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Can clinicopathologic high-risk features in T3NO colon
cancer be reliable prognostic factors?

Hyun Gu Lee, Young IL Kim, In Ja Park, Seok-Byung Lim, Chang Sik Yu
Department of Colon and Rectal Surgery, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Purpose: The purpose of this study was to assess the reliability and prognostic significance of the high-risk feature (HRF)
in patients with T3NO colon cancer.

Methods: We included 1,205 patients with pT3NO colon cancer treated with curative radical resection between 2012
and 2016. HRF was defined as lymphovascular invasion, perineural invasion, poorly/undifferentiated histology, margin
involvement, and preoperative obstruction. We investigated the relationships between the number and type of HRF and
recurrence-free survival (RFS) and overall survival (0S), as well as the effect of adjuvant treatment.

Results: A total of 751 of the patients (62.3%) had more than 1 HRF and 515 of the patients (42.7%) underwent adjuvant
treatment. Patients who had more than 2 HRFs had a significantly worse 5-year RFS and OS compared to patients who had
neither HRF nor even one HRF. According to the findings of the multivariate analysis, the presence of multiple HRFs was
a risk factor for a lower RFS and 0S. When the quantity and type of HRF were taken into consideration in the multivariate
analysis, adjuvant chemotherapy was not found to be linked with RFS or OS in patients with pT3NO colon cancer.
Conclusion: In the present study, adjuvant treatment based on the current guideline of treatment indication was unable to
enhance the prognosis of patients with pT3NO colon cancer. The role of adjuvant treatment in T3NO colon cancer must be

examined with the HRF count in mind.
[Ann Surg Treat Res 2023;104(2):109-118]
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INTRODUCTION

Colorectal cancer is treated with adjuvant chemotherapy
to eliminate micrometastases even after curative surgery.
The decision to provide adjuvant chemotherapy is based on
the likelihood of disease recurrence. Although it has been
proved that chemotherapy lowers recurrence and increases
survival in patients with stage III colorectal cancer [1,2], there
are controversial evidences that chemotherapy has favorable
effects on patients with stage II colorectal cancer [3-6]. It
has been demonstrated that the pT4 has a poor prognosis in

patients with node-negative disease; hence, the administration
of adjuvant chemotherapy was strongly advocated [7,8].
Adjuvant chemotherapy is administered to patients with
PT3NO colorectal cancer based on high-risk clinicopathologic
features (HRF) for prognosis, which include preoperative
bowel obstruction, localized perforation, perineural invasion
(PNI), lymphovascular invasion (LVI), <12 lymph nodes (LNs)
retrieved, poorly differentiated/undifferentiated (PD/UD)
tumors, and resection margin involvement. In T3NO colorectal
cancer with HRF, however, there is a lack of strong evidence
addressing the effectiveness of adjuvant chemotherapy [9-11].
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The prognostic importance of individual HRF showed
heterogeneous results. In addition, several HRFs, such as LVI
and PNI, exhibited interobserver variability, and diagnoses were
frequently modified based on the use of staining techniques
or rigorous pathological evaluation. Some studies reported
that patients with multiple HRF showed significantly poorer
oncological outcomes than those with single HRF. However,
adjuvant chemotherapy has been advised for patients with the
above-mentioned risk factors, regardless of the number and
kind of risk factors [12,13].

The oncological importance of HRF according to type, as well
as the oncological benefits of adjuvant treatment in patients
with T3NO colorectal cancer and HRF, has not been adequately
examined. The effect of adjuvant chemotherapy according to
the number of HRFs must also be investigated, as it would serve
as a basis for the optimal and individualized administration
of adjuvant chemotherapy in pT3NO colon cancer. Therefore,
we examined the effect of adjuvant treatment on oncological
outcomes according to the kind and number of clinicopathologic
HRF in pT3NO colorectal cancer.

