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Purpose: Patients with stage | colorectal cancer (CRC) rarely experience recurrence after curative resection. Therefore,
the risk factors for stage | CRC recurrence are yet to be established. We aimed to identify risk factors for stage | CRC
recurrence.

Methods: MEDLINE, Embase, and Cochrane Library were searched for articles published between 1990 and 2022. The
pooled proportions and hazard ratios (HRs) were calculated. Fixed- or random-effect models were considered based on
heterogeneity, using Cochran’s Q-statistic and the I>-test.

Results: Nine studies involving 19,440 patients were included. Nine analyzed risk factors were identified. T2 stage (pooled
HR, 2.070; 95% confidence interval [CI], 1.758-2.438; P < 0.001; I°=0.0%), lymphovascular invasion (HR, 1.685; 95% ClI,
1.420-1.999; P < 0.001; I” = 0.0%), venous invasion (HR, 1.794; 95% Cl, 1.515-2.125; P < 0.001; I* = 0.0%), CEA level (HR,
1.472; 95% Cl, 1.093-1.983; P = 0.011; I’ = 1.8%) and rectal cancer (HR, 2.981; 95% Cl, 2.378-3.735; P < 0.001; I’ = 0.0%)
were risk factors for the recurrence. However, the risk of recurrence in right-sided colon cancer was lower than in left-
sided colon cancer. (HR, 0.712; 95% Cl, 0.537-0.944; P = 0.018; I> = 0.0%). No statistically significant differences were
observed in the number of harvested lymph nodes, age, and sex.

Conclusion: T2 stage, lymphovascular invasion, venous invasion, CEA level, rectal cancer, and left-sided colon cancer were
risk factors for recurrence in stage | CRC. Intensive monitoring and surveillance are warranted for patients with high-risk
features of recurrence.

[Ann Surg Treat Res 2025;108(1):39-48]
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INTRODUCTION

The global burden of colorectal cancer (CRC) remains
significant and is expected to increase, necessitating effective
strategies for its management [1,2]. Regular screening effectively

reduces CRCrelated deaths [3]. Consequently, the proportion
of patients with stage I CRC has also increased due to the
introduction of regular screening [4,5]. Although stage I CRC has
a good prognosis, a subset of patients experience recurrence.
The recurrence rate for patients with stage I CRC who have risk
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factors for recurrence is as high as for patients with stage 1I-11I
CRC [6]. The recurrence-free survival rate for patients with high-
risk stage I CRC was less than 80%. In addition, the prognosis of
patients with stage I CRC who experience recurrence has been
as poor as that of patients with advanced disease [7]. Therefore,
a study on the risk factors for recurrence in stage I CRC is
necessary for tailored treatment and improved outcomes in
these patients.

Due to the low recurrence rate, there have been few studies
that have evaluated the risk factors for recurrence in stage I
CRC. The reported recurrence rate ranges from 2.9% to 10% [8-12].
Uncertainty persists regarding the risk factors for the recurrence
shared with stage II-III CRC. In addition, most studies on
this topic have been retrospective, presenting methodological
heterogeneity. Therefore, risk factors for recurrence in stage I
CRC are not well established. This systematic review and meta-
analysis aims to identify the risk factors for recurrence in stage
I CRC after curative resection.

METHODS

Eligibility criteria

Studies, with original data, on the risk factors for the
recurrence of stage I CRC and univariate Cox regression analysis
for recurrence-free survival in stage I CRC were included.
Studies published before 1990, case reports, reviews, and
those in languages other than English were excluded from
the initial screening. The following studies were excluded:
(1) studies involving patients who underwent preoperative
chemoradiotherapy, (2) those involving patients who underwent
adjuvant chemotherapy, (3) those involving patients without
data on univariate hazard ratios (HR) for stage I CRC recurrence,
and (4) those involving patients treated with local or trans-anal
excision.

Information sources and search strategy
This review was conducted according to the PRISMA

(Preferred Reporting Items for Systematic Review and Meta-
Analyses) guidelines [13]. MEDLINE, Embase, and the Cochrane
Library were searched for articles published from 1990 to 31
August 2022 on stage I CRC recurrence. A systematic search was
conducted using Medical Subject Headings terms and specific
search strategies (Supplementary Material 1). The study protocol
was published in the PROSPERO (International Prospective
Register of Systematic Reviews; CRD42022349258).

Selection process and publication bias
Two authors independently screened the abstracts and

conducted full-text reviews. Disagreements were resolved
through discussion. The Newcastle-Ottawa quality assessment
scale was used, and studies scoring 6 or higher were included

[14]. The visual funnel plot was used to assess the possibility of
publication bias.

