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Introduction 
 
Colorectal cancer (CRC) is the second and third 
most commonly diagnosed cancer type in females 
and males, respectively, representing almost 10% 
of the global cancer incidence. These estimates 
correspond to age-standardized global incidence 
and mortality rates of 17.2 and 8.3 per 100000, 
respectively (1-3). There have been slightly more 

incident cases and deaths among men than 
among women in most parts of the world, except 
in the Caribbean (4). The reported incidence of 
CRC is highest in developed countries , in-
cluding the United States, Canada, Australia, 
northwestern Europe, Japan, South Korea, and 
Singapore. However, the incidence and mortality 
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rates for CRC are higher in Japan, South Ko-
rea, Singapore, China, Hong Kong, Taiwan, and 
Thailand (5-7). In Taiwan, more than 15410 new 
cases of CRC were diagnosed in 2013. The inci-
dence rate of CRC is 44.32 per 100000, and the 
mortality rate is 14.7 per 100000 in both sexes 
per year (8). 
CRC imposes a considerable social economic 
burden, which includes direct medical care (e.g., 
treatment by stage at diagnosis, type of cost and 
disease phase), nonmedical costs, and productivi-
ty loss. Cancer survival is an indicator of the 
overall effectiveness of health services in the 
management of patients. The five-yr survival rate 
of individuals with CRC was 65% in the United 
States. The five-yr survival rate of stage I and II 
CRC ranges from 80%-90%, whereas stage III 
and IV metastatic diseases are associated with 
five-yr survival rates of 60%-71% and 8%-13%, 
respectively (9,10). Currently, in Taiwan, the 
overall five-yr survival rate of CRC is 63.0% (11). 
The five-yr survival rate was 74.3% for stage I 
CRC compared with 76.6% for stage II, 56.6% 
for stage III and only 16.7% for stage IV (12). 
The lifetime cost usually increases with advanced 
stages. The average cost of CRC in Spain, Iran, 
and Malaysia was 20.298€, $10715, and RM 
13622 for stage I, 28.251€, $1592, and RM 19752 
for stage II, 36.8948€, $1642, and RM 24972 for 
stage III, and 27.001€, $16723, and RM 27377 for 
stage IV, respectively (7, 13, 14). In Taiwan, the 
average cost of treating CRC in $/per year was 
$8416 for stage II, $14334 for stage III, and 
$21837 for stage IV, indicating large savings with 
early diagnosis and treatment (6). 
CRC is considered primarily a “lifestyle” disease. 
Demographic variables, such as age, gender, fa-
milial CRC history, diets high in calories and an-
imal fat, alcohol consumption, and obesity, in 
addition to other factors, such as tumor site, size, 
grade, histologic type, TNM stage, and carci-
noembryonic antigen (CEA) level, have all been 
found to significantly affect survival in CRC 
(3,15-19). In the present study, we used popula-
tion-based data from the Taiwan Cancer Data 
Base of the medical center hospital in North 
Taiwan to compare socio-demographic and clini-

cal pathological characteristics, prognostic fac-
tors, and overall survival among 3 groups of CRC 
patients, i.e., those surviving 12, 36, and 60 
months.  
This study aimed to explore the survival rate and 
the potential factors influencing survival among 
CRC patients in northern Taiwan. 
 

