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Abstract 

This study aimed to compare estimations of Kaplan-Meier (K-M) and Weighted Kaplan-Meier (W-K-M) as an 

alternative method to deal with the problem of heavy-censoring data for Children under-five years, whom do not 

reach the event of interest during the end period of the study. Usually, this kind of biostatistics study has been 

estimated based on K-M. In such situations survival probabilities, can be estimated for censored observation by K-M 

estimator. However, in case of heavy censoring these estimates are biased and overestimate the survival 

probabilities. For heavy censoring a new method was proposed (Bahrawar Jan, 2005) to estimate the survival 

probabilities by weighting the censored observations by non-censoring rate. But the main defect in this weighted 

method is that it gives zero weight to the last censored observation. The survival rates of the patients with standard 

error estimation based on K-M vs. W-K-M for 5 years shown in Table 3. In cases where censoring assumption is 

not made, and the study has many censored observations, estimations obtained from the K-M are biased and are 

estimated higher than its real amount. But W-K-M decreases bias of survival probabilities by providing appropriate 

weights and presents more accurate understanding. Weighted Kaplan-Meier was the suitable method to estimate the 

Survival Time of these patients, have determined after surgery at Jafar ibn Oaf Hospital for Children in Sudan form 

January 2012 to December 2016. The five years’ survival rate for these patients were evaluated based on K-M and 

W-K-M. A total of 245(22%) Children<5 years passed away by the end of the study and 853(78%) Children<5 years 

were censored. The median of survival time for these patients was 16 days. 
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1. Introduction 

10 diseases have been more prevalent in Sudanese Children, however, could lead to the significant morbidity and 

mortality. Understanding that children with these diseases present differently than adults and often present with 

unique risk factors will optimize outcomes in Children. Despite an increased incidence of pediatric, there is often a 

delay in diagnosis, and cases may remain under or misdiagnosed. Clinical presentation will vary based on the child's 

age, and children will have risk factors that are less common than in adults [28]. 

One of the most important prognostic indicators which are considered after diagnosis and treatment for patients is an 

increase in patients’ survival rate particularly in the Sickle cell disease survival rate. Different methods have been 

designed to estimate the survival rate among which the most common one is the non-parametric Kaplan-Meier 

method. This method is severely affected by censoring assumption, so that if the patients under study were followed 

the time in which they were censored, the rate of occurrence of the event among them will be the same as those 

subjects who were not censored at that time, in other words, it can be said that the censoring has occurred randomly 

and is independent of the event [9]. The reliability of Kaplan Meier estimations is affected by censoring assumption 

[11-35]. For example, a study may be terminated with a large number of censoring, which could be due to loss to 

follow up, withdrawal and alternative outcome than the focused event.  

The large number of censored observations results in reducing the number of patients at risk in the following time-

points, and the estimations produced by Kaplan Meier of the survival function would not be reliable anymore. High 

levels of censoring can suggest several problems in the study.  

The Quick end (by which most patients do not have an outcome at the end of the study) and a pattern of censoring 

that makes a lot of subjects be excluded from the study in a specific time, are among these problems. Hence, large 

number of censored observations make the survival estimations contain error and be estimated higher than their real 

amounts. Unfortunately, no suitable test determines the validity of the censoring assumption, and this is just a 

judgment made by researchers. To modify Kaplan-Meier estimations, Jan and his colleagues presented a method 

named Weighted Kaplan-Meier [24-25].  

Their study revealed that if there is high censorship (27% in their study), Kaplan Meier estimations will contain an 

error, and their amounts will be estimated more than actual. Other methods were also presented by Shafiq and his 

colleagues and Huang to resolve the problem of Kaplan-Meier unreliable estimations [28-29]. (Ramadurai and his 

colleagues), investigated and reported in the paper all methods and procedures which had been proposed to estimate 

the survival function up to the time of their study.  

Their results showed that Weighted Kaplan-Meier is a suitable method to estimate the survival probability [34]. 

