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ABSTRACT 

Colorectal cancer, which is also known as bowel cancer, colon cancer, or rectal cancer, is the 

third most common cancer worldwide, and the second most common in Malaysia. In most 

situations, the tumor/cancer may return even after the tumor removal. The impact of the type of 

surgery performed for tumor removal on the occurrence of a new tumor and the impact of a 

patient’s state at previous follow-up on the occurrence of a new tumor in the next follow-up are 

of interest. Thus, the probability of surviving with no tumor recurrence, the probability of 

surviving but with tumor recurrence, and the probability of not surviving can be obtained. A 

multistage logistic regression, which was designed for longitudinal data, was used. Data from 

161 colorectal cancer patients who experienced tumor removal through surgery and were 

followed-up for two years were used in this study. The results showed that in the first year after 

tumor removal surgery, regardless of whether the patients had undergone elective or emergency 

surgery, the chance of patient survival with no tumor was approximately five times higher than 

the chance of dying; meanwhile, the chance of dying was approximately three times higher than 

the chance of developing a new tumor. Similar results have also been obtained for a period of 2 

years after the tumor removal surgery.  
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1. INTRODUCTION 

This study was motivated by problems with the analysis of life historical data in clinical 

research. Most existing statistical models are based on concepts according to which a disease 

instantaneously occurs. Traditional survival analysis deals with analyzing follow-up time: the 

time elapsed from a starting point until a specific event occurs. Follow-up studies usually stop 

when the event of interest takes place. However, in most follow-up studies, individuals may 

experience more than one event at different stages of follow-up. The occurrence rates of these 

events may be of interest. The traditional survival model, however, is not suitable for analyzing 

follow-up studies in which more than one event of interest occurred. A multistage model is one 

of the available methods for analyzing follow-up studies in which more than one event of 

interest occurs. It can provide a more comprehensive view of a disease process, allowing the 

estimation of probabilities while making use of incomplete information efficiently and handling 
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loss to follow-up problems appropriately. Examples of diseases from which patients may 

experience more than one event include all kinds of cancers, myocardial infarction, heart 

disease, cyst development, and diabetes.  

Cancer is an uncontrolled growth of abnormal cells, also known as cancer cells, or malignant 

tumors anywhere in a body. Cancer cells can break away from their original form, travel 

through the blood and lymph systems, and invade other organs (Reboux, 2018). To stop the 

uncontrolled growth cycle of cancer cells, certain treatments must be considered. Surgery, 

chemotherapy, and radiotherapy are among the options available for the treatment of patients 

with cancer. 

Colorectal cancer, which is also known as bowel cancer, colon cancer, or rectal cancer, is the 

third most common cancer worldwide. In Malaysia, colorectal cancer is the second most 

common cancer in males and the third most common cancer in females (Veettil et al., 2017). 

The incidence and mortality of colorectal cancer are higher in males compared to females. 

Meanwhile, in terms of ethnicity, those of Chinese ethnicity have the highest incidence of 

colorectal cancer (Hassan et al., 2016), followed by those of Malay and Indian ethnicities. In 

Malaysia, most patients with colorectal cancer are diagnosed at a very late stage (Goh et al., 

2005; Rashid et al., 2009). This could be due to a lack of awareness of the symptoms and signs 

of colorectal cancer as well as the increasing incidence of colorectal cancers in Malaysia. Delay 

in looking for treatment or screening for colorectal cancer detection before any symptoms or 

signs occur may adversely impact recovery and survival. A national program for colorectal 

cancer screening should be implemented, especially in low-income communities (Tze et al., 

2016) 

Even though there are several choices of treatment for colorectal cancer patients, surgery is the 

most common treatment for tumors. Tumor surgery involves the removal of part of the healthy 

intestine and the nearby lymph nodes of patients. Medical surgery for tumor removal is suitable 

not only for younger patients but also for the elderly, as delayed mortality and an early survival 

rate can be expected among elderly patients (Hobler, 1986). In most situations, the 

tumor/cancer may recur after treatment, and it may affect the rectum, colon, or any other part of 

the body even though the surgery has been performed on the patients. Therefore, even after 

successful surgery, some patients may require chemotherapy to reduce the risk of the tumor 

returning. In other words, follow-up treatment is always a must for colorectal cancer patients. 

