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INTRODUCTION 

Cancer is a major health burden across the world, with 

over 14.1 million new cancer cases worldwide in 2012. 

Of these, around 1.35 million cases (9.6%) are new cases 

of colorectal cancer. The number of colorectal cancer 

cases is expected to increase by 80% by the year 2035, 

climbing to approximately 2.4 million new colorectal 

cancer cases and contributing to 1.3 million deaths 

worldwide.1 Colorectal cancer also is the third most 

common cancer in men and the second most common 

cancer in women.2 

Cancer has been reported as the third leading cause of 

death in Malaysia by the Ministry of Health in Malaysia, 

after heart disease and pulmonary circulatory disease, and 

septicaemia. Colorectal cancer is the second most 

common type of cancer for both sexes, exceeded only by 
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lung cancer in men and breast cancer in women, 

represents 10.2% of total cancer cases in Malaysia.3 

Cancer survival in Malaysia has been studied at a 

regional level. A retrospective record review study 

analysed survival rates of patients diagnosed with 

colorectal cancer between 1996 and 2005 in Hospital 

Universiti Sains Malaysia (HUSM), Kelantan.4 The study 

reported that the overall 5-year survival rate was 34.3% 

and three significant independent prognostic factors 

identified were Dukes staging at diagnosis, the presence 

of liver metastases and treatment modalities. Our study 

aim to identify the effect of individual-level factors on 

survival prognosis for patients with colorectal cancer 

diagnosed between six years period, covers whole states 

in Malaysia. 

METHODS 

The original data that we received from the database of 

the NCPR-CC consisted of 4501 patients with 

histologically verified primary colorectal cancer 

diagnosed between 2008 and 2013 (ICD-10, C18-C20). 

After excluding patients without Malaysian citizenship, 

patients with negative age and negative survival time, 

there were 4412 subjects‟ data available for analysis.  

Variables chosen to be used to describe patients‟ social 

demographic were age, race, gender, education level and 

smoking status. For clinical characteristics, the presence 

of diabetes mellitus, tumour site, stage at diagnosis, the 

presence of metastases, and tumour differentiation were 

chosen to be included in the study. The treatment 

modalities were categorized into four types of treatment 

received by the patients. They are patients who 

underwent surgery alone, patients who underwent surgery 

followed by chemotherapy and/or radiotherapy, patients 

who underwent chemotherapy and/or radiotherapy and 

patients who got other alternative treatments or palliative 

care. Patients without information of treatment received 

were recorded as an unknown group.  

Patient status in this data is given as either dead, alive, or 

lost to follow up. The date and cause of death were 

documented in our data where applicable. For each 

patients, survival time was computed from the date of 

diagnosis to date of death and follow up was done to the 

end of 2013 or the censoring date in this study was 31st 

December 2013. The specific cause of death provided in 

the data was not verified and could not therefore be 

deemed reliable, so we decided to perform the analysis on 

all-cause mortality.  

A Cox regression model was used to explore the 

relationship between patients‟ survival and the chosen 

explanatory variables.5 Analysis was performed using the 

survival package in R.6 

The validity of the proportional hazards (PH) assumption 

was assessed using Scaled Schoenfeld. Since all of our 

variables are categorical (except for age), and computing 

correlation of such variables is not ideal, we looked at the 

correlation between the estimated parameters of the 

model instead. We additionally used the Variation 

inflation factor to check for multicollinearity. The 

possible interaction between variables in the model were 

checked by fitting cross product terms. The interactions 

were checked between the variables smoking, education, 

treatment, staging, site, tumor differentiation and 

metastasis.  

Cox snell residuals were used for assessing overall model 

fit and determining whether the Cox regression model is 

a suitable choice for this data. A straight line with a unit 

slope and zero intercept indicates that the fitted survival 

model is satisfactory. Finally, findings are presented with 

hazard ratio (HR) and 95% confidence interval. 

RESULTS 

The Kaplan Meier estimates for all data are shown in 

Figure 1. The overall survival rate at the end of the first 

year was almost 80%, and the overall survival rate for the 

entire 5-year period in this study was 44%, 95% CI 

(42%,46%).  

 

Figure 1: Kaplan Meier survival curve. 

Kaplan Meier survival curve shows that the overall 

survival rate for the entire 5-year period in this study was 

44%, 95% CI (42%, 46%).  

