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Sex is a significant prognostic factor in the survival of pediatric acute lymphoblastic leukemia (ALL) 
with girls having superior outcome. This phenomenon could be partly due to the intrinsic relationship 
between sex and other prognostic factors. The present study aimed to assess the effect of sex on ALL 
survival after accounting for interactions of sex with age at diagnosis and radiation, in addition to 
known prognostic factors. We utilized 1973 to 2009 surveillance epidemiology and end results data. In a 
multivariable Cox proportional hazard model, stratified by the year of diagnosis, the prognostic value of 
sex diminished (adjusted hazard ratio (AHR) = 1.21, 95% confidence interval (CI): 0.93, 1.57). The 
difference in mortality between girls and boys was the lowest in the irradiated children diagnosed 
between ages 10 and 19 years. In this subgroup, boys’ risk of mortality was not substantially different 
from that of girls (AHR = 0.96, 95% CI: 0.70, 1.33). In the large population based study, after accounting 
for the aforementioned interaction effects, the prognostic value of sex in ALL survival diminished, and 
it is eliminated in the irradiated children diagnosed between ages 10 to 19 years. 
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INTRODUCTION 
 
Sex has consistently been shown to be associated with 
the prognosis and survival in pediatric acute 
lymphoblastic leukemia (ALL) (Carroll et al., 2003; Sather 
et al., 1981). Girls have a superior event-free survival 
compared to boys given equivalent therapy, whereas 
boys are at higher risk for genetic predispositions to ALL 
and treatment-related adverse events (Chessells et al., 
1995; Dordelmann et al., 1999; Lanning et al., 1992; 
Nachman et al., 1998; Smith et al., 1996). Other clinical 
features that have been  identified  as  having  prognostic 

values include age at diagnosis, race, immunophenotype, 
chromosomal abnormalities and the number of primary 
tumor sites (Carroll et al., 2003; Hilden et al., 1995; Pui et 
al., 1994; Reaman et al., 1999; Rubnitz et al., 1997). 
Although pediatric ALL survival dramatically improved 
over the years because of advancements in early 
detection and treatment protocol, the survival difference 
by sex persists (Möricke et al., 2005; Reaman et al., 
1985; Sather, 1986). This phenomenon could be due to 
the intrinsic relationship between sex and other prognostic
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prognostic factors. It has been reported that the 
proportion of boys diagnosed later in childhood is higher 
than that of girls, while increased age at diagnosis is 
associated with increased risk of mortality, and T-cell 
ALL, which has worse prognosis than B-cell ALL, occurs 
more commonly in boys, and those with T-cell ALL 
undergo more intensified therapies; on the other hand, 
the magnitude of the difference in ALL survival by sex is 
less apparent in recent studies with intensified therapy 
(Carroll et al., 2003; Möricke et al., 2008; Pui et al., 2009; 
Silverman et al., 2001). 

Research on the relationship between the prognostic 
factors and their associations with pediatric ALL survival 
has been scanty, especially in the changing ALL survival 
and treatment protocols. The five-year survival rate of 
pediatric ALL patient was 43.2% in 1975 and 87% in 
2005, and it has been found that many conventional risk 
factors have lost predictive strength (Pui, 1997). In this 
study, we sought to assess the extent of the association 
of sex and the survival patterns of pediatric ALL patients 
in the US, using the surveillance epidemiology and end 
result (SEER) data set from 1973 to 2009 after 
accounting for age at diagnosis, race, primary tumor 
sites, ALL immunophenotype, radiation therapy and 
interactions of sex with age at diagnosis and radiation 
therapy. In addition, we evaluated the impact of sex on 
the survival of irradiated ALL patients diagnosed between 
ages 10 to 19 years. The SEER program of the National 
Cancer Institute (NCI) is the most comprehensive and 
reliable source of population-based information in the 
United States on cancer incidence and survival (Ries et 
al., 1999). The SEER dataset is large and well 
representative to ALL patients in the US which is ideal for 
epidemiological investigation like ours. The patients were 
diagnosed during 1973 to 2009. Patients diagnosed in 
1973 have as long as 37 years of follow-up time, while 
those diagnosed later had shorter periods of follow-up. In 
short, the survival patterns of pediatric ALL patients in the 
SEER dataset are not constant over the follow-up period.  
To account for this time-varying survival pattern, we 
stratified the analysis by the year of the diagnosis 
grouped into 5-year intervals. 
 
