Colon cancer specific survival
Variable HR (95% Cl) P-value HR (95% Cl) P-value

Age 1.00 (0.99-1.01)  0.949 1.01(0.99-1.02)  0.172
ASA-score, /1/-1V 1.36 (1.00-1.83) 0.048 1.46 (1.01-2.10) 0.044
Vascular invasion

Absent Reference Reference

IMV1 only 0.74 (0.34-159) 0436  153(0.72-3.25)  0.270

EMVI only 2.07 (1.46-2.93) <0.001  1.67 (1.06-2.64)  0.027

IMVI + EMVI 1.52 (0.88-2.63) 0.135 2.39 (1.31-4.36) 0.005
T4 tumors 150 (1.09-2.06) 0.012  2.14(1.46-3.13)  <0.001
Lymph-node disease 1.56 (1.12-2.16) 0.008 1.61 (1.04-2.48) 0.033
Tumor location

Right-sided Reference Reference

Transverse 0.84 (0.45-1.57)  0.581 1.24 (0.60-2.56) 0.561

Left sided 1.60 (0.99-2.57) 0.052 1.58 (0.86-2.91) 0.144

(Recto)Sigmoid 1.38(0.97-1.95) 0076  1.75(1.13-2.73)  0.013

Multiple 2.09(0.83-5.25) 0.116  2.41(0.73-7.91)  0.148
Lymphatic invasion 1.30(0.93-1.83) 0.130 1.48 (0.95-2.30) 0.080
High grade 1.64 (1.18-2.28) 0.003  1.77(1.21-2.59)  0.003
Perineural invasion 1.72 (1.23-2.41)  0.002 1.59 (1.05-2.42) 0.028
MSI-high versus stable/low  0.69 (0.40-1.17) 0.167 0.82 (0.41-1.61) 0.555
Bowel obstruction 1.87(1.18-2.96) 0.008 2.40 (1.43-4.03) 0.001
RO-resection 0.61 (0.34-1.12) 0.112 0.42 (0.23-0.77) 0.005

Adjuvant chemotherapy 1.16 (0.81-1.68) 0.421 0.95 (0.57-1.60) 0.852

Abbreviations: ASA: American Society of Anesthesiologists; IMVI: Intramural Vascular Invasion; EMVI: Extramural Vascular Invasion; HR:
Hazard Ratio; Cl: Confidence Interval
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