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Abstract 

Background: We designed this study to assess the significant prognostic factors 
of both recurrence and death in patients with acute lymphoblastic leukemia in a 
university-based hospital using a parametric competing risks model. 

Methods: In this retrospective study, we included 417 patients with acute 
lymphoblastic leukemia. Staining of bone marrow smears with Giemsa method 
confirmed the diagnosis, justifying at least 25% lymphoblast. Treatment of patients 
was based on the Berlin-Frankfurt-Münster (BFM) protocol. We considered the first 
recurrence of cancer as the event of interest and non-relapse mortality as a competing 
risk. The employed two-parameter Weibull model accounted for both the interest and 
the competing events. 

Results: The relapse-free survival and the five-year overall mortality rates of 
patients were 85.9% and 74%, respectively. The majority of the patients (72.7%) did 
not experience any event during the study period. We explained these events as first 
recurrence and non-relapse mortality, which occurred in 44 (10.6%) and 70 (16.8%) 
of the patients in the given order. The cumulative incident probability of the first 
recurrence and non-relapse mortality, were 13.43% and 18.61%, respectively.  

Conclusion: Based on the model, we identified white blood cell count and central 
nervous system involvement as important prognostic factors in determining the 
incidence rate. Therefore, they must be considered in the selection of treatment plan 
and risk stratification.  

 
Keywords: Survival analysis, Acute lymphoblastic leukemia, Parametric competing 
risks model, Cumulative incidence probability 
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Introduction 

Acute lymphoblastic leukemia (ALL) is a type 
of cancer with the highest incidence rate among 
children. Nearly 70% of the cases are patients 
younger than 20 years old.1 The occurrence of 
ALL is five times more than acute myeloid 
leukemia (AML) in children.2 However, AML 
occurs mostly in patients older than 20.3 

The improvement in the survival of children 
with ALL has become notable since 1940s.4 The 
surveillance, epidemiology, and end results 
(SEER) program has reported that five-year 
survival for pediatric ALL has increased over the 
past two decades.5 The survival rate of pediatric 
ALL has also been enhanced to approximately 
90% in recent years.6 The highest survival rate 
belongs to individuals diagnosed between 15-19 
years old and infants have the lowest survival 
rate. These rates have increased from 80 to 90% 
since the beginning of the 21st century.7 The 
incidence of ALL is about three new cases each 
year in 100,000 children younger than 15 years. 
The incidence peaks at 2-5 years of age.2,8,9 
According to a study on childhood ALL in the 
United States during 2001-2014, the overall 
incidence of ALL was 34.0 cases per one million. 
The rate was higher in boys (38.0) compared to 
girls (29.7), varying from 1-4 years old.10 

However, compared to boys, girls had a 23% 
higher incidence of ALL, during the first two 
years of life and 60% higher incidence of AML, 
for the first year of life.2  

Age at diagnosis and sex are among the 
important factors affecting the survival of ALL.11 

Clinical and biological features, such as white 
blood cell (WBC) count, immunophenotype, and 
cytogenetic abnormalities have further been 
recognized as important prognostic factors for 
both incidence and survival rates among patients 
with ALL.12 Success in the treatment of ALL 
patients is dependent on early diagnosis, progress 
in chemotherapy methods and protocols, and 
advancement in supportive care.13 An effective 
method for treating ALL patients is risk-adapted 
chemotherapy. However, certain patients are not 
considered ‘high-risk’ and treated accordingly; 

they experience a bone marrow relapse following 
the initial successful treatment with an 
approximate mortality rate of 60%.14 Despite 
improvements in treatment strategies over the 
past decades, relapse in ALL is still a serious 
problem.7 Most of the anthracyclin-antibiotic-
treated patients with childhood leukemia are 
long-term survivors; however, many of these 
cases experience serious treatment-related side-
effects such as congestive heart failure.15 Today, 
more than 80% of the children with ALL are 
treated and they rarely experience recurrence. 
Therefore, long-term follow-up is an important 
factor in this study.16 

In the present research, the survival of an ALL 
patient was considered as the period between 
diagnosis and cancer-associated death. The 
identification of prognostic factors and survival 
analysis have made it possible to differentiate 
the presenting features of the disease.  