 
MATERIALS AND METHODS 
 
The study included 14192 children who were diagnosed with ALL 
between ages 0 to 19 years during 1973 to 2009, whose 
information was reported to one of the 17 SEER registries. The 
SEER data are estimated to represent 28% of the US population 
(Howlader et al., 2013; Ries et al., 1999). The SEER registries 
collect population data on age, sex, race, year of diagnosis, primary 
tumor sites, tumor morphology and follow-up for vital status 
(Howlader et al., 2013; Ries et al., 1999). The subgroup analysis 
included only children who were diagnosed between 10 and 19 
years and received the radiation therapy. The data sets were 
accessed upon the approval of the SEER Data Access Agreement. 
The data were used only for the research purpose. All results were 
presented in a way that no individual could be identified. The study 
variables are described in brief. 
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Age at diagnosis 
 
The SEER data included a variable of age at diagnosis recoded as 
< 1, 1 to 4, 5 to 9, 10 to 14 and 15 to 19 years. This age 
classification is representative of age based pediatric ALL risk 
groupings used in most studies and was adopted for the purpose of 
this paper. 
 
  
Year of diagnosis 
 
The study covered ALL patients diagnosed between 1973 and 
2009. This variable was recorded in single-year interval. We 
recoded this variable into five-year intervals (1973 to 1977, 1978 to 
1982, 1983 to 1987, 1988 to 1992, 1993 to 1997, 1998 to 2002, 
2003 to 2007, 2008 to 2009). The interval 2008 to 2009 contains 
only two years.  The maximum follow-up period of this study is 37 
years.  
 
 
Sex 
 
Sex was a nominal variable in the SEER dataset and used as a 
binary variable with female as the reference group. 
 
  
Race 
 
In the SEER dataset, the variable race contained information of 
white, black, Asian/Pacific Islander and others or unknown. 
Because of the limited number of subjects, we did not include the 
later two categories in the analysis. We regrouped this variable as 
Caucasian (White), African American (Black) and Others/unknown 
(Asian/Pacific Islander, Others or Unknowns). African American 
(AA) was set as the reference group in our analyses. 
 
 
Number of primary tumor sites 
 
The minimum number of primary tumor site was 1 in the SEER 
data, while the maximum number was 3. In our preliminary ex-
ploration, we found 1.1% of patients with 2 primary sites and 0.1% 
with 3 primary tumor sites. Hence, we collapsed the variable into 
two categories: one primary and two or more primary sites. Patients 
with one primary tumor site were selected as the reference group. 
 
 
ALL immunophenotype 
 
The information on the ALL immunologic features was available in 
the SEER dataset. We used two distinct immunophenotypes: T-cell 
and B-cell/B-precursor. This variable was treated as binary, with the 
T-cell as the reference group. 
 
 
Radiation therapy 
 
Information of radiation therapy was listed as (a) Beam radiation, 
(b) combination of beam radiation with implant or isotopes, (c) 
none, (d) radiation, NOS, (e) recommended, (f) refused, and (g) 
unknown in the SEER dataset. The variable was dichotomized into 
“yes, had radiation therapy of any kind” versus “no, never had 
radiation therapy during the time of data collection”. 
 
 
Follow-up time and survival status 
 
The follow-up time was documented as the duration from the time 
of diagnosis to death from any cause or the last day of the available  
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survival information in the SEER registry. In the dataset, those who 
did not experience the event (death) during the follow-up time were 
censored. The survival status was determined on a binary scale, 
with 0 for censored and 1 for the event or failure. 
 
  
Statistical analyses 
 
Clinical features of ALL patients were summarized by sex. 
Categorical variables were described using frequencies and 
percentages, while continuous variables were summarized using 
medians, 75% percentiles, means and standard errors (SE). 
Pearson’s 2statistic was used to examine the distribution of clinical 
features of ALL patients by sex. Five- and ten-year survival rates 
were calculated for boys and girls. The distribution of mortality was 
presented by sex, age at diagnosis, and the receipt of radiation. A 
univariable Cox proportional hazard model was performed to 
assess the effect of individual study variables. We utilized a 
multivariable Cox proportional hazard model, stratified by the year 
of diagnosis, to assess the extent of the association of sex with the 
survival of ALL after accounting for the effect of other influential 
factors found in the univariable model and interaction effects of sex 
with age at diagnosis and radiation therapy.  In this regard, we 
performed two adjusted models with and without the inclusion of 
immunophenotype in the model. The variable immunophenotype 
had 5881 missing values. For both adjusted models, analyses were 
stratified by the year of diagnosis to account for the time varying 
survival in the follow-up period. In addition, we performed a 
subgroup analysis to compare the risk of mortality from ALL 
between girls and boys in irradiated children diagnosed between 
ages 10 to 19 years. The statistical software SAS version 9.3 (SAS 
institute, Cary, NC, USA) was used to perform the analyses. 
 