Thus, this study aimed to determine the survival rate of patients with above 5 types of disease undergone surgery at 

the most important the researcher used the standard Kaplan-Meier method and Weighted Kaplan-Meier as an 

alternative method to deal with the problem of high level of censorship. 
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2. Materials and Methods 

The methodology used for in this study to estimate the heavy censoring was, the samples for survival rate with a 

good prognostic indicator for 1098 Sudanese Children<5 years affected by 5 of the highest 10 types of diseases at 

Jafar ibn Oaf Hospital for Children in Sudan from January 2012 to December 2016, Table 1. 1098 patients with the 

following data were studied: 1) the patients had been hospitalized and had undergone surgery from 2012-2016 in 

surgical wards of Sudan at Jafar ibn Oaf Hospital for Children, 2) they had records in the archives of the hospital, 

and in their files, their addresses and phone numbers were available for subsequent follow-ups. The survival time of 

patients was determined after surgery and those patients who were still alive at the end of study period or the ones 

whose data were not available after a specific time-period were censored. Data analyzed by statistical packages 

“NCSS or XLSTAT” that K-M and W-K-M were used to estimate the survival rate of patients after surgery, 

however, the Weighted Kaplan Meier was significant statically in dealing with heavy-censoring data. 

3. Survival Analysis 

Survival analysis refers to the collection of statistical procedures used to study the time between entry into the 

observation and to the occurrence of some event of interest for the study population, which is often called as time-

to-event analysis. Time to occurrence of event carries a great significance in reliability, medical or biological studies. 

The time indicates any unit of time from the beginning of follow-up of an individual until an event of interest 

occurs. The outcome variable of interest is the elapsed time between a well-defined starting and ending points. In 

medical research the outcome variable (or) event of interest may be the death of a patient, relief from pain,  the 

recurrence of symptoms, disease incidence, relapse from remission, remission duration of certain disease in clinical 

trials, incubation time of certain diseases, such as AIDS, Hepatitis B etc., and in industry, the failure time of certain 

manufactured products (Cox and Snell 1968; Crowley and Hu, 1977; Kalbfleisch and Prentice, 1980; Miller, 1981; 

Cox and Oakes, 1984; Clayton, 1978; Jenkins,1997; Andersen ,1992). 

An initial step in the analysis of survival data is to provide numerical or graphical summaries of the survival times of 

the population under study. These summaries will describe in detail about the nature of the data under study and will 

be helpful to carrying out the detailed analysis for the survival data. The development of methods has been 

particularly motivated by the need to analyze medical and health sciences data. Survival data are summarized 

through the estimates of the survival function and hazard function. Several non-parametric methods, which do not 

require any specific assumptions about the underlying distribution of the survival time, have been discussed by the 

several authors during past six decades or so. 

Many researchers had written reports about life table (Berkson and Gage, 1950; and Gehan, 1969). Peto and his 

colleagues (1976) have published an outstanding review of some statistical methods related to clinical trials. The 

developments in the field that have had the most thoughtful impact on clinical trials are the K-M (1958) method for 

estimating the survival function. Which will be explained later and also known as product limit estimator, has 
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become an important attractive estimator in the analysis of survival data. Because of its simplicity and easy to 

understand, this estimator has been in the continued attention of several authors. 

In the case of heavy censoring, the Kaplan-Meier (1958) estimate is not reliable and over estimating the survival 

probabilities (Susan, 2001) also the Kaplan-Meier survival curve fails to give reliable estimates at the end points. To 

have a reliable estimate, in the case of heavy censoring, an improved method of Kaplan-Meier estimate, namely 

Weighted Kaplan-Meier method of estimation (Jan and his colleagues 2005) were applied and proved for reliable 

estimate, by introducing the weights based on the non-censored rate. Then, followed by the Weighted Kaplan-Meier 

method, a modified form of this, namely Modified Weighted Kaplan-Meier method (Shafiq and his colleagues 2007) 

were introduced by assigning a new weight in the case of the last observation is censored. Then, a Weighted 

Empirical Survival Function (WESF) was used by Huang (2008), in which choices of weights were introduced for 

obtaining the survival function. Later, the well-known Nelson-Aalen estimate is also used for obtaining the survival 

function by using its interrelationship between the survival function and the cumulative hazard function. Finally, in 

this paper, some conclusions are drawn for those 5 diseases Meningitis data, by comparing the estimated survival 

probabilities obtained through the above-mentioned methods. 