However, the question of how fast the new tumor can develop once it has been removed 

remains unanswered. This study examined the effect of the types of surgery that have been 

performed on patients, and the effect of patients’ conditions in the previous follow-up on the 

chance of new tumor recurrence in the subsequent follow-up.  

1.1. Objectives of the Study 

At every one-year follow-up time (also referred to as stage k), colorectal patients undergo a 

checkup to determine whether the tumor has returned. If it has, another surgery is performed. 

Generally, the impact of the type of surgery performed on a patient at time tk-1 on the 

occurrence of a new tumor at time tk, and the impact of a patient’s state at time tk on the 

occurrence of a new tumor at tk+1, are of interest. Thus, this study aimed to: (1) Model the effect 

of different types of surgery and the state of colorectal cancer patients in the previous follow-up 

on the probability of tumor recurrence; and (2) Obtain the probability of surviving with no 

tumor recurrence, the probability of surviving but with tumor recurrence, and the probability of 

not surviving. 
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2. METHODOLOGY 

In multistage analysis, the definitions of events are always the same at any follow-up time, and 

the occurrences of events at previous follow-up times are examined in terms of covariates. The 

multistage model has been used widely in analyzing cancer development and has been found to 

be very successful in describing many features of cancer development (Armitage & Doll, 1954; 

Moolgavkar, 1978; Holford et al., 1994; Pompei & Wilson, 2001; Ritter et al., 2003). However, 

the early version of the multistage model was based on duration or time of occurrence (ti) of an 

event, and thus it is not suitable for events measured in a categorical manner, such as exist or 

not exist.  

Logistic or probit regression models have the ability to deal with events that are measured in a 

categorical manner. Both logistic and probit regression models can be used in the exact same 

situations, and the discrepancy in the overall results of the model are typically extremely slight 

to non-existent. A logistic regression uses a logit link function, while a probit regression uses an 

inverse normal link function. The choice between the two methods usually comes down to 

interpretation and communication. The logit links provide a slightly intuitive way to interpret 

the effects of a factor, while interpreting the probit link is more difficult.  

In traditional logistic regression, the duration or time of occurrence (t i) of an event is ignored in 

the model. A logistic regression model is an appropriate procedure for describing the effect of 

several numbers of categorical or continuous explanatory variables on the probability of 

occurrences of a dichotomous outcome variable (Peng et al., 2002). Logistic regression has 

been applied in many different areas, such as in medicine (Yusuff et al., 2012; Zangmo & 

Tiensuwan, 2018), engineering (Barus et al., 2016), and social sciences (Ramosacaj et al., 

2015). However, most follow-up studies have more than one type of event; thus, the traditional 

logistic model is no longer suitable for use. Therefore, a multistage logistic model (Islam et al., 

2004) is preferred.  

A multistage logistic model is based on a conditional approach and uses the occurrences of 

previous events efficiently. It is an extension of logistic regression for the covariate-dependent 

Markov model (Muenz & Rubinstein, 1985) that can be implemented not to only first order but 

also to a higher order covariate dependence. It can be employed to solve problems in modeling 

transitions, reverse transitions, and repeated transitions. One of the advantages of the multistage 

logistic model is that the definition of events is not necessarily the same but can also change 

with respect to the stage, and the occurrences of events are examined at follow-up times within 

a stage. A multistage model often provides more insight into a study and can give more precise 

survival estimates. In a multistage model, the transition between any two adjoining states of an 

event is modeled by either a Markov or a semi-Markov process. A semi-Markov model can be 

considered as a generalization of the Markov model.   

2.1. Preparation of Multistage Logistic Model in Colorectal Cancer Patients’ Data  
In general, each colorectal cancer patient who has undergone the first surgery for tumor 

removal is considered as being in state y = 1 at year 0 (stage 0). Each patient may develop a 

new tumor (also known as tumor recurrence) in the next one-year follow-up (also known as 

stage 1), may not develop a new tumor, or may die. If the patient experiences tumor recurrence 

in stage 1, a new surgery is performed to remove the new tumor. In the next one-year follow-up 

(stage 2), colorectal cancer patients once again undergo a checkup to determine whether another 

new tumor has developed. The state transition from stage 0 to stage 1, and from stage 1 to stage 