METHODS

Patients population
This study included 1,205 patients with pathologically proven
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pI3NO colon cancer from January 2012 to December 2016 who
underwent curative surgical resection. Among 8,786 patients
who received elective surgical resection for primary colorectal
cancer during the study period, patients with synchronous
distant metastasis (n = 1479), other concurrent malignancies
(n = 208), synchronous or metachronous colorectal cancer
(n = 160), patients treated with neoadjuvant treatment (n =
090), stage other than pT3NO (n = 3,897), without standard
radical resection (n = 349), patients with inaccurate staging (n
= 18), rectal cancer (n = 424), and lack of record of adjuvant
chemotherapy treatment status (n = 5) were excluded (Fig.
1). The study protocol was approved by the Institutional
Review Board of Asan Medical Center (No. 2170-0955), and the
requirement for informed consent was waived. The study has
been reported according to the STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology) guidelines.

Adjuvant treatment and surveillance
Adjuvant chemotherapy was recommended for patients who

had more than one of the following HRF: bowel obstruction,
localized perforation, <12 LNs examined, LVI, PNI, PD/UD, and
resection margin involvement. The administration of adjuvant
chemotherapy was finally decided after an interview between
each patient and a medical oncologist to consider the risks and
benefits.

Stage IV (n =1,479)

Impossible to stage evaluation (n = 18)

Neoadjuvant treatment (n = 996)

Rectal cancer (n = 424)

Familial colorectal cancer (n = 36)

Extended resection (n = 77)

No record of
adjuvant chemotherapy status (n = 5)

Fig. 1. Patient selection.
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The adjuvant chemotherapy regimen included fluorouracil (5-
FU)/leucovorin (425 mg/m? and 20 mg/m? per dose, respectively,
for 5 days), FOLFOX (5-FU/leucovorin/oxaliplatin; 2,800 mg/
m?, 400 mg/m2, and 85 mg/m? per dose, respectively), oral
capecitabine (1,250 mg/m? twice a day for a maximum of 14 days),
and XELOX (capecitabine/oxaliplatin; 1,000 mg/m? twice a day
for a maximum of 14 days and 130 mg/m? on day 1, respectively).
When the early period of study, some patients received uracil and
tegafur (UFT) plus leucovorin regimen consisting of five 28-day
cycles of oral UFT 300 mg/m%d and oral leucovorin 90 mg/day in
3 divided doses.

Postoperative surveillance consisted of physical examination,
serum CEA, laboratory test, and/or chest radiographs (every 3-6
months), abdominopelvic CT (every 6 months), and chest CT
(every 6-12 months). Colonoscopy was done every 2 to 3 years
after surgery. In cases with preoperative bowel obstruction,
colonoscopy was performed 3 to 6 months after surgery. PET
and MRI were considered for patients with suspected abnormal
findings in scheduled postoperative surveillance with
abdominopelvic/chest CT.

Statistical analysis
The primary endpoint was overall survival (OS) and

recurrence-free survival (RFS). RFS was the interval between
the operation date and the diagnosis date of relapse. OS, the
interval between the surgery and the date of any cause of
death, was also evaluated according to adjuvant chemotherapy
receipt. Descriptive statistics of clinicopathological variables
were presented as mean =+ standard deviation (SD) or with
range. Patients were categorized into 2 groups; the adjuvant
chemotherapy and the no adjuvant chemotherapy groups,
according to whether adjuvant chemotherapy was applied.
Continuous variables were compared using the Student t-test.
Categorical variables were examined with the chi-square test,
Fisher exact test, or the Mann-Whitney test. According to the

number of HRFs, patients were also compared in terms of OS
and RFS among groups with no HRF, one HRF, or more than 2
HRE.

The Kaplan-Meier method was used for OS and RFS analysis,
and data were compared using the log-rank test between the
adjuvant and no adjuvant groups, as well as according to the
existence of HRF. Cox regression analysis was performed to
assess the prognostic impact of the risk factors on RFS and
OS. The results were considered statistically significant if the
P-value was less than 0.05. Data analysis was done with IBM
SPSS Statistics ver. 27.0 (IBM Corp.).

RESULTS

Clinicopathologic characteristics and treatment of

patients
A total of 1,205 patients were included. The mean age with

SD was 63 = 12 years (24-94 years); 699 patients (58.0%) were
males. The mean number of harvested LNs was 28 (4-86). In
13 cases (1.1%), <12 LNs were harvested. LVI and PNI were
observed in 286 (23.7%) and 191 patients (15.9%), respectively.
For tumor differentiation, poorly differentiated tumors were
found in 43 cases. Among the 360 patients (30.4%) with
preoperative obstruction, 292 (79.8%) had an endoscopy, and 74
(20.2%) presented complete symptomatic obstruction. A total of
11 patients (0.9%) had resection margin involvement.

