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Purpose. In Taiwan, incidence of colorectal cancer ranks first among the
top ten cancers and its mortality ranks third. Probability of post-treatment
recurrence or metastasis is low in early-stage colorectal cancer patients.
However, clinical observations exhibit an increased mortality risk for some
early-stage colorectal cancer patients, possibly owing to lack of follow up
by medical units or other risk factors. We aimed to examine the mortality
risk and ratio and mortality-related factors in stage I colorectal cancer.
Methods. This retrospective study included patients registered at the Tai-
wan Cancer Registry of the Health Promotion Administration during
2007-2012. The database was linked to the National Health Insurance
Research Database; subjects were followed up until the end of 2016.
Mortality risk and other related factors in stage I colorectal cancer patients
were evaluated using bivariate analysis (log-rank test and Cox propor-
tional hazards model) according to demographic characteristics; econo-
mic, environmental, and health factors; treatment modalities and hospi-
tals; and absence/presence of periodic follow up.

Results. The 5-year mortality rate of stage I colorectal cancer was 2.54%.
Risk factors for stage I colorectal cancer mortality were prevalent in pa-
tients aged > 75 years with comorbidity index > 2 points and presence of
rectal lesions. Conversely, undergoing one or more colonoscopies within
2 years after surgery can reduce stage I colorectal cancer risk.
Conclusion. Age, comorbidity index, and tumor site are significantly re-
lated to the prognosis of stage I colorectal cancer, and periodic colono-
scopy can decrease the mortality risk of stage I colorectal cancer.

[J Soc Colon Rectal Surgeon (Taiwan) 2020,31:168-177]

he global incidence of colorectal cancer has been
increasing year by year. In 2015, the incidence of
colorectal cancer ranked third and second in global
cancer incidence in males and females, respectively.

Every year, there are 1.65 million newly diagnosed
colorectal cancer patients and 830,000 deaths due to
colorectal cancer.' The incidence of colorectal cancer
is higher in developed countries. In Taiwan, diet west-
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ernization, obesity, and lack of exercise have caused
the rapid increase of incidence and mortality of colo-
rectal cancer yearly. In Taiwan, the incidence of colo-
rectal cancer ranked first among all cancers. In 2015,
19,226 people developed colorectal cancer (including
stage 0). In the same year, 5687 people died due to
colorectal cancer, which ranked third among malig-
nancies.’

On the other hand, the post-treatment survival rate
for colorectal cancer is associated with many risk fac-
tors, such as age, comorbidities, socioeconomic sta-
tus, insurance, and periodic follow up.*?

There are a lot of studies worldwide on survival
analysis and mortality risk in early-stage colorectal
cancer compared with colorectal cancer at other sta-
ges. The aim of this study is to examine the mortality
of stage I colorectal cancer, factors related to mortal-
ity, and mortality risk. In this study, demographic
characteristics, economic factors, health status, treat-
ment modalities, environmental factors, and periodic
follow up were examined.

Materials and Methods
Data sources and study population

This study employed a retrospective design, and
subjects were newly diagnosed stage I colorectal can-
cer patients from 2007 to 2012. These patients were
followed up for at least 4 years until the end of 2016.
The exclusion criteria included patients who previ-
ously suffered from colorectal cancer, colorectal can-
cer patients below 20 years old, and patients who suf-
fered from other cancers.

Data for this study were obtained from the Na-
tional Cancer Registry, Causes of Death File, and
National Health Insurance Research Database. To
understand the comorbidity severity of the patient,
the disease diagnosis code stated in the patient’s
health insurance was reviewed and used as the base-
line comorbidity of the patient one year before a
definite diagnosis was obtained. The follow-up pe-
riod lasted from January 1, 2006 to December 31,
2016.

Variable definition

In this study, control variables included gender,
age, salary for health insurance premium, level of ur-
banization of residence, comorbidity index, tumor
site, treatment modality, hospital level, type of hos-
pital, and postoperative carcinoembryonic antigen
(CEA) tests and colorectal cancer examinations.

For environmental factors, urbanization of resi-
dence area was used as a marker, which was divided
into seven levels where the highest was level 1 and
lowest was level 7.