Data collection process and data items
Two authors independently extracted data. The extracted data

included authors, publication year, country, single/multicenter
study, study design, number of patients, follow-up period, and
univariate HR analysis data for stage I CRC recurrence. All the
recurrence risk factors covered in each study were included.
Depending on the study, lymphovascular invasion was grouped
as lymphovascular or lymphatic invasion. In addition, factors
defined only as venous invasion were investigated separately.

Effect measures and synthesis methods
The meta-analysis was conducted using STATA software ver.

17.0. (Stata Corp). The primary outcomes were relevant risk
factors for the recurrence of stage I CRC. Risk factors addressed
in 3 or more studies were analyzed. Pooled proportions and HR
were calculated using the inverse variance method. Cochran's
Q-statistic and I-tests were used to evaluate the heterogeneity
of the included studies [15]. The fixed- and random-effects
models were used depending on the heterogeneity of the
included studies. A P-value of Q-test >0.10 or I’ <50% indicated
a lack of heterogeneity between studies, and a fixed-effects
model was used to calculate the pooled HR. Otherwise, a
random-effects model was applied, followed by a sensitivity
analysis to identify highly sensitive literature [16]. The
sensitivity analysis was performed using the leave-one-out
method, examining the results of K meta-analyses where K
studies were available for analysis. The final meta-analysis was
then conducted after excluding the highly sensitive literature. A
P-value of <0.05 was considered statistically significant.

RESULTS

Ethics statements
Approval from the Institutional Review Board was not

required because this study was a meta-analysis of published
studies, and informed consent was waived due to its
retrospective nature.

Study selection
The search retrieved 3,340 articles, 1,704 from PubMed, 1,554

from Embase, 10 from Cochrane Library, and 72 from manual
searching, After the initial screening, 210 records underwent
full-text review, with 9 studies meeting the eligibility criteria
(Fig. 1).

Study characteristics and risk of bias in studies
Nine studies involving 19,440 patients were included in this

systematic review. All the included studies were retrospective
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Identification of studies via databases and registers

observational studies. The Newcastle-Ottawa scale scores for
all included studies ranged from 6 to 9. The characteristics and
quality assessments of the included studies are presented in
Tables 1 and 2 [6,11,17-23].

Quantitative meta-analysis
In the investigation of factors influencing the recurrence

of stage I CRC, 15 relevant risk factors were identified. These
factors include the T-stage, lymphovascular invasion, venous
invasion, rectal cancer, sidedness, CEA level, differentiation,
tumor size, number of harvested lymph nodes, age, sex,
perineural invasion, tumor budding, laparoscopic surgery, and
body mass index. A meta-analysis was conducted on the factors
assessed in at least 3 studies. A quantitative meta-analysis
was conducted on 12 factors available for comprehensive
examination: T-stage, lymphovascular invasion, venous
invasion, rectal cancer, sidedness, CEA level, differentiation,
tumor size, number of harvested lymph nodes, age, and sex.

Identification new studies
c (n =3,340) Records removed before
S Via electronic database (n = 3,268) screening (n = 3,130)
3 PubMed (n = 1,704) R Duplicate records removed
= Embase (n = 1,554) e (n=673)
g Cochrane (n = 10) Records marked as ineligible
= Additional hand-searched (n =2,457)
records (n =72)
A
Recordi screened » Records excluded (n = 201)
(n=210) Different diagnosis (n = 36)
Absence of data on stage | (n = 117)
N < 30 of stage | patients (n = 5)
Absence of data on outcome (n = 25)
Duplication (n = 1)
Full text not available (n = 17)
2
fe
:
O
n A
Reports assessed for eligibility
(n=9)
—_— A 4
°
§ Studies included in review
E (n=9)

Fig. 1. A PRISMA (Preferred
Reporting Items for Systematic
Reviews and Meta-Analyses) flow
diagram of the literature search.

Tumor size was excluded from the analysis because each study
applied a different cut-off value. Differentiation could not be
analyzed because of statistical asymmetry. Ultimately, the meta-
analysis was carried out on 9 risk factors.

Results of synthesis

T-stage

The relationship between T-stage and the recurrence risk of
stage I CRC was reported in 6 studies. The results showed that
T2 stage had a higher risk of recurrence than T1 stage (HR, 2.070;
05% confidence interval (CI) = 1.758-2.438; P < 0.001). There
was no heterogeneity among the 6 included studies (I* = 0.0%;
P = 0.487), and a fixed-effects model was applied (Fig. 2A, 3A).