We then fitted a Cox regression model to the data. Table 

1 presents the effects of covariates on colorectal cancer 

survival, given in terms of hazard ratios and 95% 

confidence interval. Age, third-degree education, cancer 

staging, poor tumour differentiation, the presence of 

distant metastases and receiving „other‟ treatments were 

factors that increased the risk of death for colorectal 

cancer patients in the model.  
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Table 1: Cox regression model for individual effect on 4412 colorectal cancer patients in Malaysia. 

Variable  Mean±SD or N (%) Adjusted HR (95% CI) 

Age (year) 61.2±12.7 1.01(1.01,1.02) 

Sex   

 Female 1894 (42.9) 1.00 

 Male 2470 (56.0) 1.01 (0.91, 1.11) 

 Missing 48 ( 1.1) 0.67 (0.38, 1.18) 

Race   

 Non Malay 2489 (56.4) 1.00 

 Malay 1901 (43.1) 1.32 (1.21, 1.45) 

 Missing 22 ( 0.5) 1.38 (0.64, 2.97) 

Smoking   

 Non-smoking 1543 (35.0) 1.00 

 Former smoker 528 (12.0) 1.25 (1.07, 1.47) 

 Active smoker 423 ( 9.6) 1.17 (0.99, 1.39) 

 Missing 1918 (43.4) 1.04 (0.93, 1.18) 

Education   

 No Education 399 ( 9.0) 1.00 

 Primary 553 (12.6) 0.92 (0.76, 1.12) 

 Secondary 651 (14.8) 0.96 (0.79, 1.16) 

 Tertiary 195 ( 4.4) 0.60 (0.45, 0.81) 

 Missing 2614 (59.2) 1.01 (0.87, 1.19) 

Diabetes   

 No 3021 (68.4) 1.00 

 Yes  982 (22.3) 1.07 (0.96, 1.20) 

 Missing  409 ( 9.3) 0.85 (0.72, 1.00) 

Cancer site   

 Colon 2394 (54.3) 1.00 

 Rectosigmoid junction  631 (14.3) 1.16 (1.02, 1.32) 

 Rectum 1379 (31.2) 1.08 (0.97, 1.19) 

 Missing  8 ( 0.2) 0.24 (0.03, 1.72) 

Staging   

 Stage I  215 ( 4.9) 1.00 

 Stage II  600 (13.6) 1.53 (1.05, 2.24) 

 Stage III  802 (18.2) 2.86 (2.00, 4.08) 

 Stage IV  647 (14.7) 5.59 (3.90, 8.00) 

 Not staged  620 (14.0) 2.66 (1.85, 3.84) 

 Missing 1528 (34.6) 3.54 (2.50, 5.02) 

Treatment modalities   

 Surgery Alone 1658 (37.6) 1.00 

 Surgery+Chemo/&Radio 1454 (32.9) 0.90 (0.80, 1.01) 

 Radio+&Chemo  437 ( 9.9) 1.14 (0.96, 1.35) 

 Other treatment  140 ( 3.2) 1.85 (1.47, 2.32) 

 Unknown treatment 723 (16.4) 1.17 (1.00, 1.36) 

 

Our model shows that the most important prognostic 

factor affecting survival in colorectal cancer patients is 

the stage at diagnosis. Patients diagnosed when their 

cancer was already at Stage IV had an almost 6-fold 

greater risk of dying from colorectal cancer than those 

who were diagnosed at Stage I.  

Patients who were active smokers had a greater risk of 

dying compared to non- smokers in but the effect was not 

significant. Malay race and tumour at the recto-sigmoid 

junction increased significantly the risk of dying. 

Diabetic patients had a greater risk of dying compared to 

non-diabetic patients data, but this effect was not 

statistically significant. 

DISCUSSION 

This study is a preliminary investigation of the factors 

that will influence the survival of patients who have been 

diagnosed with colorectal cancer. The data we have used 
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come from the Malaysian National Cancer Patient 

Registry for Colorectal Cancer (NCPR-CC), which 

sources the data from 34 reference centres for colorectal 

cancer across Malaysia. Our analysis is based on data 

from 6 years of diagnoses and contains records on 4412 

people, who are all Malaysian citizens.  