Survival data means the time observed for any individual who are undergoing in an experimental study from a well-

defined time origin until the occurrence of some event of interest (or) end-point (Collett, 2003). A common feature 

of the survival data is the presence of censoring and truncated observations. Another characteristic of survival data is 

that the survival time cannot be negative. The event of interest in this study is the death of a patient due to a disease 

prevalent among children<5 years. 

 

Figure 1: Kaplan-Meier curve for the time probability of 5 samples of diseases during 5 Yrs. 
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Figure 2: Weighted Kaplan-Meier curve for the time probability of 5 samples of diseases during 5 Yrs. 

3.1 Censoring 

The survival time of an individual is said to be censored, when the event of interest could not be recorded for that 

individual. In this study, the event of interest is the death of affected Children. 

The reasons for the censored survival time could be the termination of the experiment as in a clinical study it may not 

be feasible to continue or follow-up the experiment until all the subjects under study have failed or experienced the 

event of interest or subjects may withdraw willfully or may getting dropped from the study. In this case, it may not 

be possible to have complete information for all the subjects, Censoring is broadly classified into two categories: 

Informative and non- informative. In this study, we consider informative censoring only. Some of the important 

types of censoring are Type I censoring (or fixed time censoring), Type II censoring (or fixed number censoring), 

random censoring and Interval censoring (Cox and Oakes, 1984; Kalbfleisch and Prentice, 1980; Miller, 1981). 

Type I and Type II are singly censored data whereas Type III is random censored data (Cohen, 1965). Type I, Type 

II and random censoring data are right censored. It is to be noted that when there are no censored observations, the 

set of survival times is said to be “complete”. 

3.2 Basic Quantities in Survival Analysis 

Let T be the positive random variable denoting the time to occurrence of the event of interest. In summarizing the 

survival data the two functions namely survival function and the hazard function are of central interest. The survival 

function usually denoted by S (t) which estimates the probability that a subject survives greater than or equal to 

some specified time t. Therefore, the survival function is, 
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S(t)=P (T  t); t>0, if F(t)  

is the cumulative distribution function of t, then 

F(t)=P (T  t)  1  S(t).                                                             (1)     

The properties of the survival function are monotonically non-increasing; at time t  0, 

S(t)=1 and at infinite time t, S(t)=0. Then function S(t) is also known as the cumulative survival rate. The graph of 

S(t) on time is called as the survival curve. The hazard function at time t is defined as  

h(t) =  𝑙𝑙𝑙𝑙𝑙𝑙∆𝑡𝑡→0
𝑃𝑃(𝑡𝑡≤𝑇𝑇<𝑡𝑡+∆𝑡𝑡)/𝑇𝑇≥𝑡𝑡)

∆𝑡𝑡
= 𝑓𝑓(𝑡𝑡)

𝑆𝑆(𝑡𝑡)
                                       (2) 

The hazard function is also known as instantaneous death rate, or the conditional mortality rate. Some of the 

characteristics of the hazard function are, h(t) may increase, decrease or remain constant or follow any other pattern, 

h(t) ≥ 0 and has no upper limit and it is not a probability and depends on time units. The shape of the hazard function 

h(t) population indicates the type of risk to which the under study is exposed as a function of time. The cumulative 

hazard function is denoted by h(t) and is defined as t. 

H(t)=∫ ℎ(𝑥𝑥)𝑑𝑑𝑥𝑥 =  − log 𝑆𝑆(𝑡𝑡)                                                    (3) 

 