Lymphovascular invasion
The impact of lymphovascular invasion on the recurrence

of stage I CRC was discussed in 5 studies. Due to substantial

Annals of Surgical Treatment and Research

41



Annals of Surgical Treatment and Research 2025;108(1):39-48

‘Aienb y3iy wasaidas ¢

JO 591025 pue ‘Ajijenb ajeipawIalul B1BDIPUI £ PUB 9 UBIM]D( S2I0DS ‘Ali|enb Mo| paiapisuod ale 9 MO[a(] $2100§ “6 SI 2100s winwixew ay| sjuiod ( sajouap XL pue quiod | sajousp x

N OO N OUNNOO

e1o)

PEIS

X X X
X X X
% % X
% * *
* * X
X % X
X X X
2% 3% x
* * X
yi8ua| Koenbape
dn-mojjo4 dn-mojjoq JUSWISSISSY
awodINQ
L] [ ]
L[] [ ] [ ]
[ ]
L] [ ] L]
L]
[ ] L]
[ ] [ ] [ ] L]
[ ]
L]
98y N7 poisoAlel  ssauspl§  UONEIOT

¥x X ¥ x x 20T [9] e 10 tn3jng
xx x x X X 120z [€2] e e emezO
X¥ X 3 X X 070t [zl “jee ning
xx x X X X 6107 [12] | ¥ uasshio
KX X X X X 810T [81] "|e 10 997
xx ¥ x x 3% 810z [0T] " 10 ewednoy
xx X ¥ X X £10¢ [£1] "o 10 097
81 X X x X £10T [61] "[e30 NI
*X X X * X 910t [LL] e 32 uo[aL
N[ERIE Ve uondajap ainsodxy WEIoR [FEE0 e ssauaAneuasaIday
\AH___DMLMQEOU Jou 2WodINO JO uo}d9|as 1eoA \A_U:Hm
uo123|9s

Jjusuissasse \ﬁ__m:U 9|eds eMeP()-9[ISeIMaIN JO s}jnsal ayj Jo \CMEEDW ‘¢ 9lqeL

"apou ydwA| ‘N7 ‘uoiseaur snouaa ‘|A ‘uoiseaul JejnoseroydwA| ‘| A7 {eUOnBAISSqO 9ANDads081 ‘OY

o o . o L 6652 oy uede( zz0z [9] "e 30 1myng
° ° ° 804 6.8°'S (@)] uede( 170¢ [€T] "|e 10 emez(
o o V/N 7¥8 (@)] uede( 070z [cz] e 1ing
° ° o VLS 6LS (@)] S9jelS payiun 610¢ [12] "[e 1o uasshia]
V/N ¥OL’L (O] eljensny  810¢ [81] "[e 1o 997
o ° §'LS €9 oY uede( 8107 [02] ‘|e 19 eweAnoy|
° ° ° 869 098 oY Baloy /10¢ [£1] "|e 19 997
€8¢ 048 (@) eulys Z10c¢ [61] "|e = NI
° '8¢ €611 (@) eljensny 910¢ [LL] e 3o uxolaL
V1D IA INT  98els-]  (ow) dn-mojjo4 suaned jo oN  udisaQ AunoD Jeap Apmis

Apnis yoea ul Si0)0r) pazAjeue-elaw ¢ pue SaIpns Jo soNsLaloRIeYD) “| 3R]

42



Sung Hwan Hwang, et al: Risk factors for stage I colorectal cancer recurrence

heterogeneity, a random-effects model was applied. A
subsequent sensitivity analysis revealed that removing a
study by Leijssen et al. [21] reduced the I’ to 0.00% (P = 0.669).
Excluding each of the remaining 4 studies resulted in I*-
values ranging from 58.03 to 84.88. Among these relatively
homogeneous studies, lymphovascular invasion was identified
as a risk factor for recurrence (HR, 1.685; 95% C1,1.420-1999; P
< 0.001) (Fig, 2B, 3B).

Venous invasion

The effect of venous invasion on the recurrence of stage I
CRC was described in 5 studies. Venous invasion was associated
with the recurrence of stage I CRC (HR, 1.794; 95% CI, 1515—
2.125; P < 0.001). Taking heterogeneity into consideration, a
fixed-effects model was used for the analysis (I’ = 0.0%; P =
0.788) (Fig. 2C, 3Q).

CEA

The impact of CEA level on the recurrence of stage I CRC
was discussed in 3 studies. CEA level was associated with the
recurrence of stage I CRC (HR, 1.472; 95% CI, 1.093-1983; P =
0.011). As no distinct heterogeneity was found, a fixed-effects
model was used for analysis (I* = 1.8%; P = 0.166) (Fig. 2D, 3D).

Rectal cancer

Six studies reported differences between colon and rectal
cancers. Patients with stage I rectal cancer had a higher risk of
recurrence than those with stage I colon cancer (HR, 2.981; 95%
Cl, 2378-3.735; P < 0.001). No heterogeneity was seen among
the 6 studies included (I = 0.0%; P = 0.442). A fixed-effects
model was therefore used for analysis (Fig. 2E, 3E).