2, is shown in Figure 1. For example, patients can remain in the same state 1 (survive with no 

tumor recurrence) throughout the study period (later denoted by 1-1-1) or can move from state 1 

to state 2 (tumor recurrence) in year 1 and finally state 0 (died) in year 2 (later denoted by 1-2-

0). Details of state transitions are shown in Figure 1.  
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Figure 1 State transition at different stages of observation 

To model the transition state Ymk of patients, from stage (k-1) to stage (k), and from stage (k-1) 

to stage (k) to stage (k+1), we can define Ymk = i, where Ymk = 2 if a tumor recurrence event 

occurred at the observed stage k for the m
th
 patient m = 1,2,3,…,nk ; Ymk = 1 if a patient 

survived with no tumor recurrence; and Ymk = 0 if a patient did not survive or was  loss to 

follow-up. Generally, the logistic regression model for an event at k
th
 stage can be written as: 

                     (1) 

where  for k = 1,2 is the vector of parameters corresponding to the vector of covariate Zk. 

Generally, the vector of covariates is denoted as: 

 For k = 1 (stage 1), Z1 = [z1, z2, …, zp]; 

 For k = 2 (stage 2), Z2 = [z1, z2, …, zp, zp+1], where zp+1 = 2,1,0 for any events that take place 

during stage 1. Considering the first order Markov model, only one previous event is 

considered as a covariate in the model. 

The logit of the probability of the existence of tumor recurrence at stage 1 can be defined as a 

linear function of covariates: 

            (2a) 

Meanwhile, the logit of the probability of surviving with no tumor recurrence at stage 1 can be 

defined as a linear function of covariates:  

             (2b) 

which gives the probability of each event at different stages for a given covariate vector as:   

          (3) 

As given by Islam et al. (2004), the likelihood contribution of the kth stage can be written as: 
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          (4) 

Thus, the overall likelihood function and the log likelihood function is given by:   

             (5) 

The estimation of the pth parameter of the transition at the kth stage is computed by: 

   (6) 

                                      

3. RESULTS AND DISCUSSION 

This study focused on the effect of surgery treatment and the state of patients in the previous 

follow-up on the probability of tumor recurrence among colorectal cancer patients. Table 1 

gives the summary of the data based on gender, ethnic groups, age at diagnosis, and stage at 

diagnosis. 

 

Table 1 Summarized profile data of 161 colorectal cancer patients 

Profile Frequency Percentage 

Gender 
Male 

Female 

84 

77 

52% 

48% 

Ethnicity 

 

Malay 

Chinese 

Indian 
Others 

59 

96 

5 
1 

37% 

60% 

3% 
1% 

Age at Diagnosis 

 

15-29 

30-49 

50-64 
65 and over 

2 

21 

75 
63 

1% 

13% 

47% 
39% 

Stage at Diagnosis 

 

1 

2 

3 
4 

2 

54 

41 
24 

2% 

45% 

34% 
20% 

 

As displayed in Table 1, 52% of the patients were males and more than one-half (60%) were 

Chinese. Since this study was based on a real dataset, the number of patients by ethnicity was 

not controlled. In Malaysia, as reported in 2016, the Chinese ethnicity has the highest incidence 

of colorectal cancer, followed by the Malay and Indian ethnicities. This finding is consistent 

with those reported elsewhere (Hassan et al., 2016). Thus, our sample is representative of the 

Malaysian population. Furthermore, the effect of ethnicities was not of interest in this study, as 

it focused only on the effect of past surgery for tumor removal and the type of surgery 

undergone by patients on the probability of tumor recurrence. Most patients (79%) were 

diagnosed with colorectal cancer when they were already at stage 2 or 3, and almost 90% of the 

patients were diagnosed at age 50 or above. These results are consistent with those reported by 

other researchers (Hassan et al., 2016; Veettil et al., 2017; Magaji et al., 2017). More than 65% 

of the 161 patients were still alive during the study period, while 32% had died or had been lost 

to follow-up.  

The status of surgery for each patient, namely emergency (Zm1 = 0) versus elective (Zm1 = 1), 

and tumor recurrence (Zm2 = 0,1) were considered the two potential factors in this study. Table 2 

gives the number of patients with recurrent tumor at each stage. Most surgeries performed were 

chosen electively (63.4%), where decisions were made by patients with their physicians after 
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considering the best options available for the stage and location of the cancer, as well as the 

risks and benefits associated with age and other factors; meanwhile, the remaining 36.6% 

underwent emergency surgery (See Table 2). 