Materials and Methods 
 
Study population 
We conducted a single-center, retrospective co-
hort study to estimate the survival outcome of 
patients diagnosed with colorectal carcinoma at 
Cathay General Hospital in North Taiwan from 
2007 to 2013. Data were extracted from medical 
records and the cancer database by trained data 
collectors. The eligibility criteria included the fol-
lowing: diagnosis and treatment of CRC; the In-
ternational Classification of Disease for Oncolo-
gy, 3rd Edition (ICD-O-3) topographical codes 
of C18.0-C20.9 (excluding C18.1) and morpholo-
gy codes of 8000-8152, 8154-8231, 8243-8245, 
8247-8248, 8250-8576, 8940-8950 and 8980-
8981. Participants who showed more than one 
type of cancer, ICD-O-3 morphology codes of 
8935-8936, 8153, 8240-8242, 8013, 8246, 8249 
and 9590-9720, a TXNXMX stage of 888 or 999, 
metastasis to the brain, or a survival time of 
fewer than six months were excluded. Demo-
graphic data extracted included gender, age at 
diagnosis, body mass index (BMI), smoking his-
tory, betel nut chewing status, drinking habits, 
and date of last contact or death. The evaluated 
tumor characteristics included primary site, histo-
logic type, grade/differentiation, and size, as well 
as treatment type and regional lymph node or 
distant organ metastases. The disease staging was 
based on the American Joint Committee on Can-
cer (AJCC) criteria; cancer site-specific factors 
included CEA, circumferential resection margin 
(CRM), tumor regression grade, perineural nerve 
invasion, KRAS mutation, obstruction, and per-
foration. Survival data were obtained using death 
and date of last contact records to determine the 
current situation or date of death of each patient. 
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The study was reviewed and approved by the 
hospital’s institutional Review Board (No. CGH-
P104060). 
Statistical analyses were performed using SPSS 
software (ver. 22.0, Chicago, IL, USA). Quantita-
tive values were compared using t-tests for inde-
pendent groups. Categorical data were analyzed 
using the χ2 test or Fisher’s exact test. Survival 
probabilities were estimated at intervals of 12, 36 
and 60 months from the date of diagnosis to the 
date of death. Survival curves were constructed 
using the Kaplan-Meier method, and differences 
were analyzed by the log-rank test. Cox propor-
tional hazards regression models were used to 
analyze survival by each variable. The level of 

statistical significance was set at P<0.05. All re-
ported P-values are two-tailed. 
 

Results 
 
Sample characteristics 
A summary of the demographic and clinical char-
acteristics of the participants is presented in Ta-
ble 1. 
The follow-up period continued to Dec 2015. We 
retrospectively evaluated 869 CRC patients from 
2007 to 2013. Of these, 454 subjects were males 
(52.24%). Most patients ranged in age from 51 to 
75 yr old (62.37%). The mean and median ages at 
diagnosis were 63.70 yr and 64 yr, respectively. 

  

Table 1: Demographic and clinical characteristics of CRC patients (N = 869) 
 

Variable Category N (%) 
Gender   
 Male 454(52.4) 
 Female 415(47.76) 
Age(yr)   
 Median(range, y) 64(17-97) 
 Mean ± SD, y 63.7±0.45 
 < 65 yr old 435(50.06) 
 ≧ 65 yr old 434(49.94) 

Primary tumor site   
 Colon 554(63.75) 
 Rectum 315(36.25) 
Tumor status   
 T1/T2 231(26.58) 
 T3 468(53.86) 
 T4 170(19.56) 
Regional lymph node metastasis   
 N0 476(54.78) 
 N1 208(23.94) 
 N2 185(21.29) 
Regional lymph node involvement   
 No 476(54.78) 
 Yes 393(45.22) 
Distant metastasis   
 No 747(85.96) 
 Yes 122(14.04) 
Stage   
 I 190(21.86) 
 II 238(27.39) 
 III 303(34.87) 
 IV 138(15.88) 
Histology type   
 Adenocarcinoma 797(91.71) 
 Mucinous carcinoma 64(7.36) 
 Signet ring-cell carcinoma 8(0.92) 
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 Table 1: (continued) 

Variable Category N (%) 
No. of lymph nodes examined   
 < 12 222(25.55) 
 ≧ 12 647(74.45) 

Tumor size   
 < 50 mm 528(65.27) 
 ≧ 50 mm 281(34.73) 

CEA   
 < 5.0 ng/ml 34(3.91) 
 ≧ 5.0 ng/ml 835(96.09) 

CRM   
 Negative 826(94.55) 
 Positive 47(5.45) 
Perineural invasion   
 No 496(54.68) 
 Yes 373(45.32) 
KRAS mutation   
 No 43(4.95) 
 Yes 25(2.88) 
 Unknown 801(92.17) 
Obstruction   
 No 512(58.92) 
 Yes 357(41.08) 
Perforation   
 No 853(98.16) 
 Yes 16(1.84) 
BMI   
 18.5-24 374(43.04) 
 ≥24 386(44.42) 
 Unknown 109(12.54) 
Smoking   
 No 602(69.28) 
 Yes 160(18.41) 