A Hazard ratios
Study with 95% CI  Weight (%)
Teloken, 2016 L — 1.87 [0.99-3.54] 6.57
Lee, 2017 2.12[0.96-4.67] 4.26
Leijssen, 2019 5.56 [1.55-19.94] 1.63
Fujii, 2020  — 2.71[1.34-5.49] 5.36
Ozawa, 2021 - 2.26[1.73-2.95] 37.44
Fukui, 2022 -m- 1.82[1.43-2.32] 44.74
Overall ) * 2.07 [1.76-2.44]
Heterogeneity: 1> = 0.00%, H* = 1.00
Testof 6, = 6:: Q(5) = 4.44, P =0.49

! ]
Testof 6 =0:z=8.74, P =0.00 12 4 8716
Fixed-effects inverse-variance model
B Hazard ratios
Study with 95% ClI  Weight (%)
Lee, 2017 _— 2.63[1.08-6.41] 3.69
Kouyama, 2018 1.11[0.16-7.77] 0.77
Ozawa, 2021 e 2 1.77 [1.36-2.30] 4247
Fukui, 2022 - 1.58[1.25-2.00] 53.07
Overall * 1.68 [1.42-2.00]
Heterogeneity: t° = 0.00,1° = 0.00%, H’ = 1.00
Test of 0, = 0;: Q(3) = 1.56, P = 0.67 B L S
Testof 0 = 0: z = 5.97, P = 0.00 14121 2 4
Random-effects REML model
C Hazard ratios
Study with 95% Cl  Weight (%)
Kouyama, 2018 1.80[0.29-11.11] 0.86
Leijssen, 2019 1.83[0.24-13.98] 0.69
Fujii, 2020 e 2.74 [1.42-5.28] 6.63
Ozawa, 2021 - 1.74[1.34-2.26] 41.83 . o
Fukui, 2022 - 1.74[1.37-2.21] 49.98 Fig. 2. Forest plots depicting
Overall . 1.79 [1.52-2.12] (A) T-stage, (B) lymphovascular

Heterogeneity: I = 0.00%, H” = 1.00
Test of 6, = 6,; Q(4) = 1.71, P = 0.79 SRS
Test of 0 = 0: z = 6.78, P = 0.00 Va1z1 2 4.8

Fixed-effects inverse-variance model

invasion, (C) venous invasion, (D)
carcinoembryonic antigen, (E)
rectal cancer, and (F) right-sided
colon cancer. Cl, confidence
interval.
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Fixed-effects inverse-variance model

Sidedness

The difference in recurrence between right- and left-sided
colon cancers was investigated in 4 studies. Patients with right-
sided stage I colon cancer had a lower risk of recurrence than
those with left-sided stage I colon cancer (HR, 0.712; 95% CI,
0537-0944; P = 0.018). There was no heterogeneity among the
4 included studies (> = 0.0%; P = 0578), and a fixed-effects
model was applied (Fig. 2F, 3F).

Number of harvested lymph nodes/age/sex

No statistically significant differences were observed in the
number of harvested lymph nodes (HR, 0.863; 95% CI, 0.678—
1.099; P = 0.234), age (HR, 1.028; 95% CI, 0.861-1.228; P = 0.758)
and sex (HR, 1.181; 95% CI, 0.982-1.421; P = 0.077).

DISCUSSION

The risk factors for recurrence in stage I CRC after curative

Fig. 2. Continued.

resection have not been well established because of its
favorable prognosis compared with advanced CRC. However,
with the increasing number of patients with stage I CRC, it has
become necessary to predict the possibility of recurrence and
identify the recurrence risk factors of stage I CRC. The reported
risk factors for stage I CRC recurrence vary among the studies.
The risk factors that have been widely studied include T2 stage,
lymphatic and venous invasion, rectal cancer, elevated serum
CEA level, and perineural invasion [17,24,25]. In the current
study, T2 stage, lymphatic invasion, venous invasion, CEA level,
rectal cancer, and left-sided colon cancer were risk factors for
the recurrence of stage I CRC. The results of the current study
indicated that the risk factors demonstrated a similar pattern
to those observed in the advanced stages of CRC. Among the
well-known risk factors for CRC recurrence, differentiation and
perineural invasion were not analyzed in the current meta-
analysis.