The purpose of this study was to describe the 
clinical features of children with ALL treated at 
a university-based hospital. Moreover, we 
evaluated the prognostic factors for survival using 
a competing risks approach. 

 
Materials and Methods 

This retrospective study included patients under 
the age of 15 with ALL; subjects were treated at 
Sheikh Hospital in Mashhad, Iran, from March 
2007 to February 2016. Sheikh Hospital is a 
university-based teaching hospital in the northeast 
of Iran. During the mentioned period, we 
originally reviewed a total of 600 cases; due to 
duplicate or incomplete clinical records, we 
excluded 183 cases for the final analysis. The 
Ethics Committee of Shahid Beheshti University 
of Medical Sciences, Tehran, Iran confirmed the 
study. The approval code is Ir.sbmu.retech.rec. 
1397.652. 

Staining of bone marrow smears with Giemsa 
method confirmed the diagnosis of ALL in 
children, justifying at least 25% lymphoblasts. 
Using flow cytometry, we differentiated ALL 
with B cell origins (positive CD20, CD19, CD10, 
and CD22 markers) and ALL with T cell origins 
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(positive CD3, CD5, and CD7 markers). Complete 
remission could be achieved with the absence of 
blast cells in cerebrospinal fluid (CSF), existence 
of lower than 5% of lymphoblasts in bone marrow, 
and a complete progression of clinical symptoms. 
The assessment method for complete remission 
was microscopic. 

In this center, the treatment of patients with 
ALL is based on the BFM protocol. However, 
physicians could modify the treatment based on 
the patients’ physical condition and response to 
treatment. Medical records provided 
demographics, laboratory results, and information 
on treatment methods in a hard copy format. We 
utilized the patients’ clinical characteristics as 
prognostic variables in the analysis. We further 
obtained the cut-point value for platelet count 
(PLT) from the normal range based on the study 
performed by Daly.17 

Survival analysis is a statistical procedure, in 
which the outcome variable of interest is time 
until an event occurs.18 There are situations where 
the subject under study can experience more than 
one event. A competing risk is an event whose 
occurrence either precludes that of another event 
under study or changes the occurrence probability 
of this other event. Under such conditions, the 

most optimal approach to analyze the survival 
time is to employ the competing risks models.19 
When there are multivariable competing events, 
using Kaplan Meier either underestimates or 
overestimates the probability of survival, yielding 
biased results. Therefore, in the presence of 
competing risks, we use other methods for 
estimating the survival function. Cumulative 
incidence function (CIF) is one of these methods.20 
It provides the estimates pertaining to the marginal 
probabilities of an event in the presence of 
competing events.20 

Because they require fewer assumptions, semi-
parametric models are preferred over parametric 
ones.21 However, parametric models are based 
on fewer parameters; therefore, they provide a 
good fit to the data and result in more accurate 
parameter estimation.19 The two-parameter 
Weibull model by simultaneous modeling of the 
two competing causes is a more appropriate model 
among all the popular models employed in 
competing risk studies.  

We analyzed the data using a parametric 
competing risks model; owing to the flexibility 
of the Weibull distribution, we used the two-
parameter Weibull model that allows for both 
interest and competing events, simultaneously. 

Figure 1. Cumulative incidence curve of both interest and competing events. The cumulative incidence probability for non-relapse 
mortality was higher than the first recurrence. 
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In this model, we considered the first recurrence 
of cancer as the event of interest. We also 
considered non-relapse mortality as a competing 
risk and censored all other events. Our primary 
outcome measure was whether the independent 
prognostic variables affected the survival of the 
ALL patients. 

R programming language version 3.0.2 and 
SPSS software version 22 carried out the statistical 
analysis.  We set the level of statistical significance 
for univariable and multivariable analyses at 25% 
and 5%, respectively. 