Among the patients, 751 (62.3%) had at least 1 risk factor,
and 515 (42.7%) received adjuvant chemotherapy (Table 1). HRFs
were significantly more common in the adjuvant chemotherapy
group. Adjuvant chemotherapy was given in 66% of patients
with more than 2 HRFs and 56.7% of those with one HRF,
while 40.3% of patients with HRF did not receive adjuvant
chemotherapy. Adjuvant chemotherapy was administered in
22.9% of patients without HRF. The chemotherapy regimens
varied; 145 patients received 5-FU/leucovorin, 169 received

Table 1. Patients’ characteristics according to the number of HRFs

Characteristic No HRF

No. of patients 554
Age (yr) 63 (25-92)
Sex

Male 330 (59.6)

Female 224 (40.4)
Location

Right colon 267 (48.2)

Left colon 287 (51.8)
Examined LN 8 (12=74)
MSI-H 6(11.9)
Adjuvant chemotherapy 127 (22.9)

Values are presented as number only, mean (range), or number (%).

1 HRF >2 HRFs P-value
451 200
64 (24-94) 65 (27-89) 0.229
0.472
253 (56.1) 112 (56.0)
198 (43.9) 88 (44.0)
0.360
197 (43.7) 2 (46.0)
254 (56.3) 108 (54.0)
9 (8-86) 8 (4-81) 0.274
58 (12.9) 8 (14.0) 0.073
256 (56.8) 132 (66.0) <0.001

HRF, high-risk feature; LN, lymph node; MSI-H, microsatellite instability-high.
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FOLFOX, 128 received capecitabine, 42 received UFT-E/
leucovorin, and type of regimens was not known in 31 patients.
In the chemotherapy group, 256 patients had a single risk factor.
Bowel obstruction is the most common single HRF (113, 44.1%)
in patients treated with adjuvant chemotherapy, followed by LVI
(98, 38.3%) and PNI (35, 13.7%). LVI was the most common HRF
type in patients with multiple risk factors followed by clinical
obstruction, and PNI (Table 2). The mean follow-up duration of
the cohort was 49 + 22 months.

The 5-year recurrence-free survival and overall

survival according to individual high-risk feature
The 5-year RFS and the OS rates in the cohort were 92%

and 91.4%, respectively. Patients who received adjuvant
chemotherapy showed similar RFS to those who did not
receive adjuvant chemotherapy. Patients treated with adjuvant
chemotherapy, however, had higher OS rate in survival analysis
than those without adjuvant chemotherapy (Fig. 2). The

Table 2. Type of HRFs according to patients with number of
HRFs

Variable 1 HRF >2 HRFs
(n=451) (n=200)

<12 LNs examined 7 (1.6) 6 (3.0
LVI 129 (28.6) 156 (78.0)
PNI 5(14.4) 124 (62.0)
Poorly/undifferentiated 3 (2. ) 0 (15.0)
Preoperative obstruction 235 (52. 131 (65.5)

Margin involvement 7 (1. ) 4(2.0)

HRF, high-risk feature; LN, lymph node; LVI, lymphovascular
invasion; PNI, perineural invasion.
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5-year RFS and OS were compared according to the existence
of individual HRF (Fig. 3). PNI and bowel obstruction were
significantly associated with RFS and OS. Margin involvement
of tumor and LVI reduced RFS, but neither was associated with
OS. Less than 12 LNs examined, and poorly/undifferentiated
tumors were not associated with either RFS or OS. In the cases
with LVI, PNI, or bowel obstruction, the adjuvant chemotherapy
group had improved OS. However, RFS was not increased with
adjuvant chemotherapy in patients with any kind of HRF,

Considering individual type of HRF, PNI, margin involvement
of tumor, and age were confirmed as independent risk factors of
reduced RFS in multivariate analysis. Age, PNI, and obstruction
were risk factors for reduced OS (Table 3). Considering the
number of HRFs, multiple HRFs was confirmed as a significant
factor for both RFS and OS. Adjuvant chemotherapy was not
associated with both RFS and OS when type and number of
HRFs were considered as covariates (Table 3).