The prognostic value of lymphovascular invasion and venous
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Fig. 3. Funnel plots depicting (A) T-stage, (B) lymphovascular invasion, (C) venous invasion, (D) CEA, (E) rectal cancer, and (F)

right-sided colon cancer. Cl, confidence interval.

invasion in patients with stage I CRC has not yet been fully
established. In the current meta-analysis, lymphovascular
invasion and venous invasion were risk factors for stage I CRC
recurrence. Lymphovascular invasion and venous invasion
are histopathological findings that are considered to be an
early step in the systemic dissemination of cancer cells, and
they are associated with a poor prognosis in CRC [26-28]. In
the recurrence pattern of stage I CRC, local recurrence is rare,
and systemic recurrence is the main recurrence pattern [11].
Therefore, lymphovascular invasion and venous invasion are
believed to be a significant risk factor for recurrence.

Tumor location is a factor that has a significant influence on
CRC recurrence. Rectal cancer has a higher risk of recurrence
than colon cancer [29,30]. Consistent with previous studies,

the risk of recurrence of stage I rectal cancer was higher than
that of stage I colon cancer. The prognosis of rectal cancer is
poor due to surgical difficulties caused by anatomical factors
such as a narrow pelvis and a complex lymphatic drainage
pattern [31]. Moreover, this also appears to apply to stage I
CRC. In the current meta-analysis, right-sided stage I colon
cancer demonstrated a lower risk of recurrence than left-sided
stage I colon cancer. Generally, right-sided colon cancers have a
worse prognosis than left-sided colon cancers [18,32]. However,
patients with right-sided colon cancer are significantly older
and have poorly differentiated and locally advanced tumors
[19,33,34]. For this reason, the prognoses of right-sided and
left-sided colon cancers were difficult to compare directly.
However, the 5-year recurrence-free survival rate of right-sided
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colon cancer was significantly higher than that of left-sided
colon cancer in a propensity-matched study [35]. In addition,
right-sided colon cancer represents a significantly low tumor
recurrence rate in early-stage colon cancer [36]. Consistent
with previous studies, left-sided colon cancer was a risk
factor for stage I CRC recurrence in the current study. Right-
sided colon cancer and left-sided colon cancer are considered
distinct cancers, and their different characteristics are thought
to be attributable to variances in embryologic origin, fecal
exposure, and detection time of tumor [37]. Further research
is needed to evaluate the differences in sidedness by using
clinicopathological and genetic factors in stage I colon cancer.

Perineural invasion is an independent risk factor for CRC
recurrence [38,39]. However, only 2 studies have investigated
perineural invasion as a risk factor for stage I CRC recurrence.
Therefore, we could not perform a meta-analysis of perineural
invasion. The rate of positive perineural invasion increases
with the CRC stage; however, the positive perineural invasion
rate in stage I CRC is very low [40,41]. For this reason, research
on perineural invasion in stage I CRC is lacking, and a large-
scale study of perineural invasion as a risk factor for stage I CRC
recurrence is warranted.

Differentiation is an established risk factor for CRC recurrence
[20,42]. However, Differentiation could not be analyzed because
of asymmetry. In a meta-analysis, the observed measure of the
treatment effect was assumed to follow a normal distribution
[43,44]. The original metric for the treatment effect in this study
was the HR, and thus it was transformed into the log metric for
normalization [45,40]. In the same context, the CI of the log HR
should be symmetric. However, variables such as differentiation
showed asymmetry beyond the most lenient tolerance to
determine CI asymmetry. Consequently, the analysis failed to
yield valid results. The number of individual studies and the
level of diversity in the studies may have contributed to this
failure.

Patients with stage I CRC rarely experience recurrence after
radical surgery. Colonoscopy performed 1 year after curative
surgery is recommended for these patients according to the
National Comprehensive Cancer Network guidelines [47].
However, the intensiveness of surveillance in stage I CRC is
similar to that of stage II-1II patients in the Japanese Society for
Cancer of the Colon and Rectum guidelines [48]. The purpose
of surveillance is for the early detection of local recurrence
or distant metastasis and treatment of recurrent disease. For
high-risk stage I CRC patients, more intensive surveillance
is warranted to effectively manage and mitigate the risk of
recurrence. In this context, emerging evidence suggests that
circulating tumor DNA (ctDNA) analysis could be a valuable tool
in monitoring high-risk patients [49,50]. Studies have shown
that ctDNA can detect minimal residual disease and predict
recurrence with high sensitivity and specificity. Incorporating

ctDNA analysis into postoperative surveillance protocols could
enhance the early detection of recurrence and facilitate timely
interventions, potentially improving survival outcomes for
high-risk stage I CRC patients.