 Unknown 107(12.31) 

Drinking   

 No 642(73.88) 

 Yes 122(14.04) 

 Unknown 105(12.08) 

Chewing betel nut   
 No 733(84.35) 
 Yes 30(3.45) 
 Unknown 106(12.20) 

 
Approximately 63.75% of the patients were diag-
nosed with cancer of the colon. One-third of pa-
tients were registered as living with stage III 
(34.87%) cancer, and the most common histo-
pathological type reported was adenocarcinoma 
(91.71%). 
 

Survival outcome 
The mean survival time was 71.27±1.27 months. 
CRC-specific survival was 95.3%, 79.4% and 
68.7% at 1, 3 and 5 yr (Fig. 1). The five-yr surviv-
al rate for patients with stage I, II, III and IV dis-
ease was 91.20%, 82.20%, 63.20% and 21.70%, 
respectively (Fig. 2). 
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Fig. 1: Kaplan-Meier curves of patients with CRC 

 
 

 
 

Fig. 2: Kaplan-Meier curves of CRC by disease stage 
 

Log-rank (Mantel-Cox) tests for the equality of 
the survival functions were conducted as well as a 
univariate Cox regression analysis. Combining 
the results of analysis of Log-rank tests and the 
univariate Cox regression, significant predictors 
of survival were the age at cancer diagnosis, tu-
mor status, regional lymph node metastasis, distal 

organ metastasis, cancer stage, pathological dif-
ferentiation, histopathologic type, tumor size, 
CRM, perineural nerve invasion, KRAS mutation, 
obstruction, and perforation (Table 2 and Table 
3). The Cox forward stepwise regression model 
revealed a significant potentially curable disease 
and risk of CRC death (Table 4). 
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Table 2: Clinical and Pathological variables analysis (N = 869) 
 

Variable 

Survival Rate 
Overall Survival 
Rate / Std, Mo 

P-value 12 
Months 

36  
Months 

60 
Months 

Total 95.30 79.40 68.70 71.27/1.27  

Gender      

Male 95.00 80.00 69.90 70.28/1.86 0.981 

Female 95.60 78.70 67.60 69.65/1.71 

Age      

< 65 yr old 96.90 85.30 76.50 76.74/1.64 < 0.001 

≧ 65 yr old 93.70 73.50 60.90 63.78/1.75 

Primary tumor site      

Colon 95.50 80.50 69.30 71.90/1.58 0.493 

Rectum 94.80 77.60 67.90 67.88/1.95 

Tumor status      

T1/T2 99.50 95.60 88.80 83.71/1.49 < 0.001 

T3 96.30 80.00 69.20 62.29/1.60 

T4 86.80 55.80 40.70 52.58/3.10 

Regional lymph node metastasis      

N0 97.20 89.00 82.50 77.83/1.34 < 0.001 

N1 97.60 79.20 63.60 68.97/2.44 

N2 87.90 55.70 39.90 49.71/3.02 

Regional lymph node involvement      

No 97.20 89.00 82.50 77.83/1.34 < 0.001 

Yes 93.00 68.10 52.10 61.00/2.03 

Distant metastasis      

No 97.40 85.20 75.80 76.11/1.26 < 0.001 

Yes 82.20 41.30 21.90 36.63/2.68 

Stage      

I 100.00 96.60 91.20 84.82/1.54 < 0.001 

II 98.30 88.70 82.20 76.59/1.79 

III 95.60 78.10 63.20 68.91/2.21 

IV 82.80 40.10 21.70 36.20/2.56 

Histology type      

Adenocarcinoma 95.60 80.90 70.40 72.26/1.31 0.004 

Mucinous carcinoma 92.00 63.00 53.00 58.42/4.53 

Signet ring-cell carcinoma 87.50 60.00 30.00 42.41/8.59 

Pathological differentiation      

Low grade 96.10 82.10 71.20 72.94/1.31 < 0.001 

High grade 88.30 58.00 49.10 54.99/3.79 
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Table 2: (continued) 
 

