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Abstract
In this study, the National Health Insurance Research Database of Taiwan was used to examine the recurrence and death risk for
stage 0 colorectal cancer patients. We examined stage 0 colorectal cancer patients to identify factors causing recurrence and death.
This is a retrospective study, and stage 0 colorectal cancer patients that are registered in the Taiwan Cancer Registry of the Health

Promotion Administration in 2007 to 2012 were included. The database was linked to the National Health Insurance Research
Database, and subjects were followed up until the end of 2016. The mean follow-up period was 69 months. Bivariate analysis
methods (log-rank test) and Cox proportional hazards model were used to evaluate the risk of recurrence and death and
demographic characteristics, economic factors, environmental factors, health factors, treatment and hospitals, and absence/
presence of postoperative tests were used to examine related risk factors.
Our study showed that the 5-year recurrence rate and 5-year mortality rate for stage 0 colorectal cancer are 1.68% and 0.6%,

respectively. For stage 0 colorectal cancer, age (61–74 years) is the only factor affecting recurrence in patients (hazard ratio (HR)=
2.44; 95% CI: 1.41–4.22), while age >75 years (HR=4.35; 95% CI: 1.14–16.68) and Charlson Comorbidity Index >4 points (HR=
7.20, 95% CI: 2.60–19.94) can increase the risk of death. In contrast, patients who underwent one (HR=0.27, 95% CI: 0.10–0.71)
and two or more colonoscopies (HR=0.26, 95%CI: 0.10–0.70) within 2 years after surgery can reduce the risk of death from stage 0
colorectal cancer. In addition, the risk of recurrence is higher in patients who underwent colonoscopic polypectomy (HR=2.07, 95%
CI: 0.98–4.33) and patients with rectal cancer (HR=2.74, 95% CI: 0.96–7.83), but these differences are not statistically significant
(P> .05).
From this study, we can see that age and comorbidity index increase the risk of recurrence and death for stage 0 colorectal cancer,

while postoperative colonoscopy can decrease the risk of death.

Abbreviations: AJCC = American Joint Committee on Cancer, CCI = Charlson’s comorbidity index, CEA = carcinoembryonic
antigen, CI = confidence interval, CRC = colorectal cancer, HR= hazards ratio, ICD-O-3 = International Classification of Diseases for
Oncology, 3rd edition, NHIRD = National Health Insurance Research Database, NTD = new Taiwan dollar, SEER = the U.S.
surveillance, epidemiology, and end results program database.
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1. Introduction
The global incidence of colorectal cancer has been increasing year
by year. In 2015, the incidence of colorectal cancer was ranked
third in world cancer incidence. Every year, there are 1.65 million
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newly diagnosed colorectal cancer patients and 830,000
deaths.[1] The incidence of colorectal cancer is higher in
developed countries. In the last 10 years, there are 140,000
newly diagnosed cases every year in the US.[2] In Taiwan, the
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number of new colorectal cancer cases and deaths is rapidly
increasing every year. Currently, the incidence of colorectal
cancer in Taiwan is ranked first amongst all cancers, and the age-
standardized incidence for colorectal cancer (including stage 0) is
54.46 per 100,000 population[3]. The TMN system proposed by
the American Joint Committee on Cancer (AJCC) is mainly used
for colorectal cancer staging, in which tumor invasion depth,
presence/absence of lymph node, or distal metastasis are used as
criteria for staging.[4] Colorectal cancer treatment and prognosis
is related to cancer staging. After appropriate surgical resection,
the cure rate for stage 0 colorectal cancer is relatively high. This is
because the clinicopathological definition for stage 0 colorectal
cancer is lesions that are limited to the mucosal layer, and lymph
node and distal metastases are absent. Therefore, this cancer does
not tend to invade tissues, only colonoscopic resection is
required, surgical resection of the intestine and lymph node
dissection are not required to treat these lesions, and metastasis
will not occur in theory.[5,6] However, there are occasionally
some cases of stage 0 colorectal cancer with distal metastases
after resection in clinical practice, and there are case reports of
stage 0 patients with complicated distal metastasis in the
literature.[7,8] As there are few case reports, there is no conclusion
on what are the causes of recurrence or death in stage 0 colorectal
cancer patients at present.
The incidence of colorectal cancer is associated with dietary

habits,[9] exposure to external environmental factors, and
genetics.[10,11] On the other hand, post-treatment survival rate
is associated with many risk factors such as age, comorbidities,
socioeconomic status, insurance, and periodic follow-up.[12–14]