The current study has several limitations. First, the number
of studies included was relatively small. Additionally, all the
included studies were retrospective in nature. Therefore, there
is a possibility of publication bias, and different definitions
were applied in each study. Next, perineural invasion and
differentiation which were the previously known risk factors
for CRC recurrence were excluded from the analysis for various
reasons. Additionally, patterns of recurrence could not be
analyzed due to the lack of reported results in the included
studies. Therefore, further high-quality research is necessary to
address these limitations and validate our findings. Based on
these results, customized surveillance and treatment strategies
for patients with these risk factors are suggested.

In conclusion, the T2 stage, lymphovascular invasion, venous
invasion, CEA level, rectal cancer, and left-sided colon cancer
are risk factors for the recurrence of stage I CRC. Intensive
monitoring and surveillance are warranted for patients with
high-risk features of recurrence.

SUPPLEMENTARY MATERIALS

Supplementary Material 1 can be found via https:/doi.
org/10.4174/astr.2025.108.1.39.

ACKNOWLEDGEMENTS

We are thankful to Hyun Jung Yi, a medical librarian at
Hanyang University Guri Hospital.

Fund/Grant Support

None.

Conflict of Interest
No potential conflict of interest relevant to this article was

reported.

ORCIDiD
Sung Hwan Hwang: https:/orcid.org/0009-0000-2134-6105

Seon-Hi Shin: https:/orcid.org/0000-0003-2682-0560
Yun Jin Kim: https://orcid.org/0000-0003-3202-2696
Jun Ho Lee: https://orcid.org/0000-0001-9651-4222

Author Contribution
Conceptualization, Investigation, Methodology: SHH, JHL

Formal Analysis: SHS, YJK
Writing — Original Draft: SHH, JHL
Writing — Review & Editing: All authors


https://doi.org/10.4174/astr.2025.108.1.39
https://doi.org/10.4174/astr.2025.108.1.39
https://orcid.org/0009-0000-2134-6105
https://orcid.org/0000-0003-2682-0560
https://orcid.org/0000-0003-3202-2696
https://orcid.org/0000-0001-9651-4222

REFERENCES

—

Sung Hwan Hwang, et al: Risk factors for stage I colorectal cancer recurrence

. Arnold M, Sierra MS, Laversanne M,

Soerjomataram I, Jemal A, Bray F. Global
patterns and trends in colorectal cancer
incidence and mortality. Gut 2017;66:683-
0l.

. Sung H, Ferlay ], Siegel RL, Laversanne M,

Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality
worldwide for 36 cancers in 185 countries.
CA Cancer ] Clin 2021:71:209-49.

. Pignone M, Rich M, Teutsch SM, Berg AO,

Lohr KN. Screening for colorectal cancer
in adults at average risk: a summary
of the evidence for the U.S. Preventive
Services Task Force. Ann Intern Med
2002;137:132-41.

. Gross CP, Andersen MS, Krumholz

HM, McAvay GJ, Proctor D, Tinetti ME.
Relation between Medicare screening
reimbursement and stage at diagnosis for
older patients with colon cancer. JAMA
20006;296:2815-22.

. Mandel JS, Bond JH, Church TR, Snover

DC, Bradley GM, Schuman LM, et al.
Reducing mortality from colorectal
cancer by screening for fecal occult blood.
Minnesota Colon Cancer Control Study. N
Engl ] Med 1993;328:1365-71.

. Fukui Y, Hida K, Hoshino N, Nishizaki

D, Okamura R, Yamauchi S, et al.
Identification of high-risk stage I colon
and rectal cancer patients: a retrospective
analysis of a large Japanese cohort. Int ]
Colorectal Dis 2022;37:1403-10.

7. Hassett MJ, Uno H, Cronin AM, Carroll

NM, Hornbrook MC, Fishman P, et al.
Survival after recurrence of stage I-1II
breast, colorectal, or lung cancer. Cancer
Epidemiol 2017:49:186-94.

. Keum MA, Lim SB, Kim SA, Yoon YS, Kim

CW, Yu CS, et al. Clinicopathologic factors
affecting recurrence after curative surgery
for stage I colorectal cancer. ] Korean Soc
Coloproctol 2012;28:49-55.

. Kobayashi H, Mochizuki H, Sugihara

K, Morita T, Kotake K, Teramoto T, et
al. Characteristics of recurrence and

10.

11.

12.

13.

surveillance tools after curative resection
for colorectal cancer: a multicenter study.
Surgery 2007:141:67-75.

Wichmann MW, Miiller C, Hornung HM,
Lau-Werner U, Schildberg FW; Colorectal
Cancer Study Group. Results of long-
term follow-up after curative resection of
Dukes A colorectal cancer. World ] Surg
2002;26:732-6.

Teloken PE, Ransom D, Faragher 1, Jones I,
Gibbs P, Platell C. Recurrence in patients
with stage I colorectal cancer. ANZ ] Surg
2016;86:49-53.