Variable 

Survival Rate 

Overall Survival 
Rate / Std, Mo 

P-value 12 
Months 

36 
Months 

60 
Months 

No. of lymph nodes examined      

< 12 94.00 76.10 68.60 68.77/2.36 0.708 

≧ 12 95.70 80.60 68.80 71.55/1.47 

Tumor size      

< 50 mm 96.70 82.90 72.40 74.42/1.55 0.003 

≧50 mm 93.90 75.10 63.70 64.81/2.15 

CEA      

< 5.0 ng/ml 100.00 90.00 78.80 73.87/7.01 0.436 

≧ 5.0 ng/ml 96.30 80.10 68.70 69.56/1.32 

CRM      

Negative 95.60 80.70 70.20 72.41/1.31 < 0.001 

Positive 89.40 57.40 45.30 52.78/4.98 

Perineural invasion      

No 98.60 92.70 86.60 80.97/1.23 < 0.001 

Yes 93.50 66.70 50.10 58.57/2.09 

KRAS mutation      

No 90.20 26.70 0.00 25.60/1.79 0.005 

Yes 90.00 76.40 40.70 47.86/5.31 

Obstruction      

No 96.20 84.50 75.30 73.85/1.42 < 0.001 

Yes 94.30 71.30 58.30 64.08/2.17 

Perforation      

No 95.30 79.60 69.50 71.62/1.27 0.028 

Yes 93.30 68.90 17.20 44.61/6.10 

BMI      

18.5-24 96.10 82.70 72.90 71.70/1.56 0.227 

≥24 98.30 86.60 75.80 76.91/1.96 

Smoking      

No 96.90 83.80 73.90 73.94/1.31 0.646 

Yes 97.40 86.30 76.80 71.07/3.16 

Drinking      

No 96.80 84.20 73.50 73.74/1.28 0.785 

Yes 98.30 85.50 79.50 69.90/3.83 

Chewing betel nut      

No 96.90 83.90 73.70 75.09/1.31 0.229 

Yes 100.00 96.00 86.40 67.91/2.86 
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The following factors were associated with a relative 
excess hazard for death: age ≥65 yr (HR = 2.36, 
95% CI: 1.76-3.17, P<0.001); high grade of patho-
logical differentiation (HR=1.84, 95% CI: 1.27-2.66, 
P=0.001); perineural nerve invasion (HR=2.90, 95% 

CI: 2.03-4.14, P<0.001); metastasis to distant organs 
(HR=2.78, 95% CI: 2.00-3.87, P<0.001); intestinal 
obstruction (HR=1.38, 95% CI: 1.04-1.84, P=0.026); 
and multiple regional lymph node metastases 
(HR=1.81, 95% CI: 0.28-2.57, P=0.001). 
 

Table 3: Cox regression univariate analysis 
 

Variable Wald HR 95% CI P-value 

Age < 65 yr old     
 ≧ 65 yr old 19.85 1.87 1.42-2.47 < 0.001 

Tumor status T1/T2     
T3 25.03 3.54 2.16-5.82 < 0.001 

 T4 68.61 8.74 5.23-14.60 < 0.001 
Regional lymph node metastasis No     

Yes 58.54 3.05 2.29-4.05 < 0.001 
Distant metastasis No     
 Yes 133.49 5.57 4.16-7.45 < 0.001 
Stage I     
 II 8.14 2.55 1.34-4.86 0.004 
 III 27.19 5.01 2.73-9.18 < 0.001 
 IV 88.83 18.96 10.28-34.96 < 0.001 
Histology type Adenocarcinoma     
 Mucinous carcinoma 6.96 1.77 1.16-2.71 0.008 
 Signet ring-cell carcinoma 4.15 2.80 1.04-7.55 0.042 
Pathological differentiation Low grade     
 High grade 20.25 2.20 1.56-3.10 < 0.001 
Tumor size < 50 mm     
 ≧ 50 mm 8.75 1.53 1.15-2.03 0.003 