In theory, the survival rate of stage 0 colorectal cancer is
extremely high, and recurrence or metastasis should be rare in
theory. However, cases of stage 0 colorectal cancer recurrence or
deaths can still be observed in clinical practice. A possible reason
may be that medical institutions and governments do not pay
close attention in the follow-up of stage 0 colorectal cancer
patients, resulting in delay or lack of early detection of metastatic
lesions, resulting in actual survival rate not reaching the expected
theoretical levels.
There are very few studies in the world on the risk of death in

early colorectal cancer compared with colorectal cancer at other
stages. The aim of this study was to use national data to examine
the incidence ratio of recurrence and death in stage 0 colorectal
cancer, factors related to recurrence, and risk of cancer death.
2. Material and methods

2.1. Data sources and study population

This study employed a retrospective cohort design, and the
subjects were newly diagnosed, stage 0 colorectal cancer patients
from 2007 to 2012. These patients were followed up until 2016,
and each study subject was followed up for at least 4 years. The
exclusion criteria were patients who previously suffered from
stage 0 and above colorectal cancer, colorectal cancer patients
aged below 20 years, and patients who suffered from other
cancers.
The data source for this study was the National Cancer

Registry, Causes of Death File, and National Health Insurance
Research Database (NHIRD). In order to understand comorbid-
ity severity, medical data was reviewed from January 1st, 2005
onwards.
2

2.2. Variable definitions and explanations

The variables in this study included gender, age, monthly salary,
urbanization of residence area, tumor site, CharlsonComorbidity
Index (CCI), treatment method, hospital level and attributes,
number of colonoscopies within 2 years after surgery, and
number of colon cancer index tests.
For environmental factors, urbanization of residence area was

used as an indicator divided into 7 levels, of which the highest was
level 1, and the lowest was level 7. The indicator of urbanization
of residence areas published by Liu et al in 2006 was employed.
This indicator used the 2000 Taiwan census data to investigate
the development stratification of 359 townships in Taiwan. The
urbanization level of residential areas was derived from several
factors, including population density, population ratio of people
with college or above educational levels, population ratio of older
people over 65, population ratio of people being agriculture
workers, and the number of physicians per 100,000 people.[15]

Themonthly salary was divided into 4 groups:�18,780, 18,781–
28,800, 28,801–45,800, and ≥45,801 NTD.
Tumor site was divided into 3 groups, namely right colon, left

colon, and rectum. The right colon included the cecum (ICD-03
code: C18.0), ascending colon (C18.2), hepatic flexure colon
(C18.3), and transverse colon (C18.4). The left colon included the
splenic flexure colon (C18.5), descending colon (C18.6), sigmoid
colon (C18.7), and rectosigmoid junction (C19.9). The code for
rectum is C20.9.
The CCI was used for comorbidity severity, as it is currently the

most commonly used comorbidity measurement marker. In this
study, the method published by Deyo et al in 1992was employed,
which used ICD-9-CM diagnosis codes to define the original CCI
category.[16] In this study, the primary and secondary diagnoses
registered in health insurance data in the recent 2 years before a
definite diagnosis of stage 0 colorectal cancer were included in
CCI calculations.
The treatments used included colonoscopic polypectomy,

traditional open surgery, and laparoscopic surgery. For the level
of hospitals, hospitals were classified as medical centers,
metropolitan hospitals, and district hospitals. In addition,
hospitals were further classified as public and private hospitals
for hospital attributes. Postoperative follow-up was obtained
from the health insurance database to find out if the patients
had undergone a colonoscopy test and carcinoembryonic
antigen (CEA) test within 2 years after treatment. Patients
were divided into 3 groups based on the number of tests (0, 1, and
2 or more).
2.3. Outcome measures

The National Cancer Registry was linked to the Causes of Death
File to find out if the patient had died during the follow-up period,
the survival duration, and whether the cause of death was due to
colorectal cancer. In addition, National Cancer Registry data
on whether recurrence occurred during follow-up or new
colorectal cancer occurred were used to determine recurrence
and recurrence time.