  

RESULTS 
 
There were 8,113 (57.2%) boys and 6,079 (42.8%) girls 
among 14,192 pediatric ALL patients in the SEER 
dataset. Table 1 presented the distributions of clinical and 
survival features of pediatric ALL by sex.  There were no 
substantial differences in the distribution of girls and boys 
by race and year of diagnosis, P > 0.05. Compared to 
girls, more boys were diagnosed in each age at diagnosis 
group except that in the infants. The proportion of boys 
increased steadily with increased age of diagnosis (2 for 
trend = 79.43, df = 1, P < 0.0001). Approximately, 48 and 
68% of children diagnosed at < 1 and 15 to 19 years 
were boys, respectively. Marginally higher percentages of 
girls (1.6%) had multiple primary tumor sites compared to 
boys (1.1%), (2 = 6.64, df = 1, P = 0.009). There was a 
highly significant difference in the distribution of 
immunophenotype by sex (2 = 127, df = 1, P < 0.0001). 
Compared to girls (5.1%), a higher percentage of boys 
(10.4%) were found with T-cell phenotype. About 15.2% 
girls and 19.4% boys received radiation therapy. The 
75th percentile survival time (SE) was 206 (22.55) 
months in girls and 74 (6.21) months in boys, while the 
mean survival time (SE) was 339.06 (2.88) months in 
girls and 323.67 (2.60) months in boys. The 5-year over-
all survival rate was 79%, while the 10-year survival rate 
was 74%. Girls had better 5 and 10-year survival rates 
(82 and 77%) compared to  that  of  boys  (77  and  71%).  

 
 
 
 
There was a significant difference in the distribution of 
deaths between boys and girls (2 = 47, df = 1, P < 
0.0001), as all-cause-mortality was 19.2 and 24.0% in 
girls and boys, respectively. Table 2 displayed the distri-
bution of mortality in pediatric ALL patients by sex, age at 
diagnosis and the receipt of radiation therapy. Although, 
the proportion of death was higher in boys than that in 
girls across all ages at diagnoses, this difference varied 
substantially depending on the receipt of the radiation 
therapy. Of the 449 children diagnosed at infancy, only 
61 patients received radiation therapy of which 30 and 31 
were girls and boys, respectively. The proportion of 
mortality was higher in boys (63.3%) than that in girls 
(48.3%) in this very young group of irradiated children, 
while there was no substantial difference in mortality 
between the non-irradiated girls (49%) and boys (50%) of 
the same age group of diagnosis.  

Among the children diagnosed between 1 to 4 years of 
ages and received the radiation therapy, 26.3% of girls 
and 33.4% of boys died, while in the non-irradiated 
group, 9.9 and 13.0% of girls and boys died, respectively. 
Of those who were diagnosed at ages 5 to 9 years and 
received radiation therapy, 27.3% of girls and 34.0% of 
boys died, while only 14.8% of girls and 18.4% of boys 
died in non-irradiated patients of the same age at diagno-
sis group. Similarly, among children who were diagnosed 
between 10 to 14 years of age, 36.2 and 34.4% of 
irradiated girls and boys experienced death, respectively, 
while 25.2 and 29% of non-irradiated girls and boys died. 
In the children with age of diagnosis between 15 to 19 
years, about 41.1 and 41.4% of irradiated girls and boys 
died, respectively, while 36.3 and 41.3% of non-irradiated 
girls and boys died, respectively.   