The tumor site was divided into three groups,
namely, the right colon, left colon, and rectum. The
right colon includes the cecum (ICD-03 code, C18.0),
ascending colon (C18.2), hepatic flexure of colon
(C18.3), transverse colon (C18.4), while the left colon
includes the splenic flexure of colon (C18.5), de-
scending colon (C18.6), sigmoid colon (C18.7), and
connection between the sigmoid colon and rectum
(C19.9). The code for rectum is C20.9.

Treatment modalities include colonoscopic poly-
pectomy, conventional open abdominal resection sur-
gery, and laparoscopic resection surgery. Hospitals
were classified as medical centers, metropolitan hos-
pitals, local community hospitals, and clinics. More-
over, hospitals were further classified as public hospi-
tals and private hospitals for hospital attributes. Post-
operative follow up was obtained from the health in-
surance database to determine if the patient underwent
colonoscopy test and CEA test. Patients were divided
into three groups based on the number of tests (0, 1,
and 2 or more).

Outcome measures

The National Cancer Registry was linked to the
Causes of Death File to determine if the patient died
during the follow-up period, the survival duration,
and whether the cause of death was colorectal cancer.

Statistical analysis

This is a retrospective cohort study, and continu-
ous variables (such as age) were divided into groups
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and presented as ordinal variables. Frequency distri-
bution and percentage were used to describe the distri-
bution of categorical variables and ordinal variables.
These variables include gender, age group, and com-
orbidity index. The percentage of recurrence or death
of stage I colorectal cancer patients during the fol-
low-up period was calculated.

The bivariate log-rank test and Cox proportional
hazards model were used to examine related factors
affecting the mortality risk in stage I colorectal cancer
patients during the observation period.

Results

Our study recorded the number of newly diag-
nosed colorectal cancer patients from 2007 to 2012
from the National Cancer Registry and followed up on
them until the end of 2016. Patients with other com-
orbid cancers, aged < 20 years, and missing personal
data (such as insurance amount and place of insur-
ance) were excluded. A total of 10,250 stage I colo-
rectal cancer patients were included in the study sta-
tistics.

The statistical results conveyed that more patients
were male (n = 5,952, 58.07%) and aged 61-74 years
(n=4,327, 42.21%). The group with the most people
for salary for health insurance premium was the
18,781-28,800 NTD group (n = 4,142, 40.41%) fol-
lowed by the < 18,780 NTD group (n =2,657,25.92%).
With regard to the level of urbanization, most patients
stayed in places with level 1 urbanization (n = 3,091,
30.16%) followed by those who stayed in level 2 ur-
banization (n = 3,068, 29.93%). The group with com-
orbidity (CCI) score of 0-1 point had the most sub-
jects (n=5,594, 54.58%), followed by 2-3 points (n =
3,260, 31.80%), and then 4 points and above (n =
1,396, 13.62%). With regard to tumor site, most pa-
tients presented with a tumor at the rectum (n = 4,147,
40.46%), followed by the left colon (n=4,072, 39.73%),
and then the right colon (n= 1,915, 18.68%).

With regard to hospital attribute, most patients were
from medical centers (n = 5,542, 56.64%) followed by
metropolitan hospitals (n = 3,800 38.83%). There
were 6,929 patients from private hospitals (68.79%).

Most patients received conventional resection surgery
(n = 4,565, 44.54%), while others received laparo-
scopic resection surgery (n = 1,218, 11.88%) and co-
lonoscopic polypectomy (n = 4,467, 43.58%). Most
patients underwent a single colonoscopy within two
years after definitive diagnosis (n = 3,888, 37.92%),
3,882 patients underwent two or more colonoscopies
(37.87%), and 2,480 (24.20%) patients did not un-
dergo colonoscopy at all. Most patients (n = 4,824,
47.06%) did not undergo CEA tests within two years
after surgery, while 4,460 (43.51%) underwent two or
more tests, and 966 patients (9.42%) underwent one
test.

Of the 10,250 stage I colorectal cancer patients,
300 died due to colorectal cancer, and the mean fol-
low-up duration for mortality was 71.45 + 26.33
months. The mortality rate was 3.52 per 1000 people.
The one-year, three-year, and five-year cancer-spe-
cific survival rates for stage I colorectal cancer pa-
tients were 99.34%, 98.54%, and 97.46%, respectively.
Table 1 shows the detailed statistical analysis.