3.3 Kaplan-Meier vs. Weighted Kaplan-Meier 

The Kaplan-Meier (product limit) method is a special case of the life table technique, in which the series of time 

intervals are formed in such a way that only one death occurs in each time interval and the death occurs at the 

beginning of the interval (Collett, 2003). Suppose n is the total number of monitored participants in the study 

and 𝑡𝑡1, 𝑡𝑡2,..., 𝑡𝑡𝑛𝑛 are the observed times. The survival time of some of these patients may have been censored. So, we 

assumed that the number of focused outcomes is r in which 𝑟𝑟 ≤ 𝑛𝑛 and 𝑡𝑡(1) ≤ 𝑡𝑡(2) ≤ ⋯ ≤ 𝑡𝑡(𝑟𝑟) will be patients’ 

ordered event times. Now, the number of patients who have survived before 𝑡𝑡(j) (including those who have died at 

this time) is 𝑛𝑛(j), and the number of those who have focused outcome at 𝑡𝑡(j), is 𝑑𝑑j, (1 ≤ 𝑗𝑗 ≤ 𝑟𝑟) Therefore, in the time 

interval less than t which is shown in 𝑆𝑆 �(𝑡𝑡) , the Kaplan-Meier estimator is as follows: 

𝑆𝑆 �(𝑡𝑡) = ∏ �
𝑛𝑛𝑗𝑗−𝑑𝑑𝑗𝑗
𝑛𝑛𝑗𝑗

�𝑗𝑗:𝑡𝑡(𝑗𝑗)<𝑡𝑡                                                   (4) 

If t≤ 𝑡𝑡(1) in which 𝑡𝑡(1) is the smallest survival time observed, so 𝑆𝑆 �(𝑡𝑡) = 0. 



American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2017) Volume 36, No  1, pp 211-223 

217 
 

To calculate the Weighted Kaplan-Meier method in this study, a method provided by Jan and his colleagues was 

used (12-13). They showed that when a considerable proportion of observations were censored, Kaplan-Meier 

estimation would be unreliable and inefficient. As in Kaplan-Meier we assumed, 𝐶𝐶𝐽𝐽 is number of censored patients 

at 𝑡𝑡(𝑗𝑗) 𝑎𝑎𝑛𝑛𝑑𝑑 𝑊𝑊𝐽𝐽 is the weights of censored observations. As the rate of un-censoring will be as follows: 

𝑊𝑊𝐽𝐽 = �
𝑛𝑛𝑗𝑗−𝑐𝑐𝑗𝑗
𝑛𝑛𝑗𝑗

�                                               

If 𝑡𝑡(𝑗𝑗) is one event-time, 𝑊𝑊𝐽𝐽 = 1 𝑎𝑎𝑛𝑛𝑑𝑑 𝑙𝑙𝑖𝑖 𝑡𝑡(𝑗𝑗) is a cencored time, 0<𝑊𝑊𝐽𝐽<1. Now, the Weighted Kaplan Meier 

estimation is defined as follows: 

𝑆𝑆∗(𝑡𝑡) = ∏ 𝑊𝑊𝐽𝐽 �
𝑛𝑛𝑗𝑗−𝑑𝑑𝑗𝑗
𝑛𝑛𝑗𝑗

�𝑗𝑗:𝑡𝑡(𝑗𝑗)<𝑡𝑡                                             (6) 

In this formula, 𝑆𝑆∗(𝑡𝑡) solves the problem of overestimation (that existed in the Kaplan-Meier estimations) by proper 

weighing. 

4. Type of Diseases 

Acute renal failure (ARF) is defined as an acute decline in renal function characterized by an increase in blood urea 

nitrogen (BUN) and serum creatinine values, often accompanied by hyperkalemia, metabolic acidosis, and 

hypertension. Significant morbidity and mortality can accompany ARF. Children<5 years who have ARF recover 

their renal function either partially or completely or they develop end-stage renal disease. They also may develop 

associated multiorgan disease. ARF is divided into three forms: prerenal failure (most common), intrinsic renal 

failure, and post renal failure. Treatment ranges from conservative medical management to dialysis or renal 

transplantation, depending on the severity of kidney disease and degree of renal function recovery. Worldwide, most 

cases of ARF in children are due to hemolytic-uremic syndrome or volume depletion [22,23]. 