2.4. Statistical analysis

This is a retrospective cohort study, in which the number and
percentage of stage 0 colorectal cancer patients with recurrence
or death were calculated.



Table 1

Characteristics of study patients.

Variables Number %

Recurrence
No 4724 98.25
Yes 84 1.75

Cause of death
No 4060 84.44
Colorectal cancer 31 0.64
Other cancer 271 5.64
Other reason 446 9.28

Gender
Female 1825 37.96
Male 2983 62.04

Age
�60 1878 39.06
61–74 2089 43.45
≥75 841 17.49
Mean±SD 63.09±11.61

Monthly salary
�18,780 TWD 1162 24.17
18,781–28,800 TWD 1893 39.37
28,801–45,800 TWD 1051 21.86

≥45,801 TWD 702 14.6
Urbanization of residential area
1 1401 29.14
2 1519 31.59
3 753 15.66
4 639 13.29
5–7 496 10.32

CCI
0–1 3,032 63.06
2–3 1248 25.96
≥4 528 10.98

Tumor site
Right colon 987 20.53
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With regards to whether recurrence or death occurred during
the observation period, the log-rank test (for bivariate analysis)
and Cox proportional hazards model were used to examine the
risk of recurrence or death and factors affecting these risks. The
Kaplan-Meier curve was plotted as a survival curve for stage 0
colorectal cancer patients. The SAS 9.4 statistical software (SAS
Institute Inc., Cary, NC) was used for secondary database
processing and statistical analysis. All tests were carried out with
a significance level of a = 0.05. This study has been approved by
the research ethics committee of China Medical University
hospital (IRB No. CMUH107-REC3-080).

3. Results

3.1. Characteristics of study patients

A total of 4808 stage 0 colorectal cancer patients were included in
this study. Most of these patients were male (n=2983, 62.04%);
in the age group of 61 to 74 years (n=2089, 43.45%), followed
by the �60 years age group (n=1878, 39.06%). Most patients
had a monthly salary of 18,781 to 28,800 NTD (39.37%),
followed by less than 18,780 NTD (24.17%).Most patients lived
in places with level 2 of urbanization (n=1519, 31.59%),
followed by level 1 (n=1401, 29.14%). Most patients had a CCI
score of 0–1 points (n=3032, 63.69%), and there were 528
patients (10.98%) with 4 or more points. For tumor site, most
patients had left colon tumors (n=2433, 50.60%), while right
colon tumors were seen less frequently (n=987, 20.53%).
Colonoscopic polypectomy (n = 3801, 79.06%) was mostly used
in the treatment of stage 0 colorectal cancer. Most patients
underwent ≥2 colonoscopies within 2 years after surgery (n=
2056, 42.76%) and 1148 (23.88%) patients did not undergo
colonoscopy at all. Most patients did not undergo CEA testing
within 2 years after surgery (n=3141, 65.33%).
Left colon 2433 50.6
Rectum 1281 26.64
Unknown 107 2.23

Hospital level
Medical center 2261 53.25
Regional hospital 1816 42.77
Local hospital 169 3.98
Missing data 562

Public or private hospital
Private hospital 3290 74.82
Public hospital 1107 25.18
Missing data 411

Treatment
Open surgery 723 15.04
Laparoscopic surgery 284 5.91
Colonoscopic Polypectomy 3801 79.06

Colonoscopy within 2 years
0 1148 23.88
1 1604 33.36
≥2 2056 42.76

CEA within 2 years
0 3141 65.33
1 610 12.69
≥2 1057 21.98

CEA = carcinoembryonic antigen.
3.2. Recurrence and survival rates

Among the 4808 patients in this study (Table 1), recurrence
occurred in 84 patients. The mean follow-up period for
recurrence was 69.07±24.70 months, and the recurrence rate
was 1.81 per 1000 person-years. During the follow-up period,
748 stage 0 patients died, of which 31 died due to colorectal
cancer. The mean follow-up period for death was 69.84±24.20
months, and mortality rate due to colorectal cancer was 0.66 per
1000 person-years.
We calculated the 1-, 3-, and 5-year recurrence rates which

were 0.57%, 1.18%, 1.68%, respectively. The 1-, 3-, and 5-year
cancer specific mortality rates were 0.13%, 0.3%, 0.6%,
respectively (Table 2). Figure 1 shows the Kaplan-Meier curve
for recurrence and death due to colorectal cancer for stage 0
patients.