Related factors affecting stage I colorectal
cancer mortality

Bivariate analysis of risk factors for stage I colo-
rectal cancer mortality found statistically significant
differences in gender, age, salary for health insurance
premium, level of urbanization, comorbidity, tumor
site, treatment modality, and postoperative periodic
follow up (p < 0.05). The proportion of males who
died was higher than females (p < 0.05). With regard
to age, the older the patient, the higher the proportion
of deaths (p < 0.05). The proportion of deaths was the
lowest in the group with a salary for health insurance
premium of > 45,801 NTD (p < 0.05). With regard to
the level of urbanization, the proportion of deaths was
highest for level 4 followed by level 3 (p < 0.001).
With regard to comorbidity, the greater the CCI score,
the higher the proportion of deaths (»p < 0.001). The
proportion of deaths was highest when the tumor site
was the rectum. With regard to treatment modality, the
proportion of deaths was lowest for laparoscopic sur-
gery followed by colonoscopic polypectomy, and the
proportion of deaths was highest for open abdominal
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Table 1. Basic information of study subjects

Stage:1
(N =10,250)
n %
Sex
Female 4,298 41.93
Male 5,952 58.07
Age (mean *+ SD) 64.68 £12.23
<60 3,513 34.27
61-74 4,327 4221
275 2,410 23.51
Salary for health insurance premium
< 18,780 NTD 2,657 25.92
18,781-28,800 NTD 4,142 40.41
28,801-45,800 NTD 2,071 20.20
>45,801 NTD 1,380 13.46
Level of urbanization
Level 1 3,091 30.16
Level 2 3,068 29.93
Level 3 1,558 15.20
Level 4 1,425 13.90
Levels 5-7 1,108 10.81
Comorbidity CCI
0-1 5,594 54.58
2-3 3,260 31.80
>4 1,396 13.62
Tumor site
Right colon 1,915 18.68
Left colon 4,072 39.73
Rectum 4,147 40.46
Not specified 116  1.13
Hospital level
Medical center 5,542 56.64
Metropolitan hospital 3,800 38.83
Local community hospital 443 453
Missing values 465
Nature of hospital
Private hospital 6,929 68.79
Public hospital 3,143 31.21
Missing values 178
Type of treatment
Conventional resection surgery 4,565 44.54
Laparoscopic resection surgery 1,218 11.88
Colonoscopic polypectomy 4,467 43.58
Number of colonoscopies within 2 years
0 2,480 24.20
1 3,888 37.93
22 3,882 37.87
Number of carcinoembryonic antigen tests
within 2 years
0 4,824 47.06
1 966  9.42
22 4,460 43.51
Mean follow-up period for mortality (months) ~ 71.45 +£26.33
Mortality due to colorectal cancer within 1 year 0.66%
Mortality due to colorectal cancer within 3 years 1.46%
Mortality due to colorectal cancer within 5 years 2.54%

surgery (p < 0.001). The proportion of deaths was
lowest for patients who underwent two or more colo-
noscopies within two years after surgery followed by
those who underwent a single colonoscopy, and pa-
tients who did not undergo colonoscopy at all had the
highest proportion of deaths (p < 0.05). The propor-
tion of patients who underwent two or more CEA tests
within two years after surgery had the lowest propor-
tion of deaths (p < 0.05). Table 2 shows the result of
bivariate analysis of risk factors.

We further employed Cox proportional hazards
model to examine the factors affecting stage I colo-
rectal cancer mortality risk. We found that compared
with patients aged < 60 years, the mortality risk for
those aged > 75 years was higher (HR, 1.68; 95% CI,
1.23-2.30). Compared with a CCI score of 0-1 point,
the mortality risk of patients with a CCI score of 2-3
points was 1.52 (95% CI, 1.17-1.98), and the mortal-
ity risk of patients with a CCI score of > 4 points was
2.07 (95% CI, 1.49-2.87). In comparison to patients
with a tumor site at the right colon, the mortality risk
for those with a tumor site at the rectum was higher
(HR, 7.08; 95% CI, 4.18-11.99). The mortality risk
for males was also higher (HR, 1.25; 95% CI, 0.99-
1.59). Furthermore, compared with patients who did
not undergo colonoscopy examination within two years
after surgery, patients who underwent one colono-
scopy (HR, 0.33; 95% CI, 0.25-0.43) or two or more
colonoscopies (HR, 0.24; 95% CI, 0.17-0.33) had a
significantly lower risk of dying from colorectal can-
cer. Although bivariate analysis showed that there are
differences in the proportion of stage I mortality for
treatment modalities, salary for health insurance, and
level of urbanization, these differences were not sta-
tistically significant in the Cox proportional hazards
model. Table 3 shows the result of COX proportional
hazards model.