An alternative approach that we could be applied to our 

data is the net survival method.7 In estimating net 

survival, there are approaches that can be applied: the 

cause specific approach and the all-cause mortality 

approach. The first requires knowing the cause of death 

for each individual and the second one requires all-cause 

mortality in the study group and an estimate of the 

“expected” mortality of a disease-free group having the 

same demographic characteristics as the study group. In a 

situation where the cause of death is not known, net 

survival estimators assume that the available expected 

cancer mortality rate correctly reflects mortality rates 

from other causes. This can be obtained from general 

population life tables. The mortality due to cancer can 

then be deduced from the all-cause and other-cause 

mortalities. This is also known as the excess hazard, if it 

refers to hazard.  

Epidemiological studies usually use the second of the 

above approaches because cause of death is often 

unavailable or unreliable. Cancer epidemiologists use 

“Relative-survival methods” for net survival estimation 

when there is no information on the cause of death.8 The 

net survival method is applicable to measure cancer 

survival after excluding the influence of other causes of 

death and is very useful in large scale studies such as 

EUROCARE-4 (European cancer registry based study on 

survival and care of cancer patients) and iCONCORD 

(Global surveillance of cancer survival study) where 

population survival differs substantially between 

countries.7,9,10 

We may consider using this method in future research 

with access to more data in order to get better picture of 

survival comparisons between countries, for instance 

extending our study to South East Asian countries. 

However, in this paper we chose to use the more widely 

applied Cox model; one advantage of doing this is that 

there already exists software for handling our planned 

work in spatial survival data analysis (the paper is in 

progress), though the extension to spatial net survival 

models would be novel and useful to the research 

community.  

Older age, having Malay ethnicity, higher cancer staging, 

the presence of distant metastases, having a poorly 

differentiated tumour, having „other‟ treatment modalities 

and having ever smoked were all associated with 

statistically significant increases in risk of death in 

patients with colorectal cancer, while higher education 

level statistically decreased the risk of dying from 

colorectal cancer.  

We found that cancer staging was the main factor 

affecting the risk of death in patients diagnosed with 

colorectal cancer. This data shows that there was an 

almost six-fold increase in the risk of death in patients 

with stage IV cancer compared to those with stage I 

cancer. This is consistent with previous findings and is 

obviously supported by biological theory because the 

stage of cancer describes the extent and severity of the 

disease at the commencement of treatment.11-13  

Many studies have reported that age was an independent 

prognostic factor for colorectal cancer.13-16 Previous study 

noted that the youngest age group in their study (≤35 

years old) had significantly poorer overall survival rate 

compared to older patients due to the greater proportion 

of these younger patients presenting at a late stage of 

cancer.16 However, having accounted for other variables, 

age was not an independent prognostic factor in their 

study. Previous research analyzed age as a categorical 

variable, while our study analyzed age as a continuous 

variable. The data supported a linear trend in log risk 

with age. Our findings show that there is a very slight 

increase in the risk of death for each extra year of age at 

diagnosis.  

Malaysia is a multi-ethnic country; the three main ethnic 

groups in Malaysia are Malay, Chinese and Indian. The 

predominant ethnic group in Malaysia is Malay, 

constituting 63.1% of the total population in Peninsular 

Malaysia. One study in Malaysia previously reported that 

the Chinese ethnicity has the highest age adjusted 

mortality rate (11.85 deaths per 100,000 population), 

compared to 9.56 and 7.08 deaths per 100,000 population 

in Malay and Indian races respectively.17 However, they 

did not assess the risk of death from colorectal cancer for 

each of these ethnic groups separately. In our study, we 

have re-categorized race into Malay and non-Malay to 

compare their risk of death from colorectal cancer. There 

are fewer Malay patients than non-Malay in this dataset 

(43% vs 56.4%), and we find that Malays had shorter 

survival than non-Malays; they had a 30% greater risk of 

dying from colorectal cancer than the non-Malays in our 

study.  

Different populations may have different types and levels 

of education and little is hitherto known about how 

patient education level may affect survival of colorectal 

cancer. A previous study grouped their patients into three 

levels of education: low, middle and high education, and 

found that both middle and high education had 

significantly lower risk of death compared to the low 

education group.18 They assume that the low education 

group had received less treatment and different types of 

surgery than others in the two higher educational 

categories.  