3.3. Recurrence and survival-related risk factors

The log rank test was used for bivariate analysis of the risk factors
for recurrence in stage 0 colorectal cancer patients (Table 3).
From the table, we can see that age is the only variable that
significantly affected recurrence (P< .05) as patients aged 61 to
74 years had the highest recurrence ratio, which was 2.39%
during the follow-up period. In comparison, the ratio of patients
of<60 years with recurrence during the follow-up period was
1.01%. When the multivariate Cox proportional hazard model
was used to examine factors affecting recurrence in stage 0
3

colorectal cancer patients, age was found to be a significant risk
factor (P< .05): Compared with patients aged ≦60 years, the
hazards ratio (HR) for patients aged 61 to 74 years was 2.44
(95%CI: 1.41–4.22), which was significantly higher. The HR for

http://www.md-journal.com


Table 2

Recurrence and CRC specific mortality rate in patients with stage
0 colorectal cancer.

Time 1 year 3 years 5 years

Recurrence rate 0.57% 1.18% 1.68%
CRC specific mortality rate 0.13% 0.30% 0.60%
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recurrence risk in patients aged ≧75 years was 2.04 (95% CI:
0.99–4.19). Although the recurrence risk was observed to be
higher for patients who underwent colonoscopic polypectomy,
this was not statistically significant (HR=2.07, 95% CI: 0.98–
4.33, P= .06).
The log-rank test was employed as bivariate analysis to

examine the risk factors for death due to stage 0 colorectal cancer
(Table 4), and it was found that age, CCI, tumor site, treatment
method, and the number of subsequent colonoscopies during
follow-up affected death from stage 0 colorectal cancer (P< .05).
In patients aged >75 years, the mortality rate during the follow-
up period was 1.66%, while the mortality rate for patients
aged<60 years was only 0.21%. The mortality rate during the
follow-up period for rectal cancer was 1.25%, while the
mortality rate for right colon cancer during the follow-up period
was only 0.33%. In patients who underwent traditional open
surgery, the mortality rate for colon cancer was 1.94%, while the
mortality rate for patients who underwent colonoscopic poly-
pectomy was 0.45%, and no deaths occurred in patients who
underwent laparoscopic surgery. The mortality rate due to colon
cancer for patients who did not undergo colonoscopy follow-up 2
years after treatment was 1.57%, while the mortality rate for
those who underwent 2 or more colonoscopies was only 0.34%.
Finally, the Cox proportional hazard model was used to

examine factors affecting the risk of death in stage 0 colorectal
cancer patients (Table 4). Results showed that patients aged >75
years had a significantly higher risk of death than those aged<60
years (HR: 4.35, 95% CI: 1.14–16.68). Compared with patients
with a CCI score of 0–1 point, patients with a CCI score of ≥4
had an HR of 7.20 (95%CI: 2.60–19.94). In addition, compared
with patients who did not undergo colonoscopy examination
Figure 1. Kaplan-Meier curves of cancer recurrence and death in patients with
stage 0 colorectal cancer.

4

within 2 years after surgery, those who underwent one (HR: 0.27,
95% CI: 0.10–0.71) or two or more colonoscopies (HR: 0.26,
95% CI: 0.10–0.70) had a significantly lower risk of dying from
colorectal cancer. In bivariate analysis, rectal cancer increased the
mortality rate of stage 0 colorectal cancer. However, in the Cox
model, although the risk of death was slightly higher for rectal
cancer compared with right colon cancer (HR: 2.74, 95% CI:
0.96–7.83), this difference was not statistically significant
(P= .06).
4. Discussion