A congenital heart defect (CHD)1, also known as a congenital heart anomaly or congenital heart disease, is a 

problem in the structure of the heart that is present at birth. Signs and symptoms depend on the specific type of 

problem. Congenital heart defects are divided into two main groups: cyanotic heart defects and non-cyanotic heart 

defects, depending on whether the child has the potential to turn bluish in color. The problems may involve the 

interior walls of the heart, the heart valves, or the large blood vessels that lead to and from the heart.  

Leukemia “Leukemia is the most common cancer in children and teens, accounting for almost 1 out of 3 cancers. 

Most childhood leukemia’s are acute lymphocytic leukemia (ALL). Most of the remaining cases are acute myeloid 

leukemia (AML). Chronic leukemia’s are rare in children.”; Septicemia “Septicemia is an infection of the blood, 

                                                           
1 "Factors Contributing to Congenital Heart Disease". Lucile Packard Children’s Hospital at Stanford. Archived from the original on 4 July 2010. 
Retrieved 30 July 2010.” 

https://en.wikipedia.org/wiki/Heart
https://en.wikipedia.org/wiki/Birth
https://en.wikipedia.org/wiki/Cyanotic_heart_defect
https://en.wikipedia.org/wiki/Non-cyanotic_heart_defect
https://en.wikipedia.org/wiki/Non-cyanotic_heart_defect
https://en.wikipedia.org/wiki/Heart_valves
https://en.wikipedia.org/wiki/Blood_vessels
http://www.lpch.org/DiseaseHealthInfo/HealthLibrary/cardiac/fcchd.html
https://web.archive.org/web/20100704183659/http:/www.lpch.org/DiseaseHealthInfo/HealthLibrary/cardiac/fcchd.html
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also known as bacteremia or blood poisoning. ... Septicemia is a serious bloodstream infection. ... Septicemia occurs 

when a bacterial infection elsewhere in the body, such as in the lungs or skin, enters the bloodstream”; Sickle cell 

disease” Sickle cell disease is an inherited blood disorder characterized by defective hemoglobin (a protein in red 

blood cells that carries oxygen to the tissues of the body).” 

Table 1: Kaplan-Meier for estimating the survival function (Events) 

Stratum Total observed Total failed Total censored Time steps(days) 

Acute Renal Failure 100 22 78 51 

Congenital Deformity Heart 104 34 70 53 

Leukemia 98 19 79 70 

Septicemia 483 155 328 75 

Sickle cell disease 313 15 298 195 

Overall 1098 245 853 444 

 

Table 2: The total of Children<5 yrs. Death and censored during the study period 

Total observed Event 1 Total Censored 

1098 245 853 

 

 

5. Results 

This study was conducted on 1098 patients of Children<5 years undergone surgery, 100 with Acute Renal Failure 

(22 died, 78 censored and median of survival time was16 days); 104 with Congenital Deformity Heart (34 died and 

70 censored and median of survival time was 16 days); 98 with Leukemia (19 died and 79 censored and median of 

survival time was 16 days); 483 with Septicemia (155 died and 328 censored and median of survival time was 6 

days) and 313 with Sickle cell disease (15 died and 298 censored and median of survival time was 16 days)). Totally 

status of these patients was 245(22%) died by the end of the study and 853 (78%) were censored Table 1. The 

general survival median time of Children patients was 16-day survival rates per disease, as well as standard error 

and a 95% confidence interval for both methods. The result based on Kaplan Meier method these estimations and 

the estimations calculated a according to Weighted Kaplan-Meier were presented in Table 3, respectively. The 

results showed that Weighted Kaplan-Meier presents better estimations (lower standard errors and shorter 

confidence intervals). Survival probabilities derived from both methods are shown in Figure 3. 
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Figure 3: The Survival Curves for Children<5 years for 5 diseases using K-M) and W-K-M 

Methods as Figure 3 illustrates, the estimations derived from both methods are approximately close to each other at 

the beginning of the study where the rate of censoring was low. But as time passes and the rate of censoring 

increases, Kaplan-Meier estimations always estimate the survival probabilities more than their real amounts whereas 

Weighted Kaplan-Meier presents more accurate estimations for patients’ survival by placing appropriate weights for 

censored observations. 