Oncologic outcomes and impact of the number
of high-risk features according to adjuvant

chemotherapy treatment
The 5-year RFS and OS were significantly different according

to the number of HRFs. The 5-year RFS was 93.9% in patients
with 0-1 HRF and 83.4% in those with =2 HRFs. The 5-year
OS rates were 91.8% and 81.7% for patients with 0-1 HRF
and =2 HRFs, respectively. The patients with 0 or 1 HRF
showed similar results, but patients with =2 HRFs showed
significantly lower 5-year RFS and OS (Fig. 4) in overall cohort.
The impact of the number of HRFs on RFS and OS according
to adjuvant chemotherapy receipt was evaluated. Multiple
HRF was confirmed as an associated factor with both RFS and
OS in patients who did not receive adjuvant chemotherapy
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Fig. 2. Recurrence-free survival (A) and overall survival (B) according to adjuvant chemotherapy in T3NO colon cancer.
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Fig. 3. Recurrence-free survival (A-F) and overall survival (G-L) according to each type of high-risk features. PNI and
obstruction showed significant association with recurrence-free survival and overall survival. LVI, lymphovascular invasion;
PNI, perineural invasion; Margin, margin involvement by tumor; LN, lymph node; WD, well differentiated; MD, moderately

differentiated; PD, poorly differentiated.

(Table 4) and it was the single associated factor with RFS. In

patient treated with adjuvant chemotherapy, multiple HRFs

was associated with RFS, but it was not associated with OS in

multivariate analysis (Table 4).

DISCUSSION

Adjuvant chemotherapy improved the OS rate but was not

related to better RFS in the patients with T3NO colon cancer
included in this study. More than 2 HRFs, which is a criterion
that guides the decision of adjuvant chemotherapy, was a
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Table 3. Clinicopathologic factors associated with recurrence-free survival and overall survival

Recurrence-free survival

Overall survival

Variable Univariate Multivariate Univariate Multivariate

HR P-value HR (95% CI) P-value HR P-value HR (95% Cl) P-value
Age 1.022 0.034 1.020 (0.998-1.046) 0.048 1.094 <0.001 1.086 (1.063-1.109) <0.001
Sex 0.834 0.426 0.944 0.760
<12 LNs examined 0.049 0.521 0.784 0.809
PD 1.355 0.560 1.278 0.593
LVI 0.641 0.035 1.307 (0.836-2.135) 0.285 1.228 0.328
PNI 2.868 <0.001 2.607 (1.598-4.252) <0.001 2.336  <0.001 2.084 (1.382-3.141) <0.001
Margin involvement 5.988 0.002 7.310(2.266-23.579)  0.001 1.167 0.878
Preoperative obstruction 1.579 0.044 1.494 (0.957-2.333) 0.077 0.711 0.004 1.617 (1.111-2.355) 0.012
Adjuvant Chemotherapy 1.116 0.621 0.561 0.004 0.852 (0.554-1.309) 0.466
>2 HRFs 2.956 <0.001 2.855(1.812-4.498) <0.001 2.055 <0.001 1.860 (1.215-2.847) 0.004

HR, hazard ratio; Cl, confidence interval; LN, lymph node; PD, poorly differentiated; LVI, lymphovascular invasion; PNI, perineural

invasion; HRF, high-risk feature.
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Fig. 4. Recurrence-free survival and overall survival according to the number of high-risk features (HRFs). Groups with >2
HRFs showed significantly lower recurrence-free survival and overall survival than those with 0-1 HRF.

significant risk factor for worse RFS and OS. The impact of
adjuvant chemotherapy on OS was sustained regardless of the
number of HRFs, based on the results of the present study.

We only included patients with T3NO colon cancer because
the prognostic impact of T4 disease in patients without LN
metastasis has been well demonstrated, and the benefit of
adjuvant chemotherapy for these patients has been defined.
Our focus was to determine adequate guidance for adjuvant
chemotherapy in T3NO colon cancer patients with relatively
favorable prognoses.