CRM Negative     
 Positive 13.29 2.18 1.43-3.31 < 0.001 
Perineural invasion No     
 Yes 83.05 4.43 3.22-6.10 < 0.001 
KRAS mutation No     
 Yes 7.22 3.90 1.45-10.51 0.007 
Obstruction No     
 Yes 21 1.87 1.43-2.44 < 0.001 
Perforation No     

 Yes 4.58 2.28 1.07-4.84 0.032 
 

Table 4: Forward stepwise Cox regression analysis 
   

Variable HR 95% CI Wald P-value 

Age     
< 65 yr old     

≧ 65 yr old 2.36 1.76-3.17 32.68 < 0.001 

Pathological differentiation     
Low grade     
High grade 1.84 1.27-2.66 10.54 0.001 

Perineural invasion     
No     
Yes 2.90 2.03-4.14 34.26 < 0.001 

Distant metastasis     
No     
Yes 2.78 2.00-3.87 36.48 < 0.001 

Obstruction     
No     
Yes 1.38 1.04-1.84 4.94 0.026 

Regional lymph node metastasis     
No     
Yes 1.81 1.28-2.57 11.22 0.001 
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Discussion 
 

This study observed factors connected with dis-
ease survival in a population-wide cohort with 
access to universal healthcare with a specific fo-
cus on recognizing the five-yr survival rate and 
risk factors of CRC. In a Taiwanese population-
based sample of patients with stage I-IV CRC, 
overall cancer survival reached 71.27±1.27 
months. Certain characteristics related to disease 
progression were strongly associated with the 5-
yr risk of death from CRC: age ≥ 65 yr, high 
grade of pathological differentiation, perineural 
nerve invasion, distant metastasis, obstruction 
and multiple regional lymph node metastases 
each independently increased the risk of death by 
factors of 1.38 to almost 3. No correlations were 
found in this study between characteristic varia-
bles (e.g., BMI or smoking, drinking, betel nut 
chewing habits) and CRC survival. 
CRC was more common in men than women in 
our study, which was in agreement with the age-
specific incidence rates reported by the Taiwan 
Health Promotion Administration in 2013. The 
median age in our study was 64 yr old; however, 
this age is slightly lower than that observed from 
cases during 2013, where the mean age of CRC 
patients was 66 yr (8). The five-yr survival rate 
found in this study was higher than (12) who re-
ported a survival rate of 55.70% among patients 
with CRC. This result is probably due to differ-
ences in the study populations, as the majority of 
patients in their study were ≥65 yr old. By age 
group, the five-yr survival rate was 76.50% in pa-
tients younger than 65 and 60.90% in patients ≥ 
65 yr old (P<0.001). After adjustment with the 
relevant control variables, we found that being ≥ 
65 yr old was associated with a relative excess 
hazard for death of 2.36 (95% CI: 1.76-3.17, 
P<0.001). Similarly, patient age at diagnosis ap-
pears to be an important prognostic factor for all 
patients (12, 19, 20). In our study, we found that 
nearly 17% of the patients were younger than 50 
yr old, with a minimum age of 17 yr. It is im-
portant to note the occurrence of CRC at a 
young age in our population. Patients younger 
than 50 yr would not yet qualify for screening 