Table 3 showed the factors associated with mortality in 
pediatric ALL in the SEER dataset. In this univariable Cox 
proportional hazard model, there was a highly significant 
difference in the mortality outcome in pediatric ALL by 
sexes. Boys were 1.29 times as likely as girls to die from 
ALL, hazard ratio (HR) = 1.29, 95% confidence interval 
(CI): 1.20, 1.39. Compared to the reference group, in-
fants, the estimated HR of children diagnosed with ALL in 
the 1 to 4, 5 to 9, 10 to 14 and 15 to 19 age groups were 
HR = 0.18, 95% CI: 0.15, 0.20, HR = 0.26, 95% CI: 
0.2,0.30, HR = 0.44, 95% CI: 0.38, 0.51 and HR = 0.69, 
95% CI: 0.59, 0.80, respectively. AA pediatric ALL pa-
tients did differ from those of Caucasians with respect to 
mortality, and 44% were more likely to experience 
mortality, HR = 1.44, 95% CI: 1.27, 1.62.  Although not 
significant, children diagnosed with multiple primary 
tumor sites showed a higher risk of death compared to 
those who had a single primary tumor site at the time of 
diagnosis, HR = 1.18, 95% CI: 0.92, 1.52. Children with 
the B-cell and B-precursor ALL had a lower hazard than 
those with T-cell ALL, HR = 0.57, 95% CI: 0.49, 0.65. 
Radiation, per se, did not improve survival; rather survival 
was worsened in patients received radiation therapy. 
Compared to the children who did  not  undergo  radiation  
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Table 1. Characterization of Pediatric ALL Clinical Features by Sex, SEER Registry 1973-2009. 
 

Variable Female (%) Male (%) Chisq (df†) P 

Age group at diagnosis (years)   
<1 235 (3.9) 217 (2.7) 

110.1 (4) <0.0001 
1-4 2,830 (46.6) 3,553 (43.8) 
5-9 1,568 (25.8) 1,917 (23.6) 
10-14 902 (14.8) 1,273 (15.7) 
15-19 544 (8.9) 1,153 (14.2) 
     
Race     
Caucasian 5,051 (83.1) 6,766 (83.4) 

0.3 (2) 0.876 African American 437 (7.2) 568 (7.0) 
Other/Unknown 591 (9.7) 779 (9.6) 
     
Primary Tumor Site     
1 5,983 (98.4) 8,025 (98.9) 

6.6 (1) 0.010 
≥2 96 (1.6) 88 (1.1) 
     
Immunophenotype     
T-Cell 307 (5.1) 844 (10.4) 

127.0 (1) <0.0001 
B-Cell, B-Precursor 3,174 (52.2) 3,986 (49.1) 
     
Radiation     
Yes 926 (15.2) 1,572 (19.4) 

41.5 (1) <0.0001 
No 5,119 (84.2) 6,489 (80.0) 
     
Year of diagnosis     

1973-1977 313 (5.1) 439 (5.4) 

5.5 (7) 0.599 

1978-1982 369 (6.1) 473 (5.8) 
1983-1987 402 (6.6) 536 (6.6) 
1988-1992 486 (8.0) 672 (8.3) 
1993-1997 751 (12.4) 1,008 (12.4) 
1998-2002 1,368 (22.5) 1,727 (21.3) 
2003-2007 1,681 (27.7) 2,338 (28.8) 
2008-2009 709 (11.7) 920 (11.3) 
     
Survival time (months)   
75th percentile 206 (22.546) 74 (6.213) - - 
Median  - - - - 
Mean (SE) 339.06 (2.88) 323.67 (2.60) - - 
5-yr Survival 82.0 77.0 - - 
10-yr Survival 77.0 71.0 - - 
     
Mortality Status     
Dead 1,169(19.2) 1,951(24.0) 

47.0 (1) <0.0001 
Alive 4,910 (80.8) 6,162 (76) 

 
†df: degrees of freedom. 

 
 
 
therapy, the irradiated children had an approximately 
1.66 times higher hazard, HR = 1.66, 95% CI: 1.53, 1.79, 
of dying from ALL. The HR decreased monotonically over 

the year of diagnosis, which implied the time-varying 
survival pattern during the follow-up period. 

Table 4 presented the risk of mortality  associated  with  
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Table 2. Distribution of ALL patients (1973-2009 SEER Data) mortality by sex, age at diagnosis and receipt of radiation. 
 

Age group at diagnosis (year) 

Proportion of mortality 

Without radiation  With radiation 

Female (%) Male (%)  Female (%) Male (%) 

<1 100 (49.0) 92 (50.0)  15 (48.4) 19 (63.3) 
1-4 246 (9.9) 401 (13.0)  89 (26.3) 149 (33.4) 
5-9 202 (14.8) 282 (18.4)  54 (27.3) 128 (34.0) 

10-14 167 (25.2) 253 (29.0)  83 (36.2) 133 (34.4) 
15-19 149 (36.3) 334 (41.3)  53 (41.1) 138 (41.4) 

 

The number in parenthesis indicates the percentage of mortality in the corresponding group 
 
 
 

Table 3. Hazard risk of mortality associated with sex and other prognostic factors in pediatric ALL patients 
(1973-2009 SEER data) in a univariable Cox proportional hazard model. 
 