The global incidence of colorectal cancer is increasing in recent
decades. Colorectal cancer (CRC) is the third most commonly
diagnosed malignancy and the fourth leading cause of cancer-
related deaths worldwide.[1] The incidence of colorectal cancer in
Asia is also showing a rapid increase. In recent decades, the
incidence of colorectal cancer in Asian countries has increased by
2 to 4 times.[17] It may be caused by westernization of diet, aging
population, smoking, and lack of exercise.[18] In Taiwan, as in
other Asian countries, the incidence of colorectal cancer has
increased year by year. It is now the first leading cancer in
Taiwan. The age-standardized incidence for colorectal cancer
(including stage 0) is 54.46 per 100,000 people.[3] The incidence
of young-onset CRC significantly increased in both men and
women, and this trend is similar to that observed in Western
countries.[19] Many risk factors may be related to the increase of
incidence of colorectal cancer in Taiwan, such as westernized
dietary lifestyle, smoking, alcohol consumption, etc. However,
we could not obtain this information from the database and could
not include them in the study.
As there is no invasion past the mucosal layer in stage 0, and

lymph reflux occurs in the matrix region that is deep in the
mucosal layer, stage 0 colorectal cancer will not result in lymph
node metastasis in theory, and intestinal resection and lymph
node dissection are not required when treating stage 0 colorectal
cancer. A small-scale study in the same hospital in South Korea
pointed out that a total of 64 stage 0 patients underwent
colonoscopic resection, and no recurrence or metastasis
occurred.[6] John Hopkins Hospital in the USA also examined
15 stage 0 poorly differentiated colorectal patients who
underwent lesion resection, and pathological section reports
did not find lesions associated with the primary tumor or
invasion.[5] Clinical patient statistics from a single medical center
in Taiwan also analyzed 118 stage 0 patients who underwent
surgical resection, and pathological tests did not find any lymph
node metastasis, and no recurrence occurred in these patients
subsequently. This means that recurrence or metastasis should
not occur in theory, even if surgical resection was not carried out
and only colonoscopic resection was employed.[20]

However, actual clinical experience showed that there is a very
small minority of stage 0 colorectal cancer patients who
experienced metastasis or recurrence. Several case reports in
the literature also found distal metastases after resection in stage
0 colorectal cancer.[7,8] Why does metastasis or recurrence occur
in stage 0 cancer, even though it should not occur in theory?
Currently, there is no definite conclusion, but the authors of
different papers have proposed possible reasons, such as tumor
detachment during colonoscopic resection and implantation at
nearby intestinal sites, resulting in recurrence.[21] In addition,
sometimes there are differences between the pathology section
report and the final surgical pathology report, resulting in an



Table 3

Relative risk and factors associated with colorectal cancer recurrence in patients with stage 0.

ledoMxoCtsetknargnoL

 Number % P value IC%59RH

Gender   0.324 

00.135.182elameF

)20.2~08.0(72.188.165elaM

Age 0.003 

≤60 00.110.191

)22.4~14.1(44.293.20547-16

≥ )91.4~99.0(40.287.15157

402.0)DWT(yralasylhtnoM

≤18,780 00.198.122

)51.2~96.0(22.111.204008,82-187,81

)85.1~73.0(77.041.121008,54-108,82

≥ )78.1~14.0(78.024.101108,54

883.0aeralaitnediserfonoitazinabrU

00.15.1121

)87.1~25.0(79.054.1222

)95.2~86.0(23.199.1513

)97.2~66.0(63.191.2414

)59.2~36.0(63.124.2217-5

CCI 0.244 

00.157.1351~0

)93.1~84.0(18.025.1913~2

≥ )97.2~67.0(64.172.2214

Tumor site 0.277 

)45.1~64.0(48.027.171nolocthgiR

)31.1~34.0(96.025.173noloctfeL

00.162.292mutceR

Unknown 1 0.93 

787.0levellatipsoH

)08.2~53.0(99.080.274retneclacideM

)33.2~92.0(28.028.133latipsohlanoigeR

00.173.24latipsohlacoL

832.0latipsohetavirprocilbuP

Public hospital 58 1.76 

)40.2~97.0(72.153.262latipsohetavirP

Treatment 0.289 

00.111.18yregrusnepO

Laparoscopic surgery )68.4~34.0(54.114.14

Colonoscopic Poly-
pectomy 

72 1.89 2.07 (0.98~4.33) 

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
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Table 4

Relative risk and factors associated with colorectal cancer death in patients with stage 0.