6. Conclusion 

The Five years survival rate for all 5 diseases affected Children<years were estimated 0.98% based on Weighted 

Kaplan Meier which was lower than Kaplan-Meier estimation (0.99%) as in Table 3. The high survival rate 

estimated by Kaplan-Meier during study period was not unexpected because Kaplan-Meier-known as a standard 

method for estimating such probabilities was severely affected by the censoring assumption. In cases where this 

assumption was violated (high levels of censoring), it causes biased estimations in the results of the study. 

Therefore, high levels of censoring affect the reliability of Kaplan-Meier estimations. Unfortunately, no good test is 

available to check the censoring assumption except this judgment made. 

Generalization of Kaplan-Meier method with proper weights causes unbiased estimations of survival probability at 

any time. As shown in Figure 3, at the beginning of the study the rate of censoring is low and the estimations of 

both methods are nearly identical, but as time goes by the end of the study and as the censored observations 

increase, the discrepancy between the estimations of two methods arises. Table 3 also showed that Weighted 

Kaplan-Meier estimations had lower standard errors and shorter confidence intervals and revealed that a more 

accurate statistical analysis can be made based on them. Moreover, one of the problems existing in Kaplan-Meier 

survival curve with the last censored observation is the fact that the survival function for observations after that time 

is indefinable (10). But the survival curve of Weighted Kaplan-Meier using proper weighing reaches the horizontal 
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axis even if the last observation is censored. 

Table 3: The Five years survival rate estimation and 95% confidence interval by K-M and W-K-M for 5 diseases 

Disease Type Kaplan-Meier 

Estimation (SE) 

Weighted Kaplan-

Meier Estimation 

(SE) 

95% CI K-M 95% CI W-K-M 

Acute Renal Failure 0.99 

(0.0153) 

0.98 

(0.0077) 

0.7576-0.8045 0.1470-0.1515 

Congenital Deformity Heart 0.99 

(0.0157) 

0.98 

(0.0077) 

0.7469-0.7944 0.1472-0.1518 

Leukemia 0.99 

(0.0152) 

0.98 

(0.0077) 

0.7619-0.8089 0.1475-0.1521 

Septicemia 0.99 

(0.0147) 

0.98 

(0.0078) 

0.7832-0.8290 0.1487-0.1534 

Sickle cell disease 0.99 

(0.0147) 

0.98 

(0.0079) 

0.7791-0.8257 0.1482-0.1528 

 

 

Large amounts of censoring in Kaplan-Meier method causes survival probability to be constant at these time-points 

whereas the number of subjects at risk decreases markedly. The constancy of survival probabilities leads in 

overestimation but Weighted Kaplan-Meier-using appropriate weights-reduces bias in survival probabilities in 

censored time-points and resolves the problem of overestimation. Censoring assumption is necessary to estimate 

survival probabilities; moreover, it is indispensable for common tests in survival analysis. Furthermore, the need for 

more research has been much felt on alternative methods in cases where the study is teemed with censored 

observations. 

Acknowledgements 

I wish to thank Dr. Ahmed Hamdi and Dr. Al Taiyb Ahmed for carefully reviewing and who moderated this paper 

and in that line improved the manuscript significantly. I therefore, would also immensely grateful thankful the 

medical students at Sudan University of Science and Technology & the department of epidemiology at Jafar ibn Oaf 



American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2017) Volume 36, No  1, pp 211-223 

221 
 

Hospital for Children in Khartoum, Sudan in addition to, Children’s parent for their significantly support. 

References 

[1]. Kaplan, E.L and Meier, P (1958). “Non-parametric estimation from incomplete observations”. Journal of 

the American Statistical Association (53:457-481). 

[2]. Fleming A.F., Storey J., Molineaux L., Iroko E.A., Attai E.D. Abnormal haemoglobins in the Sudan 

savanna of Nigeria. I. Prevalence of haemoglobins and relationships between sickle cell trait, malaria and 

survival. Ann Trop Med Parasitol. 1979; 73:161–172. [PubMed]. 

[3]. Powars D., Overturf G., Weiss J., Lee S., Chan L. Pneumococcal septicemia in children with sickle cell 

anemia. Changing trend of survival. JAMA. 1981; 245:1839–1842. [PubMed]. 