For our data, we found that patients with a tertiary-level 

education had a 40% lower risk of death than those 

without any formal education. Education level is often 

associated with socioeconomic status and those with 
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higher socioeconomic status commonly demonstrate 

better survival than those who do not. One study has 

suggested that higher survival rate can be achieved if the 

colorectal cancer patients adopted w ere to adopt a 

healthy lifestyle, and had better accessibility to medical 

care and higher level education.19 

In the meantime, public health information could be 

disseminated widely to help the population better what 

signs to look for and when to visit the doctor should early 

signs of cancer manifest themselves. Information on of 

available screening of screening programs should be 

made widely available to the population to encourage 

attendance.  

Smoking has been reported to lead to poorer survival in 

colorectal cancer patients. Many studies also support the 

finding that smoking adversely affected all-cause 

mortality in colorectal cancer patients.20-22 A possible 

mechanism by which smoking impacts colon cancer 

survival is related in some way, to surgery. A recent 

study found that colon cancer patients who were current 

smokers who received surgery alone had a significantly 

higher risk of death (Adjusted HR =1.14, 95% CI: 

1.07;1.12) from colon cancer compared to those in the 

never smoker group.23 

It is reasonable to expect an effect of cancer incidence 

from smoking, but there is also evidence that smoking 

affects survival from colorectal cancer.24 The association 

between current smoker and survival of colorectal cancer 

in our study was slightly insignificant but we did see a 

significant association between smoking and reduced 

survival in the former smoker group. Former smokers had 

a statistically significant 25% increase in the risk of dying 

from colorectal cancer compared to non-smokers. The 

risk for former smokers is higher even than for active 

smokers, who have a 17% increased risk of death 

compared to non-smokers. This could be because the 

classification of former smoker in this study is quite short 

(quit >30 days). We did not take into account the length 

of time for which ex-smokers had not smoked, or the 

number of cigarettes smoked per day. The effect of 

smoking may still be present if the former smokers had 

smoked for long periods of time, for example, more than 

10 years. A previous study on cigarette smoking and 

cancer mortality reported that there is a significant 

relationship between duration of smoking with mortality 

from colorectal cancer.25 Moreover, the risk of deaths 

among former smokers decreases with the number of 

years since they have stopped smoking.  

Furthermore, in our study, smoking status was derived by 

from medical records, and was not routinely recorded 

therein. Consequently assessment and assigning of 

exposure to smoking may be subject to misclassification, 

as we noted earlier that smoking also was found as the 

variable with the highest missing value in our data. 

Therefore, any association of between current smoker and 

survival from colorectal cancer in our study may not be 

picked up by our study. We suggest registries make sure 

that this variable is routinely documented in cancer 

registration form as it is an important variable to look for.  

Cancer in the rectosigmoid junction and rectum are often 

grouped together as rectal cancer or as left-sided 

colorectal cancer, and the outcome from these alternative 

classifications may be different to that which we observe 

here. Previous studies have reported that cancer at the 

right-side (colon) has poorer outcomes than the cancer at 

the left-side (combining recto-sigmoid and rectal 

cancers).26 Our study classified the cancer sites separately 

as colon, rectosigmoid junction or rectum and we found 

that the cancer site was not a significant predictor of 

outcome.  

With regards to treatment modalities, our findings 

showed that the combination of surgery and therapies 

(chemotherapy and/or radiotherapy) decreased the risk of 

death compared to those who had surgery alone. This 

finding was similar to a previous work on Malaysian 

colorectal cancer patients diagnosed in 2008-2009.17 

They suggested that their results were an indicator of the 

importance of adjuvant therapies (chemotherapy or 

radiotherapy or both) after surgery to prolong the 

patients‟ survival from colorectal cancer. On the other 

hand, patients with non-surgical treatments, such as 

chemotherapy, radiotherapy or other alternative 

treatments, are reported to have a higher risk of death.4,27 

This study demonstrated a slightly increased risk of death 

in men, similar to the previous findings but the result here 

was not statistically significant.28 A study stated a 

possibility that men may have a biologically more 

aggressive disease or a poorer response to adjuvant 

therapies, which contributes to their poorer survival.29 A 

better prognosis among women with colorectal cancer 

may be explained by the use of postmenopausal hormonal 

replacement therapy (HRT).30 Another previous study 

suggested that HRT extended survival in colon cancer.31  

Having diabetes mellitus, the known presence of distant 

metastases, and having a poorly differentiated tumour 

were all found to be strong prognostic factors in other 

studies.32,33 In our study, the presence of distant 

metastases and having a poorly differentiated tumour do 

have a significant effect on the survival outcome for 

colorectal cancer patients, but having diabetes mellitus 

does not. This contradictory result may be explained by 

the low number of patients with this characteristic in our 

study compared to previous studies.  