Variables Long rank test  Cox PH Model 
 N % P value  HR 95% CI 

264.0redneG
00.155.001elameF

)28.2~75.0(72.17.012elaM
100.0<egA

≤60 00.112.04
)63.01~08.0(98.226.03147-16

≥ )86.61~41.1(53.466.14157
Monthly salary (TWD ) 0.669 

≤18,780 00.196.08
)24.2~43.0(19.047.041008,82-187,81
)48.2~42.0(38.083.04008,54-108,82

≥ )88.2~91.0(57.017.05108,54
Urbanization of residential area 0.99 

00.146.091
)30.2~52.0(17.095.092
)31.4~93.0(72.166.053
)06.3~72.0(89.036.044
)90.3~81.0(47.018.047~5

100.0<ICC
00.162.081~0

)99.6~79.0(6.288.0113~2
≥ )49.91~06.2(2.772.2214

400.0etisromuT
00.116.06nolocthgiR

)52.3~33.0(30.133.08noloctfeL
)38.7~69.0(47.252.161mutceR

Unknown 1 0.93 
843.0levellatipsoH

00.175.031retneclacideM
Regional hospital )62.2~74.0(30.138.051
Local hospital 3 0.53 

Public or private hospital 0.358 
00.17.032latipsohetavirP

)88.1~52.0(96.054.05latipsohcilbuP
Missing data 3 0.73 

100.0<tnemtaerT
00.149.141yregrusnepO

Laparoscopic surgery 0 0 
Colonoscopic 
Polypectomy )61.1~32.0(25.054.071

Colonoscopy within 2 years <0.001 
00.175.1810

)17.0~01.0(72.073.061
≥ )07.0~01.0(62.043.072

CEA within 2 years <0.001 
00.175.1810

)08.1~30.0(42.073.061
≥2 7 0.34 )07.2~74.0(21.1

-1 0 1 2 3 4 5 6 7 8 9
∗
Regional hospitals and local hospitals were combined to calculate the hazard ratio of colorectal cancer death.

† Open and laparoscopic surgery were combined to calculate the hazard ratio of colorectal cancer death, because of the absence of death in laparoscopic surgery.
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underestimation of the risk of metastasis when selecting the initial
treatment for the patient.[22,23] According to the 1992 to 2004
AJCC statistics, a total of 5939 patients had a tumor invasion
depth reaching the mucosal layer (Tis), which are staged as stage
0. It was found that 1.6% of these patients had lymph node
metastasis in the final pathology report after they had undergone
intestinal resection and lymph node dissection, showing that
these patients would have an extremely high chance of metastasis
if colonoscopic resection was used initially instead of intestinal
resection by surgery.[24]

In this study, we calculated the 3- and 5-year recurrence rates
for stage 0 colorectal cancer in 4808 patients, which were 1.18%
and 1.68%, respectively. The 3- and 5-year mortality rates were
0.3% and 0.6%, respectively. In theory, metastasis and
recurrence should not occur after treatment is completed for
stage 0 colorectal cancer. There are very few papers that
examined mortality or recurrence rate for stage 0 colorectal
cancer, and most were statistics from a single hospital and
published in the form of case reports.[8,25] However, from this
study, nationwide statistics showed that the 5-year recurrence
rate for stage 0 colorectal cancer was 1.68%, which does not fit
the theory that metastasis should not occur. The reason for this
may be that a nationwide cancer registry was used for data
analysis in this study and 4808 stage 0 colorectal cancer patients
were enrolled. The number of patients is higher than most single-
center studies, and the follow-up period is longer (mean follow-
up period: 69.8 months). Therefore, we were still able to identify
84 patients with metastasis and 31 patients who died due to
colorectal cancer even though the recurrence and mortality rates
are relatively low for stage 0 colorectal cancer. With regards to
the mortality rate statistics, one paper used the US Surveillance,
Epidemiology, and End Results Program (SEER) database to
analyze the survival rate after colonoscopic resection or surgical
resection of early colorectal cancer and found that the 5-year
CRC-free survival rates for polypectomy and surgical resection
were 96.3% and 95.9%, respectively.[26] In comparison, our
study linked that National Cancer Registry with NHIRD and
found that the 5-year cancer-specific survival for overall stage 0
colorectal cancer was 99.4%, regardless of whether surgical
resection or colonoscopic polypectomy were carried out.
From the results of this study, we can see that different risk