[4]. Gunderson LL, Sosin H. “Adenocarcinoma of the stomach: areas of failure in a re-operation series (second 

or symptomatic look) clinicopathologic correlation and implications for adjuvant therapy.” Int J 

RadiatOncol BiolPhys 1982;8(1):1-11. 

[5]. Andreoli SP, Clark JH, McGuire WA, Bergstein JM (1986). Purine excretion during tumor lysis in children 

with acute lymphocytic leukemia receiving allopurinol: relationship to acute renal failure. J Pediatr 

109:292–298 [PubMed]. 

[6]. Wisbeck WA, Becker EM, Russell AH. Adenocarcinoma of the stomach: Autopsy observations with 

therapeutic implications for the radiation oncologist. Radiother Oncol 1986;7(1):13-8. 

[7]. Schaefer F, Marr J, Seidel C, Tilgen W, Scharer K. Assessment of gonadal maturation by evaluation of 

spermaturia. Arch Dis Child 1990; 65: 1205-1207. 

[8]. Breslow, N.E (1991). Introduction to Kaplan and Meier (1958) Nonparametric estimation from incomplete 

observations. In Breakthroughs in Statistics II. 

[9]. Young KD, Menegazzi JJ, Lewis RJ. Statistical methodology. Acad Emerg Med 1999;6(3):244-9. 

[10]. Utley M, Gallivan S, Young A, Cox N, Davies P, Dixey J, et al. Potential bias in Kaplan-Meier survival 

analysis applied to rheumatology drug studies. Rheumatology (Oxford) 2000; 39:1-2. 

[11]. Murray S. “Using Weighted Kaplan‐ Meier Statistics in Nonparametric Comparisons of Paired Censored 

Survival Outcomes”. Biometrics 2001;57(2):361-8. 

[12]. Thong-Ngam D, Tangkijvanich P, Mahachai V, et al. Current status of gastric cancer in Thai patients. J 

Med Assoc Thai 2001;84(4):475-82. 

[13]. Triboulet J, Fabre S, Castel B, et al. Adenocarcinomas of the distal esophagus and cardia: Surgical 

management. Cancer Radither 2001;5(Suppl 1):90s-7s. 

[14]. Schwarz RE, Zagala-Nevarez K. Recurrence patterns after radical gastrectomy for gastric cancer: 

prognostic factors and implications for postoperative adjuvant therapy. Ann Surg Oncol 2002;9(4):394-400. 

[15]. Wang CS, Hsieh CC, Chao TC, et al. Resectable gastric cancer: operative mortality and survival analysis. 

Chang Gung Med J 2002;25(4):216-27. 

[16]. Giashuddin MS, Kabir M. Breastfeeding duration in Bangladesh and factors associated with it. Indian J 

Comm Med 2003; 28: 34-38. 

https://www.ncbi.nlm.nih.gov/pubmed/315211
https://www.ncbi.nlm.nih.gov/pubmed/7230369
https://www.ncbi.nlm.nih.gov/pubmed/3461147


American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2017) Volume 36, No  1, pp 211-223 

222 
 

[17]. Adachi Y, Tsuchihashi J, Shiraishi N, et al. AFP-producing gastric carcinoma: multivariate analysis of 

prognostic factors in 270 patients. Oncology 2003;65(2):95-101. 

[18]. Klein JP, Moeschberger ML, editor. Survival analysis: techniques for censored and truncated data. 1st ed. 

New York, NY, USA: Springer; 2003: p. 92-104. 

[19]. Bahrawar Jan. “Improved Inferences in the context of Survival/Failure Time.” Ph.D. Thesis University of 

Peshawar, Pakistan, (2004). 

[20]. Ding YB, Chen GY, Xia JG, et al. (2004) “Correlation of tumorpositive ratio and number of epigastric 

lymph nodes with prognosis of patients with surgically-removed gastric carcinoma”. World J 

Gastroenterol;10(2):182-5. 

[21]. Jan B. “Improved Inferences in the context of Survival/Failure Time [Dissertation]”. Peshawar Univ., 

Pakistan, 2004. 