The prognostic benefit of adjuvant chemotherapy in stage II
cancer has been controversial in many previous reports. Some
reported that a clear OS benefit of adjuvant chemotherapy had

not been shown for stage II colon cancer [1,14-17], and some
studies reported higher survival outcomes of stage 1I colorectal
cancer with adjuvant chemotherapy in subgroups of patients
[17-19]. Studies reporting prognostic improvement with adjuvant
chemotherapy indicate that this benefit was mainly seen in the
subgroup of patients with T4 disease [4,20,21]. However, it is
difficult to evaluate the role of adjuvant chemotherapy in T3NO
colon cancer. Recently, a study including only stage IIA colon
cancer from 2010 to 2015 from the national cancer database
reported an estimated 5-year OS benefit of 11.3% with adjuvant
chemotherapy in patients with high-risk pathological features.
However, the influence on recurrence-related outcomes was
not evaluated. The 5-year disease-free survival was reported
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Table 4. Risk factors of recurrence-free survival and overall survival based on the number of HRFs according to adjuvant

chemotherapy
Recurrence-free survival
Variable Univariate
HR (95% ClI)
Patients who were not treated with adjuvant chemotherapy
Age 1.012
Sex 1.044
Location 0.971
>2 HRFs 3.839 (1.934-7.619)
Univariate Multivariate
HR P-value HR (95% Cl)

Patients treated with adjuvant chemotherapy

Age 1.043 0.100 1.038 (1.005-1.072)
Sex 0.642 0.192
Location 0.990 0.744
>2 HRFs 2.617 0.003  2.386(1.265-4.510)

HRF, high-risk feature; HR, hazard ratio; Cl, confidence interval.

as about 68% to 83% in stage II disease after surgical resection
alone [22], and these favorable oncological outcomes have
restricted the opportunity for adjuvant chemotherapy to play
a role. The OS has been reported to be higher than 70% in
recent studies [17,23,24]. In the present study, the 5-year RFS
and OS, which are higher than 90%, are even better. However,
oncologic outcomes showed difference according to the number
of HRFs although overall oncologic outcomes in stage II is quite
favorable. We showed that 5-year RFS and OS are significantly
lower in patients with more than 2 HRFs. Therefore, we can
assume that decision-making regarding adjuvant chemotherapy
for stage 1IA colon cancer needs to consider the number of
HRFs. A study with the SEER (Surveillance, Epidemiology, and
End Results) database showed that OS decreased according to
the number of HRFs; 78.4% for patients with no HRF, 71.99%
for those with one HRF, and 59.24% for those with more than 2
HRFs, which is worse than the OS of stage III disease, which is
reported to be 64.68% [23]. The detrimental effect of multiple
HRFs on OS was also demonstrated in another study using
data from the SEER database from a different period [14]. The
International Duration Evaluation of Adjuvant Chemotherapy
Collaboration data also reported that the 5-year disease-free
survival was 74.8% for stage 1I patients with 2 or more HRFs,
compared with 873% for patients with one HRF [25]. However,
adjuvant chemotherapy improved OS and did not improve RFS
regardless of the number of HRFs in the present study.

This confusing result may be caused by a combination
of various factors. Low compliance with the adjuvant
chemotherapy administration guidelines in stage II disease
may be a contributing factor. In many reports, adjuvant

Overall survival

Univariate Multivariate
P-value HR P-value HR (95% Cl) P-value
0.394 1.100 <0.001 1.094 (1.064-1.122) <0.001
0.890 0.926 0.737
0.922 0.747 0.198
<0.001 3.374 <0.001 1.994 (1.158-3.435) 0.013
Univariate Multivariate
P-value HR P-value HR (95% CI) P-value
0.022 1.079 <0.001 1.076 (1.038-1.116) <0.001
0.991 0.979
0.722 0.322
0.007 1.853 0.066 1.567 (0.806-3.045) 0.186

chemotherapy was given to less than 40% of patients with stage
II disease, and even patients without HRF received adjuvant
chemotherapy in around 10% of cases [14,17,23,26,27]. In the
current study, adjuvant chemotherapy was given at a greater
proportion than in previous reports. Even so, 40.3% of patients
with HRF did not receive adjuvant chemotherapy, and 22.9% of
those without HRF received adjuvant chemotherapy. Therefore,
the effect of adjuvant chemotherapy based on prognostic
risk features would not be clearly presented. This overall low
obedience to the guidelines may be caused by the uncertainty
of the benefits of adjuvant chemotherapy. The decision to give
chemotherapy depends on risk-to-benefit consideration, and a
lack of evidence revealing the benefit of adjuvant chemotherapy
makes physicians and patients reluctant to proceed with
adjuvant chemotherapy, with the toxicity of the adjuvant
chemotherapy and age being the commonly considered criteria
[28].