factors will affect the risk of recurrence and death in stage 0
colorectal cancer patients. Age and gender are intimately
associated with the incidence of colorectal cancer, which tends
to occur in males aged 50 years and above. Are prognostic factors
for colorectal cancer after treatment associated with gender?
Statistical data from the UK showed that, although gender affects
incidence, there are no significant differences in prognosis and
mortality rate in colorectal cancer patients between the sexes.[27]

Another South Korean study also found that gender will not
affect the prognosis of stage 1 colorectal cancer.[28] However,
there are studies with different viewpoints: A Japanese study
found that the prognosis of women with colorectal cancer is
significantly better than that of men (HR: 0.87, 95% CI: 0.85–
0.90).[29] Another meta-analysis found a similar conclusion:
women with colorectal cancer have better prognosis (HR 0.87,
95% CI: 0.85–0.89).[30] However, this study showed that there
were no statistically significant differences for stage 0 colorectal
cancer patients, regardless of whether bivariate analysis or Cox
model was used.
According to a large population study in the US, the

probability of colorectal cancer occurring is higher in people
7

with low education level or living in low socioeconomic
places.[12] The reasons why cancer tends to occur in people
with low socioeconomic status include fewer physical exercise,
unhealthy diet, smoking, and a higher obesity rate.[31] In
addition, few people with low socioeconomic status tend to
undergo periodic stool examinations, which may be another
reason for increased incidence of colorectal cancer.[32] However,
this study showed that the urbanization of the area of residence
does not have significant effects on prognosis (such as recurrence
or death) after treatment in Taiwan.
Many factors will affect survival in colorectal cancer patients

after treatment. One study examined the effects of different
factors on survival in colorectal cancer, and statistical results
showed that age at diagnosis is the only influencing factor, as
older patients have a poorer prognosis.[33] In comparison,
prognosis is better in younger patients.[34] However, a South
Korean study on prognosis after stage 1 colorectal cancer
treatment found that age will not affect recurrence rate after
treatment.[28] Another paper pointed out that the age and
comorbidities of colon cancer patients are independent and
important prognostic risk factors.[14] Low physical activity and
frailty in elderly people with colorectal cancer are also markers
for poor prognosis: frail patients have a significantly reduced 5-
year survival rate.[35] Comorbidity severity is also an important
marker that affects colorectal cancer prognosis.[36] The CCI score
can clearly affect prognosis: the higher the CCI score, the poorer
the prognosis.[13,34] Identical conclusions were obtained in this
study: age is a risk factor for stage 0 recurrence and is also
simultaneously a risk factor for death due to stage 0 colorectal
cancer. In addition, a comorbidity index >4 points will
significantly increase the risk of death due to stage 0 colorectal
cancer.
In theory, both colonoscopic polypectomy and surgical

resection (laparoscopic or conventional abdominal surgery)
can be used to treat stage 0 colorectal cancer, and this conforms
to current routine clinical guidelines.[37] However, in this study,
statistics showed that although the recurrence rate was higher
when polypectomy was carried out than after surgery, the
difference was not statistically significant (HR: 2.07, 95% CI:
0.98–4.33). Mortality rate analysis found that the mortality rate
for traditional open surgery (14/709, 1.94%) was higher than
that of colonoscopic polypectomy (17/3784, 0.45%), whereas no
deaths occurred in patients who underwent laparoscopic surgery
(0/284). Cox analysis was used to analyze stage 0 colorectal
cancer death, but there was no statistical difference between
surgical resection and colonoscopic polypectomy. From these
results, we can see that good prognosis can be achieved with both
surgery and colonoscopic polypectomy.
A paper on South Korean hospitals examined the tumor sites of