Discussion

The subjects of this study were stage I colorectal
cancer patients in the National Cancer Registry, and
their three-year and five-year cancer-specific survival
rates were 98.54% and 97.46%, respectively. In com-
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Table 2. Bivariate analysis of mortality in stage I colorectal cancer patients

Stage: 1
Non-mortality or mortality not Mortality due to colon
due to colon cancer (N = 9,950) cancer (N = 300) p-value
n % n %
Sex 0.046
Female 4,187 97.42 111 2.58
Male 5,763 96.82 189 3.18
Age <0.001
<60 3,437 97.84 76 2.16
61-74 4,226 97.67 101 2.33
>75 2,287 94.90 123 5.10
Salary for health insurance premium <0.001
< 18,780 NTD 2,572 96.80 85 3.20
18,781-28,800 NTD 3,993 96.40 149 3.60
28,801-45,800 NTD 2,029 97.97 42 2.03
>45,801 NTD 1,356 98.26 24 1.74
Level of urbanization 0.012
Level 1 3,009 97.35 82 2.65
Level 2 2,992 97.52 76 2.48
Level 3 1,507 96.73 51 3.27
Level 4 1,365 95.79 60 421
Levels 5-7 1,077 97.20 31 2.80
Comorbidity CCI <0.001
0-1 5,474 97.85 120 2.15
2-3 3,141 96.35 119 3.65
>4 1,335 95.63 61 4.37
Tumor site <0.001
Right colon 1,898 99.11 17 0.89
Left colon 4,032 99.02 40 0.98
Rectum 3,904 94.14 243 5.86
Not specified 116 100.00 0 0.00
Hospital level 0.852
Medical center 5,379 97.06 163 2.94
Metropolitan hospital 3,686 97.00 114 3.00
Local community hospital 429 96.84 14 3.16
Missing values 456 98.06 9 1.94
Nature of hospital 0.193
Private hospital 6,716 96.93 213 3.07
Public hospital 3,061 97.39 82 2.61
Missing values 173 97.19 5 2.81
Type of treatment <0.001
Conventional open abdominal resection surgery 4,393 96.23 172 3.77
Laparoscopic resection surgery 1,201 98.60 17 1.40
Colonoscopic polypectomy 4,356 97.52 111 2.48
Number of colonoscopies within 2 years <0.001
0 2,315 93.35 165 6.65
1 3,808 97.94 80 2.06
>2 3,827 98.58 55 1.42
Number of carcinoembryonic antigen tests within 2 years 0.021
0 4,662 96.64 162 3.36
1 933 96.58 33 3.42
>2 4,355 97.65 105 2.35
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Table 3. Related factors to mortality due to stage I colorectal cancer (Cox proportional hazards model)

Mortality due to stage I colon cancer

HR 95% CI p-value

Sex

Female (reference)

Male 1.25 0.99 1.59 0.066
Age

< 60 (reference)

61-74 0.96 0.71 1.31 0.797

>75 1.68 1.23 2.30 0.001
Salary for health insurance premium

<18,780 NTD (reference)

18,781-28,800 NTD 1.10 0.83 1.47 0.511

28,801-45,800 NTD 0.81 0.55 1.19 0.279

>45,801 NTD 0.68 0.43 1.08 0.104
Level of urbanization

Level 1 (reference)

Level 2 0.86 0.63 1.19 0.361

Level 3 1.07 0.75 1.54 0.709

Level 4 1.21 0.84 1.74 0.306

Levels 5-7 0.71 0.45 1.11 0.127
Comorbidity CCI

0-1 (reference)

2-3 1.52 1.17 1.98 0.002

>4 2.07 1.49 2.87 <0.0001
Tumor site

Right colon (reference)