Paik JH, Ryu CG, Hwang DY. Risk factors
of recurrence in TNM stage I colorectal
cancer. Ann Surg Treat Res 2023;104:281-7.
Page M], McKenzie JE, Bossuyt PM,
Boutron I, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement:
an updated guideline for reporting
systematic reviews. Int J Surg
2021:88:105906.

14 Stang A. Critical evaluation of

15.

16.

17.

18.

19.

the Newcastle-Ottawa scale for
the assessment of the quality of
nonrandomized studies in meta-analyses.
Eur ] Epidemiol 2010;25:603-5.

Higgins JP, Thompson SG. Quantifying
heterogeneity in a meta-analysis. Stat
Med 2002;21:1539-58.

DerSimonian R, Laird N. Meta-analysis
in clinical trials. Control Clin Trials
1086,7:177-88.

Lee JH, Lee JL, Park IJ, Lim SB, Yu CS, Kim
JC. 1dentification of recurrence-predictive
indicators in stage I colorectal cancer.
World ] Surg 2017;41:1126-33.

Lee MM, MacKinlay A, Semira C, Schieber
C, Jimeno Yepes AJ, Lee B, et al. Stage-
based variation in the effect of primary
tumor side on all stages of colorectal
cancer recurrence and survival. Clin
Colorectal Cancer 2018;17:¢569-77.

Liu F, Li C, Jia H, Yang L, Wu Y, Zhao
], et al. Is there a prognostic value of
tumor location among Chinese patients
with colorectal cancer? Oncotarget
2017:8:38682-92.

20.

21.

22.

23.

24,

25.

26.

Kouyama Y, Kudo SE, Miyachi H, Ichimasa
K, Matsudaira S, Misawa M, et al. Risk
factors of recurrence in T1 colorectal
cancers treated by endoscopic resection
alone or surgical resection with lymph
node dissection. Int ] Colorectal Dis
2018;33:1029-38.

Leijssen LG, Dinaux AM, Kinutake H,
Bordeianou LG, Berger DL. Do stage
I colorectal cancers with lymphatic
invasion require a different postoperative
approach? ] Gastrointest Surg
2019:23:1884-92.

Fujii S, Shimada R, Tsukamoto M, Hayama
T, Ishibe A, Watanabe ], et al. Impact
of subdivision of pathological stage I
colorectal cancer. Ann Gastroenterol Surg
2020;5:228-35.

Ozawa T, Hashiguchi Y, Ishihara S,
Hayama T, Tsuchiya T, Nozawa K, et al.
Proposal for a post-operative surveillance
strategy for stage I colorectal cancer
patients based on a novel recurrence risk
stratification: a multicenter retrospective
study. Int ] Colorectal Dis 2021;36:67-74.
Kim S, Huh JW, Lee WY, Yun SH, Kim HC,
Cho YB, et al. Lymphovascular invasion,
perineural invasion, and tumor budding
are prognostic factors for stage I colon
cancer recurrence, Int J Colorectal Dis
2020:35:881-5.

Kim C, Kim WR, Kim KY, Chon HJ, Beom
SH, Kim H, et al. Predictive nomogram
for recurrence of stage I colorectal cancer
after curative resection. Clin Colorectal
Cancer 2018;17:€513-8.

Huang L, Luo S, Lai S, Liu Z, Hu H,
Chen M, et al. Survival after curative
resection for stage I colorectal mucinous
adenocarcinoma. BMC Gastroenterol
2022;22:192.

27. Jiang HH, Zhang ZY, Wang XY, Tang

28.

X, Liu HL, Wang AL, et al. Prognostic
significance of lymphovascular invasion
in colorectal cancer and its association
with genomic alterations. World ]
Gastroenterol 2019;25:2489-502.

Chok KS, Law WL. Prognostic factors

Annals of Surgical Treatment and Research

47



48

29.

30.

31

32.

33.

34.

35.

Annals of Surgical Treatment and Research 2025;108(1):39-48

affecting survival and recurrence of
patients with pT1 and pT2 colorectal
cancer. World J Surg 2007:31:1485-90.
Nakamura Y, Hokuto D, Koyama F,
Matsuo Y, Nomi T, Yoshikawa T, et al.
The prognosis and recurrence pattern
of right- and left-sided colon cancer in
stage 11, stage III, and liver metastasis
after curative resection. Ann Coloproctol
2021;37:326-36.

Yang CY, Yen MH, Kiu KT, Chen YT, Chang
TC. Outcomes of right-sided and left-sided
colon cancer after curative resection. Sci
Rep 2022;12:11323.