 

Table 2 Percentage of patients with recurrent tumor 

Types of 

Surgery 

Patients with tumor recurrence Total patients 

undergoing surgery Stage 1 Stage 2 

Emergency 
3 

(5.1%) 
6 

(10.2%) 
59 

(36.6%) 

Elective 
6 

(5.9%) 

9 

(8.8%) 

102 

(63.4%) 

Total 9 15 161 

 

Furthermore, it can be concluded that most of the patients survived with no tumor recurrence 

after the first and second year from surgery, as only nine out of 59 (15.3%) and 15 out of 102 

(14.7%) patients who underwent emergency and elective surgeries, respectively, experienced 

tumor recurrence in the first two years after their first surgery. The percentage of patients who 

experienced tumor recurrence at stage 2 was higher than at stage 1 regardless of the type of 

surgery, either emergency or elective.  

The transition from one stage to another stage was of interest in this study. The number of 

patients who moved to a state of tumor recurrence, state of no tumor recurrence, and 

censored/death state in stage k will be denoted as ymk, where ymk = 2,1,0, respectively. Out of the 

161 colorectal cancer patients considered in this study, 28% died (transition type 1-0 and 1-1-0) 

before the new tumor developed, while 3% died (transition type 1-2-0) in the second year after 

tumor recurrence in the first year, meaning that a total of 31% of patients died within two years 

of the first tumor removal surgery. The number of events together with the percentage of events 

are shown in Table 3. 

 

Table 3 Number of events by types of transition 

Types of transition 

Stage 0- Stage 1- Stage 2 

Number of 

events 

Percentage of 

events 

1-0 

1-1-0 

1-1-1 
1-1-2 

1-2-0 

1-2-1 

28 

18 

91 
15 

5 

4 

17% 

11% 

57% 
9% 

3% 

2% 

  

Within two years after surgery for tumor removal, more than one-half (57% with transition type 

1-1-1) of the patients survived with no tumor recurrence. On the other hand, only 14% 

(transition type 1-1-2, 1-2-0, 1-2-1) of the patients developed a new tumor within the first two 

years of observation. Out of the 14% of patients who experienced tumor recurrence within the 

first two years of the first tumor removal surgery, 9% (transition type 1-1-2) had tumor 

recurrence in their second year, while the other 5% (transition type 1-2-0 and 1-2-1) 

experienced it in their first year.  
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3.1.  Coefficients of Multistage Logistic Regression Model 

The multistage logistic regression model fit the data very well for both stage 1 and stage 2. As 

stated in Table 4, the logistic regression model for both stage 1 and stage 2 was significant, with 

a p-value = 0.000. In stage 1, both types of treatment received during the removal surgery had a 

significant effect on patient survival with no tumor recurrence. However, the difference in the 

effect between the two treatments was very small. The effects of both treatments on tumor 

recurrence when compared to surviving with no tumor were totally different. The probability of 

each event occurring at different stages for a given covariate vector can be found by substituting 

the significant coefficient value into the model (3). The probability of a patient developing a 

new tumor was low, while the probability of death was higher. On the other hand, the 

probability of surviving with no tumor was higher than the probability of death in the first year 

after tumor removal surgery. More specifically, in the first year after tumor removal surgery, 

regardless of whether patients underwent elective or emergency surgery, the probability of 

surviving with no tumor was approximately five times higher than the probability of dying, 

while the probability of dying was approximately three times higher than the probability of 

developing a new tumor. 

 

Table 4 Estimates of parameter from multistage logistic model 

Models and 

variables 
 Coefficients 

Standard 

error 

Wald-

Test 
p-value 

Likelihood 

Ratio test 

Overall Stage 1 model     0.000** 

Stage 1, tumor recurrence      

surgery: 

 
emergency -1.204 0.658 3.345 0.047**  

 elective -1.099 0.471 5.431 0.020**  

Stage 1, Survive with no tumor      

surgery: 

 
emergency 1.526 0.349 19.130 0.000**  

 elective 1.466 0.261 31.446 0.000**  

Overall Stage 2 model     0.000** 

Stage 2, tumor recurrence      

surgery: emergency -17.658 0.560 996.020 0.000**  

 elective -17.855 0.440 1644.348 0.000**  

Previous 

state: 
No tumor 17.598 0.001 1596.003 0.000**.  