Another factor is that HRF included in various studies
differed. Some studies did not include the recommended HRF
[14,23], while some included other clinicopathologic features
such as location, age, microsatellite instability status, and tumor
deposit [17,29].

The weight of the prognostic importance of individual HRF
is also often considered the same, although evidence suggests
that the influence of each HRF as a prognostic factor varies.
Studies regarding the prognostic importance of HRF in cases
other than with T4 disease showed high heterogeneity and low
levels of evidence [4,30]. Histological differentiation, inadequate
LN evaluation, and margin involvement were not sufficiently
studied, or the results were contradictory. The small proportion
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of patients with these HRFs may contribute toward inconsistent
reporting. The proportion of patients with <12 LNs was
reported to be approximately 10% [14,17]. The proportion with
margin involvement and poor differentiation was also very low
[14,17,23]. A study assessing the survival benefit of adjuvant
chemotherapy in patients with colon cancer with <12 LNs
harvested reported that 23.3% of patients had inadequate LNs
harvest [16]. The small number of events limited the usefulness
of <12 LNs harvested as an HRF. In the present study, the
proportions of <12 LNs harvested, poor differentiation, and
margin involvement were reported as 1.1%, 3.5%, and 0.9%,
respectively.

Although LVI and PNI are generally accepted pathologic HRFs
[26,27], there have also been controversial data regarding the
benefit of adjuvant chemotherapy for patients with LVI or PNI.
The variability of diagnostic accuracy caused interobserver
variance. Different diagnostic methods for LVI and PNI may also
result in prognostic inconsistency. In this study, PNI was the
strongest prognostic HRF for both OS and RFS. It has been widely
reported that the presence of PNI would indicate more aggressive
clinicopathologic features, resulting in poor prognosis in
colorectal cancer, and some previous studies found that PNI could
be an indicator recommending chemotherapy in colon cancer
[26,27]. In the present study, patients with LVI or PNI showed
improved OS with the addition of adjuvant chemotherapy. This
suggests that LVI and PNI can be potential predictors of adjuvant
chemotherapy outcomes in T3NO colon cancer.

Although HRF showed mixed results in terms of adjuvant
chemotherapy benefits, a consistent positive effect of adjuvant
chemotherapy was found for RFS and OS for bowel obstruction
[4,29]. In this study, bowel obstruction was a significant
negative risk factor for OS, and adjuvant chemotherapy
benefited OS in these patients (97.5% vs. 73.9%, P = 0.002).
Although not statistically significant, bowel obstruction was
associated with decreased RFS. The oncological benefit of
adjuvant chemotherapy was confined to improvement of the
OS and did not appear to impact RFS. As mentioned above, we
must consider the general performance status to determine
adjuvant chemotherapy. Patients treated given adjuvant
chemotherapy may have had better general conditions, which
could be associated with better OS. Therefore, we have adapted
the results of previous studies carefully because improvement
in OS may not be entirely due to adjuvant chemotherapy.

This study has some limitations. Because it is a retrospective
study, it may include selection bias. We cannot ascertain
exactly why patients who had HRF did not receive adjuvant
chemotherapy. In addition, completion of chemotherapy and
adjuvant chemotherapeutic regimen was not included in the
analysis because of missing data. We did not conduct a central
review of pathological HRF in which interobserver variation
was involved in the diagnosis. However, this study included

a relatively large real-world cohort with long-term follow-up
and access to HRF with institutional standards. The study
results should be helpful for practitioners to understand the
current status and benefit of adjuvant chemotherapy for T3NO
colorectal cancer. In conclusion, considering the results, we
can identify that individual HRF possess different prognostic
importance, and current guidelines, where all HRFs are treated
as having the same level of importance, need to be reevaluated.
We have to stratify each risk factor in terms of the prognostic
impact and stratify patients with T3NO according to the risk of
poor oncological outcomes. This tailored stratification would
result in the effective use of adjuvant chemotherapy, which
can induce oncological improvement. It will also be helpful
to optimize and differentiate chemotherapeutic regimens
according to the prognosis.
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