 
Results 

A total of 417 patients with ALL participated 
in the study. The ages varied from nine months 
to 15 years at the time of diagnosis. The mean 
±SD age for men and women were 5.5±3.7 and 
5.63±3.9 years, respectively. The preponderance 
of the patients (72.7%) did not experience any 
event (death or recurrence), during the study 
period. 70 (16.8%) patients died prior to the first 
recurrence. Among the survivors, the first 
recurrence occurred in 44 (10.6%) patients. The 
disease-free survival (DFS) and the five-year 
overall survival (OS) were 85.9% and 74%, 
respectively. We treated the majority of the patients 
based on the BFM protocol. Table 1 shows the 
demographic and prognostic factors of the patients.  
We classified the patients into subgroups according 
to cut-off values of different factors. A large 
number of patients (77.2%) were aged between 
1-10 years. As observed, 331 (79.4%) of patients 
had platelet counts lower than 150000 cells/mL, 
and 254 (60.9%) had WBCs of lower than 10000 
cells/mL.  

We plotted the cumulative incidence curve for 
the interest and competing events. Table 2 shows 
the one-year, five-year, and eight-year cumulative 
incidence probabilities. Regarding the first 
recurrence, the five-year cumulative incidence 
probability was 13.43; therefore, the cumulative 
risk (marginal probability) for the recurrence of 
leukemia in five years was 13.43% in the presence 
of non-relapse mortality (Figure 1). Concerning 
non-relapse mortality, the five-year cumulative 

Table 1. Demographic and prognostic factors of the study 
population 
Characteristics Mean SD - Frequency (%) 

Age 

<1 35(8.4%) 
1-10 322(77.2%) 
>10 60(14.4%) 

 
Gender  

Male 169(40.5%) 
Female 248(59.5%) 

 
WBC (cells/mL)  

<10000 254(60.9%) 
10000-49999 101(24.2%)  
50000-99999 27(6.5%) 
≥100000 35(8.4%) 

 
Hemoglobin (g/dL) 

__ 7.92.57 
 
PLT (cells/mL)  

<150000 331(79.4%) 
150000-400000 71(17%) 
>400000 15(3.6%) 

 
Cell Lineage  

T cell 29(7%) 
B cell 388(93%) 

 
CNS 

Yes 13(3.1%) 
No 404(96.9%) 

 
Hemorrhage  

Yes 58(13.9%) 
No 359(86.1%) 

 
Mediastinal Mass  

Yes 2(0.5%) 
No 415(99.5%) 

 
Rheumatoid Signs  

Yes 130(31.2%) 
No 287(68.8%) 

 
Tumor Lysis Syndrome  

Yes 21(5%) 
No 396(95%) 

 
Hepatosplenomegaly  

Yes 175(42%) 
No 242(58%) 

 
Lymphadenopathy  

Yes 86(20.6%) 
No 331(79.4%) 

WBC: White blood cell; SD: Standard deviation; CNS: Central nervous system; 
PLT: platelet
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incidence probability was 18.61; therefore, the 
cumulative risk (marginal probability) for non-
relapse mortality in five years, in the presence of 
first recurrence, was 18.61%. As shown in figure 
2, the patients with WBC≥100000 had a 
significantly higher incidence compared to other 
WBC groups.  

We further conducted the univariable and 
multivariable analyses. Based on the univariable 
model, the effects of age at diagnosis (HR: 2.47, 
CI: (1.44, 4.22)) and central nervous system 
(CNS) (HR: 3.85, CI: (1.66, 8.91)) were significant 
for the competing event. WBC count (HR: 3.98, 
CI: (1.85, 8.56)) regarding the event of interest, 
and hemoglobin (HR: 1.12, CI: (0.99, 1.26); HR: 
1.06 CI: (0.96, 1.16)) and PLT count (HR: 0.54, 
CI: (0.29, 1.02); HR: 1.67, CI: (0.85, 3.27)) 
concerning both interest and competing events 
significantly affected the survival time. Table 3 
shows the multivariable model, which contains 

all the significant variables. As seen, WBC count, 
for the event of interest, and CNS for the 
competing event significantly affected the survival 
time of ALL patients. According to table 3, results 
are as follows: 

The event of interest: The hazard of recurrence 
in patients with WBC counts between 50000-
99000 (cells/mL) was 5.76 times higher than 
those with WBC counts lower than 10000 
(cells/mL). 