712 early (stage 1 and 2) colorectal cancer patients and the
probability of recurrence after treatment. They found that the
recurrence rate was lower in patients with lesions at the proximal
colon, while the probability of recurrence was higher in patients
with lesions at the distal colon and rectum (distal colon: HR
9.213, rectum: HR 15.366, P< .05).[38] A study also found that
the prognosis for rectal cancer is significantly poorer than colon
cancer.[34] In this study, although statistics showed that the risk of
death is higher for stage 0 rectal cancer than for colon cancer, this
difference was not statistically significant (HR: 2.74, 95% CI:
0.96–7.83).
Periodic colonoscopies were found to affect the risk of death

from colorectal cancer. One study pointed out that patients who
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underwent colonoscopy within 10 years have a 67% reduced risk
of death from colorectal cancer compared with those who did not
undergo colonoscopy, regardless of whether it was right colon or
left colon (including the rectum) cancer (OR=0.33; CI 0.21–
0.52).[39] With regards to the effects of whether postoperative
colonoscopy can affect colorectal cancer prognosis, a U.S. paper
showed that undergoing at least one colonoscopy within 5 years
after surgery can increase the 5-year survival rate for colorectal
cancer (76.8% vs 52.2%, P< .001).[40] Another study using the
U.S. database showed the postoperative colonoscopy can reduce
mortality rate by 43% (HR=0.57, 95% CI: 0.51–0.64).[41]

Similar conclusions were obtained in this study: periodic
colonoscopies after surgery in stage 0 colorectal cancer patients
can effectively reduce the risk of death from colorectal cancer.
However, there is no significant difference in undergoing
postoperative CEA test or not in reducing the risk of death
from colorectal cancer.
The definition and name of pathological diagnosis for stage 0

colorectal cancer changes with the AJCC version. In versions
preceding version 7, stage 0 colorectal cancer includes severe or
high-grade dysplasia, intraepithelial carcinoma, and intramu-
cosal carcinoma, in which cancer cells did not penetrate the
mucosal layer and reach the submucosal layer. However, there is
no consistency between Eastern and Western pathologists in the
determination of stage 0 colorectal cancer as this differs
according to subjectivity.[42] Moreover, after 2018, the 8th
AJCC defined stage 0 colorectal cancer as TisN0M0. Tis
(intramucsosal carcinoma) means that the tumor is only limited
to the mucosal layer. Although there is invasion of the lamina
propria, the tumor did not penetrate the lamina propria. Other
categories that do not belong to Tis are no longer considered to be
stage 0 colon cancer.[43] As this is a retrospective study that
examined stage 0 colorectal cancer patients that are registered in
the National Cancer Registry of Taiwan from 2007 to 2012, the
2010 7th AJCC edition was used. Hence, stage 0 colorectal
cancer in the statistical data includes those histological subtypes
that were described above. Whether different histological
subtypes that are considered to be stage 0 colorectal cancer will
affect patient prognosis is a direction of future studies.
5. Limitations

In this study, NHIRD and National Cancer Registry Data were
used. However, some tumor-related variables are not registered
in the database, such as dietary lifestyle, smoking, physical
activity, and alcohol consumption. Second, some important
prognostic factors, for example, tumor size, R0 resection, and
serum tumor markers cannot be obtained as well. These factors
may affect the prognosis of stage 0 colorectal cancer patients after
treatment. Besides, we can only know that the patients have
received colonoscopies or CEA tests and the number of the
examinations, but these results cannot be obtained. Therefore, we
were unable to know whether patients came for follow-up due to
physical discomfort or due to periodic follow-up examinations.
6. Conclusion

This study showed that the 5-year recurrence rate and 5-year
mortality rate for stage 0 colorectal cancer were 1.68% and
0.6%, respectively. Age was the only risk factor that affected
stage 0 recurrence, and the recurrence risk was higher for patients
aged 61 to 74 years. Examination of the risk factors for stage 0
8

colorectal cancer death showed that age >75 years and CCI
score ≥4 points had a higher risk of death. On the other hand,
periodic colonoscopy (once or ≥2 times) within 2 years can
reduce the risk of death. In addition, the recurrence rate for
colonoscopic polypectomy and the probability of death for rectal
cancer were higher, but these differences were not statistically
significant.
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