Gunderson LL, Sargent DJ, Tepper JE,
Wolmark N, O'Connell M]J, Begovic M, et
al. Impact of T and N stage and treatment
on survival and relapse in adjuvant rectal
cancer: a pooled analysis. ] Clin Oncol
2004;22:1785-96.

Meguid RA, Slidell MB, Wolfgang CL,
Chang DC, Ahuja N. Is there a difference
in survival between right- versus left-
sided colon cancers? Ann Surg Oncol
2008;15:2388-94.

Benedix F, Kube R, Meyer F, Schmidt U,
Gastinger [, Lippert H, et al. Comparison
of 17,641 patients with right- and left-
sided colon cancer: differences in
epidemiology, perioperative course,
histology, and survival. Dis Colon Rectum
2010;53:57-64.

Mik M, Berut M, Dziki L, Trzcinski R,
Dziki A. Right- and left-sided colon cancer:
clinical and pathological differences of
the disease entity in one organ. Arch Med
Sci 2017:13:157-62.

Ishihara S, Murono K, Sasaki K, Yasuda
K, Otani K, Nishikawa T, et al. Impact of
primary tumor location on postoperative

36.

recurrence and subsequent prognosis
in nonmetastatic colon cancers: a
multicenter retrospective study using
a propensity score analysis. Ann Surg
2018;267:917-21.

Kang SI, Kim DW, Kwak Y, Lee HS,
Kim MH, Kim M], et al. The prognostic
implications of primary tumor location
on recurrence in early-stage colorectal
cancer with no associated risk factors. Int
] Colorectal Dis 2018;33:719-26.

37. Bonnot PE, Passot G. RAS mutation:

38.

39.

40.

41.

42.

site of disease and recurrence pattern
in colorectal cancer. Chin Clin Oncol
2019:8:55.

Leijssen LG, Dinaux AM, Taylor MS,
Deshpande V, Kunitake H, Bordeianou
LG, et al. Perineural invasion is a
prognostic but not a predictive factor in
nonmetastatic colon cancer. Dis Colon
Rectum 2019;62:1212-21.

Cienfuegos JA, Martinez P, Baixauli J,
Beorlegui C, Rosenstone S, Sola J], et al.
Perineural invasion is a major prognostic
and predictive factor of response to
adjuvant chemotherapy in stage I-II colon
cancer. Ann Surg Oncol 2017;24:1077-84.
Liebig C, Ayala G, Wilks ], Verstovsek
G, Liu H, Agarwal N, et al. Perineural
invasion is an independent predictor of
outcome in colorectal cancer. ] Clin Oncol
2009;27:5131-7.

Knijn N, Mogk SC, Teerenstra S, Simmer
F, Nagtegaal ID. Perineural invasion is
a strong prognostic factor in colorectal
cancer: a systematic review. Am ] Surg
Pathol 2016:40:103-12.

Shen F, Cui J, Hong X, Yu F, Bao X.
Preoperative serum carcinoembryonic

antigen elevation in stage I colon cancer:

43.

44,

45.

46.

improved risk of mortality in stage T1
than in stage T2. Int ] Colorectal Dis
2019;34:1095-104.

Berkey CS, Hoaglin DC, Mosteller F,
Colditz GA. A random-effects regression
model for meta-analysis. Stat Med
1995:14:395-411.

Sidik K, Jonkman JN. A simple confidence
interval for meta-analysis. Stat Med
2002;21:3153-9.

Shim SR, Shin IS, Bae JM. Intervention
meta-analysis using STATA software. ]
Health Info Stat 2016:41:123-34.
StataCorp LLC. Stata meta-analysis
reference manual: release 17. Stata Press;
2021.

47. Benson AB, Venook AP, Al-Hawary MM,

48.

49.

50.

Arain MA, Chen Y], Ciombor KX, et al.
Colon cancer, version 2.2021, NCCN
clinical practice guidelines in oncology. ]
Natl Compr Canc Netw 2021;19:329-50.
Hashiguchi Y, Muro K, Saito Y, Ito Y,
Ajioka Y, Hamaguchi T, et al. Japanese
Society for Cancer of the Colon and
Rectum (JSCCR) guidelines 2019 for the
treatment of colorectal cancer. Int J Clin
Oncol 2020;25:1-42.

Reinert T, Henriksen TV, Christensen E,
Sharma S, Salari R, Sethi H, et al. Analysis
of plasma cell-free DNA by ultradeep
sequencing in patients with stages I
to III colorectal cancer. JAMA Oncol
2019;5:1124-31.

Tie J, Cohen JD, Wang Y, Christie M,
Simons K, Lee M, et al. Circulating tumor
DNA analyses as markers of recurrence
risk and benefit of adjuvant therapy
for stage 111 colon cancer. JAMA Oncol
2019;5:1710-7.