and would be more likely to present with symp-
tomatic disease and have a poorer prognosis (21). 
Therefore, reducing the age at which patients 
should be screened for this condition could lead 
to improved outcomes. Such strategies as fecal 
occult blood testing using immunochemical 
methods could easily be implemented. 
The overall five-yr survival rate in our study was 
68.70%; this result is better than that reported by 
the HPA (8), in Taiwan (12), and the American 
Cancer Society, which estimated survival rates of 
63.0%, 55.69%, and 66%, respectively. In our 
study, the overall stage-specific five-yr survival 
rate was 91.20% for stage I, 82.20% for stage II, 
63.20% for stage III, and 21.70% for stage IV. 
Stage I and stage II CRC had an 80%-90% five-yr 
survival rate, whereas stage III and stage IV met-
astatic diseases were associated with five-yr sur-
vival rates of 60% and 8%, respectively (10). In 
comparison, the survival rates found in the pre-
sent study were higher than those previously re-
ported. The risk of death in stage I, II, III, and 
IV CRC was 2.55 (95% CI: 1.34-4.86, P<0.001), 
5.01 (95% CI: 2.73-9.18, P<0.001), and 18.96 
(95% CI: 10.28-34.96, P<0.001), respectively. 
Similarly, the number of lymph node metastases 
in CRC was an important factor of CRC survival 
(22, 23). In addition to AJCC stage, other factors 
influence the survival rate. Thus, the survival rate 
was investigated pathology results, such as tumor 
site, size, grade, histology, lymph node metastasis, 
perineural nerve invasion and other variables in 
addition to the AJCC stage, T stage, N stage, and 
M stage as independent variables (20, 22, 24,25). 
In most cases, early-stage CRC does not present 
obvious symptoms; as such, muscle infiltration or 
distant metastases have occurred by the time of 
diagnosis. In this study, tumor status, regional 
lymph node metastasis, and distant metastasis 
independently affect the survival rate of CRC pa-
tients. These results are consistent with CRC sur-
vival rate estimates reported (26-28). The present 
findings show that high-grade pathological differ-
entiation was associated with a relative excess 
hazard for death of 1.84 (95% CI: 1.27-2.66, 
P=0.001). Similarly, grade level could inde-
pendently affect the survival rate of CRC patients 
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(26, 28, 29). Early CRC staging has a positive ef-
fect on survival rate. Therefore, the earlier detec-
tion of CRC should lead to substantial improve-
ments in survival. CRC screenings were at < 50 
yr of age (12, 19, 24). 
In the present study, the univariate analysis re-
vealed that histology type was a significant factor. 
There were significant percentages of mucinous 
adenocarcinoma (7.36%) and signet ring cell car-
cinoma (0.92%). These findings are similar to 
those of previous CRC studies (12, 24, 28). The 
risk of death in mucinous adenocarcinoma and 
signet ring-cell CRC with adenocarcinoma was 
1.77 (95% CI: 1.16-2.71, P=0.008) and 2.80 (95% 
CI: 1.04-7.55, P=0.042), respectively. The histol-
ogy type of CRC was a risk factor for survival 
rate (12, 28). However, in the forward stepwise 
Cox regression analysis, histology type did not 
independently affect the survival rate of CRC 
patients. 
In this study, perineural nerve invasion was asso-
ciated with a relative excess hazard for death of 
4.43 (95% CI: 3.22-6.10, P<0.001). Furthermore, 
our forward stepwise Cox regression analysis 
showed that perineural nerve invasion was asso-
ciated with improved predictions of CRC prog-
nosis, which was in agreement with previous re-
ports (12, 30-32). After adjustment with the rele-
vant control variables, peripheral nerve invasion 
remained an independent predictor of patient 
survival and prognosis. The importance of this 
factor should be considered by clinicians when 
assessing the prognosis of patients. 
Obstruction was a significant factor affecting the 
survival of CRC patients. In the present study, 
the univariate Cox regression analysis demon-
strated better survival in patients without ob-
struction (HR = 1.87, 95% CI: 1.43-2.44, 
P<0.001). After adjustment with the relevant 
control variables, obstruction was associated with 
a relative excess hazard for death of 1.38 (95% 
CI: 1.04-1.84, P=0.026). These findings are simi-
lar to other studies (33, 34). 
One limitation of this study was the small sample 
size; in addition, the findings were generated us-
ing data from a single medical center hospital in 
North Taiwan. Thus, the results of some survival 

comparisons were not significant. These limita-
tions should be considered when applying these 
results to other districts in Taiwan that may have 
demographic differences. Furthermore, multicen-
ter studies should be conducted to merge patient 
datasets for further research in Taiwan. 
 

Conclusion 
 
There are numerous prognostic parameters af-
fecting survival in colorectal cancers. Presence of 
perineural nerve invasion, distant metastasis, age, 
pathological differentiation grade, obstruction 
and regional lymph node metastasis are inde-
pendent predictors of the survival and prognosis 
of patients with CRC. Perineural nerve invasion 
and distant metastasis appeared to be important 
prognostic factors affecting the entire patient co-
hort. Therefore, the earlier detection of CRC 
should lead to substantial improvements in sur-
vival. 
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