The competing event: The incidence of death 
in patients with CNS involvement was 4.25 times 
higher than those with no CNS involvement. 
 

Discussion 

The purpose of this study was to determine 
the influence of prognostic factors on the survival 
of ALL patients using a parametric competing 
risk model. In the Weibull model, the occurrence 
probabilities of the two competing causes are not 

Table 2. Cumulative incidence of probabilities of events 
Event of interest (%) Competing event (%) 

One-year cumulative incidence 3.7 11.46 
Five-year cumulative incidence 13.43 18.61 
Eight-year cumulative incidence 19.18 21.34 

Figure 2. Cumulative incidence curve pertaining to the event of interest for WBC count (cells/mL). WBC counts higher than 100000 
(cells/mL) had the highest incidence compared with other WBC groups. 
WBC: White blood cell 
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independent. This indicates that simultaneous 
modeling of causes should be considered. The 
true effects of prognostic variables on these causes 
should be further examined.  

Our study results showed that in the Weibull 

model, patients with WBC counts between 50000-
99000 (cells/mL) had a higher recurrence rate 
compared to those with lower than 10000 
(cells/mL) WBC counts.  We obtained a shorter 
confidence interval for the hazard ratio based on 

Table 3. Competing risks model related to 417 cases of acute lymphoblastic leukemia 
Variables              Adjusted 95% CI P-Value 

      Subhazard Ratio 

Age (first recurrence)  

<1 _ - - 
1-10 0.97 (0.35 - 2.65) 0.95 
>10 1.45 (0.46,4.59) 0.51 

WBC count (cells/ml) (first recurrence)  

<10000 - - - 
10000-49999 1.34 (0.62, 2.89) 0.45 
50000-99999 5.76 (2.46, 13.49) 0.000* 
≥100000 2.46 (0.76,7.98) 0.13 

 
Hemoglobin(g/dL) (first recurrence)  

- 1.10 (0.97,1.25) 0.11 
 
PLT Count(cells/ml) (first recurrence)  

150000-400000 - - - 
<150000 0.48 (0.23,1.07) 0.05 
>400000 1.31 (0.35,4.89) 0.67 

 
CNS (first recurrence)  

No - - - 
Yes 1.17 (0.15,8.95) 0.87 

 
Age (non-relapse mortality)  

<1 - - - 
1-10 0.97 (0.40,2.37) 0.96 
>10 2.21 (0.86,5.67) 0.09 

 
WBC count(cells/ml) (non-relapse mortality)  

<10000 - 
10000-49999 0.74 (0.40,1.37) 0.34 
50000-99999 0.94 (0.33,2.65) 0.91  
≥100000 1.57 (0.72,3.42) 0.24 

 
Hemoglobin(g/dl) (non-relapse mortality)  

- 1.05 (0.95,1.17) 0.30 
 
PLT count(cells/ml) (non-relapse mortality)  

150000-400000 - - - 
<150000 1.62 (0.79,3.31) 0.18 
>400000 0.51 (0.06,4.11) 0.52 

 
CNS (non-relapse mortality)  