 Tumor recurrence      

Stage 2, Survive with no tumor      

surgery: emergency -0.177 0.750 0.056 0.813  

 elective -0.246 0.692 0.127 0.722  

Previous 

state: 
No tumor 1.842 0.719 6.564 0.010**  

 Tumor recurrence      

  ** Significant at 5% 

 

In stage 2, both types of surgery had a significant effect on reducing the chance of tumor 

recurrence. Considering that the patients had undergone an emergency surgery, this finding 

shows that when the patients had no tumor recurrence in the first year after the first surgery, 

their chance of developing a new tumor was slightly lower than the chance of dying. In the 

second model of stage 2, both types of surgery had no significant effect on increasing or 

reducing the chance of survival with no tumor in stage 2. Thus, the chance of surviving with no 

tumor was also higher than the chance of dying if the patients had no tumor recurrence in the 

first year after the first surgery. Like the conclusion made based on the model in stage 1, we can 
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also conclude that in the second year after tumor removal surgery, the chance of a patient 

surviving with no tumor was approximately six times higher than the chance of dying, while the 

chance of dying was approximately 1.1 times higher than the chance of developing a new 

tumor.  

In both stages, once the tumor has been removed, the chances of surviving with no tumor was 

higher than the chances of dying. This result is comparable to that in other Asian nations (Abu 

Hassan et al., 2016) but lower than that found in more developed countries (Magaji et al., 

2017). Apart from the factors considered in this study, there are many other factors that might 

affect the survival rate of cancer patients. Approximately 15 to 30% of colorectal cases may be 

due to genetic factors (Dove-Edwin & Thomas, 2001). However, habits such as smoking, 

alcohol use, and low fruit and vegetable intake are the leading risk factors for death from cancer 

(Danaei et al., 2005; Ghee, 2014). Staying as healthy as possible and at a healthy weight, being 

physically active, eating a healthy diet with an emphasis on plant foods, and avoiding alcohol 

should be a priority for staying healthy (Dove-Edwin & Thomas, 2001). These steps may lower 

the risk of tumor recurrence as well as other health problems. 

 

4. CONCLUSION 

The profile summary of the 161 hospital cases is consistent with that of the reported Malaysian 

data. Mainly, (i) Chinese had the highest incidence compared to other ethnicities, (ii) more 

males than females were diagnosed with cancer, (iii) most cases were diagnosed at the age of 50 

or above. Out of the 161 colorectal cancer patients considered in this study, 28% died before the 

new tumor developed, while 5% died in the second year after tumor recurrence in their first 

year. Within two years after surgery for tumor removal, about one-half (57%) of the patients 

survived with no tumor recurrence.  

In the main year of development or after one year of tumor removal, regardless of whether an 

elective or emergency medical procedure was performed, the probability of survival with no 

tumor was around five times higher than the probability of dying, while the probability of dying 

was roughly three times higher than the probability of tumor recurrence. A similar conclusion 

was made in view of the model in stage 1; accordingly, we can likewise infer that in the second 

year after the tumor removal medical procedure, the probability of survival with no tumor was 

around six times higher than the probability of dying, while the probability of dying was 

roughly 1.1 times higher than the probability of developing another tumor. This suggests that 

undergoing a medical procedure for tumor removal is superior to leaving the tumor in place, as 

surgery can boost the probability of survival. 

As life expectancy continues to increase in Malaysia, as in the rest of the world, it is believed 

that the rate of colorectal cancer cases will continue to rise. If Malaysians continue to ignore the 

increasing incidence of colorectal cancer, there will be a lower chance of early detection and 

survival. Educating the public, especially high-risk groups for cancer, is necessary to increase 

awareness of colorectal cancer. A national program for colorectal cancer screening should be 

implemented, especially in low-income communities, to increase early detection and improve 

the survival rate of colorectal cancer patients. As the popular proverb goes, prevention is better 

than a cure. Various agencies working hand in hand with early screening for low-income 

communities could hopefully lower the colorectal cancer incidence rate in this demographic. 

Finally, this study demonstrates that a multistage logistic model is suitable for studying 

patients’ progress in longitudinal studies, especially when follow-ups are made in the same time 

interval. The model has been widely used to make analysis easier, as it also allows different 

definitions of states in different stages.  
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