Left colon 1.23 0.67 2.23 0.504

Rectum 7.08 4.18 11.99 <0.0001
Hospital level

Medical center (reference)

Metropolitan hospital 1.01 0.78 1.31 0.924

Local community hospital 0.77 0.44 1.35 0.363
Nature of hospital

Private hospital (reference)

Public hospital 0.87 0.67 1.14 0.318
Type of treatment

Conventional open abdominal resection surgery (reference)

Laparoscopic resection surgery 0.70 0.42 1.17 0.174

Colonoscopic polypectomy 0.93 0.73 1.19 0.581
Number of colonoscopies within 2 years

0 (reference)

1 0.33 0.25 0.43 <0.0001

>2 0.24 0.17 0.33 <0.0001
Number of carcinoembryonic antigen (CEA) tests within 2 years

0 (reference)

1 1.19 0.80 1.75 0.396

22 0.86 0.66 1.13 0.283

parison with papers from other countries, a UK study
in a single hospital on 63 stage I colorectal cancer pa-
tients found that the two-year and five-year overall
survival rate after surgery was 93.7% and 92%, re-
spectively.® A single study conducted by one South
Korean hospital in 860 stage I colorectal cancer pa-

tients found that the recurrence rate was 4.1% after a
mean follow-up period of 60 months and the five-year
recurrence-free survival was 95.7%.” This was in con-
trast to this study in which the five-year cancer-spe-
cific survival for stage I colorectal cancer patients was
96.89%. However, cancer-specific survival presented
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in this study differs from recurrence-free survival in
the aforementioned papers as patients who relapsed
but did not die were not included in mortality rate sta-
tistics in this study. Papers with large-scale examina-
tion of stage I patients for colorectal cancer mortality
are not common. However, this study made use of the
National Cancer Registry and examined 10,250 stage
I colorectal cancer patients. In addition, we simulta-
neously calculated the mortality rate during the long
follow-up period. The statistical results conveyed im-
provements and popularization of medicine in Tai-
wan, and related data can be used as a reference for
studies in other countries.

From the results of this study, we can see that
there are different risk factors influencing the risk of
recurrence and mortality in stage I colorectal cancer
patients. Age and gender are intimately associated
with the incidence of colorectal cancer, and colorectal
cancer tends to occur in males aged 50 years and above.
However, the association of prognostic factors for
colorectal cancer after treatment with gender remains
a question. The literature showed that although gender
affects incidence, there are no significant differences
in prognosis and mortality rate in colorectal cancer
patients between genders.”® However, there are stu-
dies with different viewpoints: one study found that
the prognosis of women with colorectal cancer is sig-
nificantly better than men.”!® Our study showed that
although there are statistically significant differences
in terms of gender in stage I colorectal cancer mortal-
ity in the bivariate analysis (poorer for males), these
differences were not statistically significant after con-
trolling for other variables in the Cox proportional
hazards model.

With regard to the effects of age on colorectal can-
cer prognosis, many papers showed that age has sig-
nificant effects on colorectal cancer prognosis.'!!2
However, a study on prognosis after stage I colorectal
cancer treatment found that age will not affect recur-
rence rate after treatment.” Our paper only focused on
stage I colorectal cancer patients, and results showed
that age is a risk factor for stage I colorectal cancer
mortality.

Many papers pointed out that comorbidity sever-
ity also affects colorectal cancer prognosis.'>!* The

CClI score can clearly affect prognosis: the higher the
CCI score, the poorer the prognosis.* Our paper also
obtained similar results as we found that CCl is a risk
factor for stage I colorectal cancer mortality.