No - - -  
Yes 4.25 (1.79,10.05) 0.000* 

*: significant at alpha=0.05; WBC: White blood cell; PLT: platelet; CNS: Central nervous system;  
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the Weibull model compared to the Fine and Gray 
model for WBC count. This shows that estimations 
based on the Weibull model are more accurate 
than the Fine and Gray model.13 The present study 
considered univariable and multivariable models. 
In the univariable model, age and CNS for the 
competing event were statistically significant. 
However, for both events (competing event and 
event of interest), significant variables were WBC 
counts, hemoglobin, and PLT count. The other 
variables of the study, including gender, cell-
lineage, hemorrhage, mediastinal mass, 
lymphadenopathy, hepatosplenomegaly, and 
rheumatoid signs did not show any statistically 
significant results. Therefore, based on our results, 
WBC of more than 10000 and CNS involvement 
are the most important factors for identifying the 
chances of recurrence and death. A higher WBC 
may augment the tissue infiltration, particularly 
in the immune privileged sites. These findings 
were also reported in previous studies. In a 
univariable analysis, Hazar et al. reported that 
significant variables were ages lower than 10 
years, WBC count, hepatosplenomegaly, 
mediastinal mass, and immunophenotype.12 In 
another study on leukemia relapse, Karimi et al. 
observed WBC count and age  to be significantly  
correlated with the average survival rate; similarly, 
WBC count and age were significant in the present 
study.22 Other variables, including mediastinal 
mass and CNS involvement, had no significant 
relationship with survival rate.22 We assumed that 
most patients  with CNS involvement were 
actually diagnosed in high stages; moreover, it 
is known that CNS is an immunologically 
privileged region isolated from the blood system 
by blood-brain barriers (BBB) and blood-CSF 
barriers. Accordingly, when lymphoblastic cells 
reside in the CNS, they escape from the effects 
of chemotherapy agents. 

Similarly, our multivariable model assessment 
showed that WBC count and CNS involvement 
were significant; however, the other significant 
variables in the univariable model did not show 
significant results in this model. In a multivariable 
analysis by Baker et al., gender and time of 
treatment independently correlated with overall 

survival using a Cox proportional hazard.23 In 
2007, Moorman et al. used a Cox proportional 
hazards model to assess the relationship between 
the prognostic variables  and the survival of ALL 
patients.24 Sex, age, and T-cell status were 
significant predictors of the outcome for the EFS 
and OS.24 In a study performed by Sousa et al. 
on patients with ALL in northern Brazil, the age 
at diagnosis had a relationship with prognosis.6 
The overall survival rate was significantly better  
in patients aged 9 years or younger and  those 
with WBC counts lower than 50000 (cells/mL).6 
Based on our results, in contrast to the previous 
studies, age variable had no significant influence 
on the disease course. Such discrepancy might 
be ascribed to the differences in statistical analysis 
methods.  Bonakchi et al. performed a study on 
childhood leukemia in Iran, using a proportional 
subdistribution hazard model.13 The five-year 
cumulative incidence probabilities were 12% and 
17% regarding the event of interest and competing 
event, respectively. Moreover, for the first 
recurrence, WBC and platelet counts were 
significant in the multivariable analysis.13 These 
results are in line with our study regarding the 
first recurrence, but they are different in terms 
of non-relapse mortality. Hosseini et al. performed 
a Cox regression model on ALL patients and 
found out that age at diagnosis and WBC count 
were significant for the event of death.25 According 
to the issues mentioned at the beginning of this 
discussion, more significant variables on survival 
rate were obtained in the Weibull model compared 
to subdistribution hazard model. The results of 
the multivariable Weibull model suggested that 
the mortality incidence in patients with CNS 
involvement was 4.25 times more than those 
without CNS involvement. 

Our study carried some limitations. First, this 
study was performed in a specific geographic 
area of Iran. On the other hand, there might be 
some unknown genetic or environmental factors 
influencing the results; therefore, the findings 
might not be completely generalizable to other 
populations. Second, the data on diagnosis and 
treatment plans were based on the documentations 
done by multivariable providers; therefore, they 
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were subject to inconsistency in documentations, 
although death and cancer recurrence are objective 
measures. This was a relatively large study with 
dissent follow-up period and small attrition. 

Collectively, we observed WBC count and 
CNS involvement as the most important 
prognostic markers in specifying relapse and 
death rates; therefore, these markers are to be 
considered when selecting a treatment plan or 
performing risk stratification. This study also 
showed that in regard to the assessment of true 
effects, Weibull model was more flexible than 
cause-specific and subdistribution models. In 
addition, it is more accurate in identifying 
significant prognostic factors when the competing 
events are not censored. Huang and Chen 
mentioned that considering these competing events 
as censors could lead to biased survival 
probabilities.26,27 In a competing risks analysis, 
all the possible causes should be considered, 
because by focusing on only one cause, the risk 
of disregarding important factors increases, 
thereby affecting the analysis.  
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