A particularly problematic aspect of our study was the 

large amount of missing data. Much covariate data was 

unavailable; for instance, 59% of data in the „education 

level‟ variable was missing. We noted that possible 

reasons for the data being missing were non-standardised 

data collection and data entry procedures, and the 

possibility of third party error in the recording of the data. 

We explored the missing data cases and found that the 
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risk of death increased with increasing number of missing 

covariates in our cases. As this might introduce bias into 

our analysis, we decided not to ignore the cases with 

missing data; the missing values were likely to be 

connected with clinically relevant factors such as cancer 

staging. We assessed the likely effect on our results in 

two ways. First, we ran the analysis including „missing‟ 

as a level of each predictor variable. Secondly, we 

analysed the subset of the study population for those who 

have complete data (n=742). We compared the point 

estimate of the hazard ratio for both models. It was 

reassuring to see that the results were very similar for 

both complete and all-case datasets so we decided to 

choose all-data analysis as our main model. 

Despite this challenge, this remains the largest study of 

colorectal cancer survival ever carried out in the country. 

With increasing rates of chronic disease in developing 

economies such as Malaysia, the results from this study 

are important and will help in understanding the 

individual effects on colorectal cancer prognosis in 

Malaysia.  

We found that more than half of the patients presented 

late in the disease at Stage III, Stage IV and missing 

stages. Our analysis revealed that the severity of the 

disease lead to poor prognosis in colorectal cancer in the 

population after adjusting for other individual 

characteristics such as age, gender and ethnicity. The five 

year survival for patients with stage III cancer around 

20%. In United States (US), the equivalent figures are 

between 90 and 53% for Stage III and around 12% for 

Stage IV.34 Cancer survival is affected by a number of 

factors. Stage at diagnosis is one, and the success of the 

treatment regime another. Age, race, smoking, and 

unemployment are others.35 To improve survival in 

Malaysia one strategy would be to increase the 

percentage of cases who present for diagnosis at Stage I 

or II. The five year survival rate in US for colon cancer 

patients with Stage I and II cancers are from 95 to 62%.34  

The success of such a strategy would depend on a number 

of factors. Public health campaigns can be helpful in 

persuading people with possible early signs of cancer, 

such as blood in stool, to go to the doctor. For example 

the National Bowel Cancer campaign in the UK has been 

successful in raising awareness, though they recognise 

that a subsequent change in survival will take time to 

achieve.36 

In Malaysia, in contrast to UK, there are barriers to health 

care based on income and social and economic 

circumstance. These too must be lessened or removed so 

that money and physical availability of suitable 

healthcare does not prevent people getting diagnosed and 

cared for when they have cancer.  

Additionally, we think that health education programs 

targeting high risk group and emphasizing the importance 

of early detection of cancer as well as knowledge on the 

importance of cancer treatment should be implemented. 

From the Kaplan Meier survival curve, we noted that in 

the non-education group had the poorest survival. Their 

survival was similar to those in missing education group, 

and it is possible that a bias has been introduced here 

since those with education missing might be more likely 

to be of lower educational status. Even though we found 

no interaction between cancer staging and education in 

this study, it is likely that education plays an important 

role in survival from colorectal cancer.  

Formulation of a better screening program needs to be 

extended so that it is a genuinely national program. 

Currently, Malaysia has no national screening for 

colorectal cancer. More promotional activities with 

regards to cancer are recommended to increase 

population survival rate in the future. 

CONCLUSION  

The findings from this study may enlighten both health 

practitioners and patients on the subject of colorectal 

cancer in Malaysia and help policymakers, authorities 

and health professionals to develop better healthcare and 

adequately plan for disease management in Malaysia. 

Emphasis on increasing public knowledge of the risks, 

symptoms and prevalence of colorectal cancer, together 

with prominent campaigns to promote screening, should 

be a focus for the future. 
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