[22]. Olowu WA, Adelusola KA (2004) Pediatric acute renal failure in southwestern Nigeria. Kidney Int 

66:1541–1548 [PubMed]. 

[23]. Anochie I, Eke F (2005) Acute renal failure in Nigerian children: Port Harcourt experience. Pediatr 

Nephrol 20:1610–1614 [PubMed] 

[24]. Jan B, Shah SWA, Shah S, et al. (2005). “Weighted Kaplan Meier estimation of survival function in heavy 

censoring”. Pak J Stat;21(1):55-63. 

[25]. Kim J, Kang DR, Nam CM. Log rank-type tests for comparing survival curves with interval-censored data. 

Comput Stat Data Analys 2006; 50: 3165- 3178. 

[26]. Sarin M, Dutta S, Narang A. Randomized controlled trial of compact fluorescent lamp versus standard 

phototherapy for the treatment of neonatal hyperbilirubinemia. Indian Pediatr 2006; 43: 583- 590. 

[27]. Belson M, Kingsley B, Holme A. Risk factors for acute leukemia in children: a review. Environmental 

Health Perspectives, 2007, 115:138–145.  

[28]. Shafiq M, Shah S, Alamgir M. Modified Weighted Kaplan-Meier Estimator. Pak J Stat Operat Res 

2007;3(1):39-44. 

[29]. Huang ML. A weighted estimation method for survival function. App Math Sci 2008;2(16):753-62. 

[30]. Sadighi S, Mohagheghi M, Haddad P, et al. Life expectancy with perioperative chemotherapy and 

chemoradiotherapy for locally advanced gastric adenocarcinoma. Tehran Univ Med J 2008;66(9):664-9. 

[31]. Aalen, Borgan , Gjessing H. Survival and Event History Analysis: A Process Point of View. Springer-

Verlag; New York: 2009. Statistics for Biology and Health. 

[32]. Bernier PL, Stefanescu A, Samoukovic G. et al. The challenge of congenital heart disease worldwide: 

epidemiologic and demographic facts. Sem thorac cardiovasc surg. Pediatr Card Surg A. 2010; 13:26–34. 

[PubMed]. 

[33]. Japanese Gastric Cancer Association. Japanese gastric cancer treatment guidelines 2010 (ver. 3). Gastric 

Cancer 2011;14(2):113-23. 

[34]. Ramadurai M, Ponnuraja C. Non-parametric estimation ofthe survival probability of children affected by 

TB meningitis. Int Refereed Res J 2011; II(2):216-27. 

https://www.ncbi.nlm.nih.gov/pubmed/15458449
https://www.ncbi.nlm.nih.gov/pubmed/15947980
https://www.ncbi.nlm.nih.gov/pubmed/20307858


American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2017) Volume 36, No  1, pp 211-223 

223 
 

[35]. Zare A, Mahmoodi M, Mohammad K, Zeraati H, Hosseini M, Naieni KH (2013). Survival Analysis of 

Patients with Gastric Cancer Undergoing Surgery at the Iran Cancer Institute: “A Method Based on Multi-

State Models”. Asian Pacific journal of cancer prevention, 14(11):6369-73. 

[36]. Zare A, Mahmoodi M. (2013).” Modified Kaplan-Meier Estimator Based on Competing Risks for Heavy 

Censoring Data”. Int J Statist Med Res, 2(4):297-304. 

[37]. Zare A, Mahmoodi M, Mohammad K, Zeraati H, Hosseini M, Naieni KH. (2014).” Factors Affecting the 

Survival of Patients with Gastric Cancer Under gone Surgery at Iran Cancer Institute: Univariate and 

Multivariate Analyses”. Iranian Journal of Public Health,43(6):800-8. 

 

 


	Khalid Shoaiba*, Dr. Ahmed Hamdib, Dr. Al Taiyb Ahmedc
	Keywords: Survival Analysis; Duration; Kaplan-Meier; Weighted Kaplan-Meier; Censored Data.
	Table 3: The Five years survival rate estimation and 95% confidence interval by K-M and W-K-M for 5 diseases


	Stratum