In theory, surgery or colonoscopic polypectomy
can be used for stage I colorectal cancer. The US Sur-
veillance, Epidemiology, and End Results Program
data analysis found that the five-year cancer-free sur-
vival rate when colectomy was used in early-stage
(stage 0 and 1) colorectal cancer was 96.6%. If only
colonoscopic polypectomy was used, the five-year
cancer-free survival rate could have been 89.9%.'*
Another study on stage I colorectal cancer patients
compared the recurrence rate when colonoscopic poly-
pectomy or surgical resection was performed, and the
statistical results showed that the recurrence rate for
colonoscopic polypectomy and surgical resection was
6.2% and 3.4%, respectively.'> However, our study
found that in the bivariate mortality rate analysis for
stage I colorectal cancer, the mortality rates for con-
ventional open abdominal surgery and colonoscopic
polypectomy are higher than that of laparoscopic re-
section surgery. However, after controlling for rele-
vant variables in the Cox proportional hazards model,
it was found that the type of surgery is not related to
the mortality risk of stage I colorectal cancer. In addi-
tion, many papers found that the mortality risk when
the tumor site is at the rectum is higher than those at
the colon.'>!'® Similarly, our study found that stage I
colorectal cancer has a higher mortality risk compared
with colon cancer (HR, 7.08; 95% CI, 4.18-11.99).

In different countries and regions, the outcomes of
colorectal cancer treatment are vary: the mean sur-
vival rate of colorectal cancer patients in developed
countries is significantly higher than those from de-
veloping countries. In Asia, the five-year mean sur-
vival rates for colorectal cancer in South Korea, main-
land China, Thailand, and India are 60%, 44%, 35%,
and 28%, respectively. In Europe, these rates are 53.1%,
60.3%, 61.9%, 59.3%, and 32.6% in the UK, France,
Germany, Italy, and Poland, respectively.'”'® Although
Taiwan is a developed country, there are large differ-
ences between counties and cities as the healthcare
level of remote places cannot be compared with those
of major cities. Therefore, in this study, villages, town-
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ships, and cities in Taiwan were classified by levels of
urbanization to compare whether the level of urban-
ization has any effect on the prognosis of stage I colo-
rectal cancer after treatment. From our study, we found
that although there are significant differences in the
proportion of deaths in patients from different levels
of urbanization, after controlling for related variables
in the Cox proportional hazards model, we found that
the level of urbanization is not related to mortality
risk. This may be because the healthcare level of Tai-
wan is relatively uniform, and the distance between
cities and villages is not far. Patients living in areas
with low level of urbanization also have hospitals with
suitable healthcare levels, or patients are willing to
seek treatment in major cities after diagnosis. There-
fore, there is no statistical difference in mortality risk.

Periodic follow up after treatment also affects the
prognosis of colorectal cancer patients. The aim of pe-
riodic follow up is to discover recurrence or other new
tumors as early as possible, thereby, arranging subse-
quent curative treatment to increase the survival rate
of patients.'® In particular, multiple recurrent or meta-
static tumors will not result in many clinical symp-
toms in patients. Therefore, periodic and close follow
up can increase the overall survival of colorectal can-
cer patients, detect recurrent tumors with no clinical
signs, and increase the probability of resecting tumors
after recurrence.?**!

However, the subjects of most studies on postop-
erative follow up in colorectal cancer are stages 2 and
3 colorectal cancer patients, and there is no conclu-
sion drawn on stage I colorectal cancer patients at
present. Colonoscopy is an important component of
post-operative surveillance and allows the detection
of relapses with endoluminal lesion, including meta-
chronous adenomas or invasive carcinoma during fol-
low up. Many papers have mentioned that periodic
postoperative colonoscopy can reduce the mortality
risk of colorectal cancer patients.”>* Similar conclu-
sions were obtained in this study: periodic colono-
scopy after surgery in stage I colorectal cancer pa-
tients can effectively reduce the risk of death from
colorectal cancer; a lower mortality risk for stage I
colorectal cancer is observed for patients who under-
go a single colonoscopy (HR, 0.33; 95% CI, 0.25-

0.43) or two or more colonoscopies (HR, 0.24; 95%
CI, 0.17-0.33). Bivariate analysis found that the num-
ber of CEA tests establish statistically significant dif-
ferences in mortality risk in stage I colorectal cancer
patients. However, after controlling relevant variables
in Cox proportional hazards model analysis, the dif-
ferences were not statistically significant.

Conclusion

Our study shows that the five-year mortality rate
of stage I colorectal cancer was 2.54%. The risk fac-
tors for stage I colorectal cancer mortality were age >
75 years, CCI > 2 points, and rectal lesions. Conver-
sely, undergoing one or more colonoscopies within
two years after surgery can reduce the risk of colo-
rectal cancer mortality.
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