Variables Hazard ratio (HR) 95% C.I.‡ P 

Sex    
Female 1 - Reference 
Male 1.29 1.20, 1.39 <0.0001 
    
Age at diagnosis (years)    
<1 1 - Reference 
1-4 0.18 0.15, 0.20 <0.0001 
5-9 0.26 0.22, 0.30 <0.0001 
10-14 0.44 0.38, 0.51 <0.0001 
15-19 0.69 0.59, 0.80 <0.0001 
    
Race    
Caucasian 1 - Reference 
AA 1.44 1.27, 1.62 <0.0001 
    
Primary tumor sites    
1 1 - Reference 
≥2 1.18 0.92, 1.52 0.195 
    
Immunophenotype    
T-Cell 1 - Reference 
B-Cell, B-Precursor 0.57 0.49, 0.65 <0.0001 
    
Radiation    
No 1 - Reference 
Yes 1.66 1.53, 1.79 <0.0001 
    
Year of diagnosis    
1973-1977 1 - Reference 
1978-1982 0.70 0.61, 0.80 <0.0001 
1983-1987 0.56 0.49, 0.65 <0.0001 
1988-1992 0.38 0.33, 0.44 <0.0001 
1993-1997 0.32 0.28, 0.36 <0.0001 
1998-2002 0.29 0.26, 0.33 <0.0001 
2003-2007 0.24 0.21, 0.27 <0.0001 
2008-2009 0.19 0.14, 0.25 <0.0001 

 

‡C.I.: Confidence Interval. 
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Table 4. Hazard risk of mortality associated with sex  in pediatric ALL patients (1973-2009 SEER data) in an adjusted 
multivariable Cox proportional hazard model, stratified by the year of diagnosis. 
 

Variable 
Model without immunophenotype Model with immunophenotype 

Adjusted hazard 
ratio (AHR) 

95% C.I.‡ P 
Adjusted hazard 

ratio (AHR) 
95% C.I. P 

Sex 
Female 1 - Reference 1 - Reference 
Male 1.21 0.93, 1.57 0.159 1.44 0.97, 2.14 0.069 
       
Age at Diagnosis (year) 
<1 1 - Reference 1 - Reference 
1-4 0.17 0.14, 0.21 <0.0001 0.13 0.09, 0.18 <0.0001 
5-9 0.23 0.19, 0.29 <0.0001 0.22 0.15, 0.31 <0.0001 
10-14 0.47 0.37, 0.58 <0.0001 0.42 0.29, 0.59 <0.0001 
15-19 0.73 0.58, 0.93 0.009 0.70 0.49, 0.99 0.044 
       
Race 
Caucasian 1 - Reference 1 - Reference 
AA 1.45 1.28, 1.64 <0.0001 1.33 1.10, 1.61 0.004 
       
Primary tumor sites 
1 1 - Reference 1 - Reference 
≥2 1.17 0.90, 1.50 0.241 0.69 0.45, 1.07 0.094 
       
Radiation 
No 1 - Reference 1 - Reference 
Yes 0.90 0.78, 1.03 0.128 1.13 0.88, 1.45 0.330 
       
Sex * age at diagnosis (year) 
Male* 1-4 years 1.09 0.82, 1.47 0.551 1.01 0.64, 1.60 0.961 
Male* 5-9 years 1.12 0.82, 1.52 0.474 0.89 0.56, 1.41 0.618 
Male* 10-14 years 0.90 0.66, 1.22 0.493 0.79 0.50, 1.25 0.315 
Male * 15-19 years 0.92 0.68, 1.26 0.599 0.77 0.49, 1.22 0.271 
Sex* radiation 1.07 0.91, 1.27 0.418 0.87 0.65, 1.17 0.346 
       
Immunophenotype 
T-Cell - - - 1 - Reference 
B-Cell, B-Precursor - - - 0.84 0.73, 0.97 0.016 

 

* indicates interaction. ‡C.I.: Confidence Interval 
 
 
 
sex in pediatric ALL patients estimated from two 
multivariable variable Cox proportional hazard models. 
The first model was adjusted for the effects of age at 
diagnosis, race, number of primary tumors, radiation, 
interactions of sex with age at diagnosis and radiation. 
The second model included immunophenotype in addi-
tion to the variables in the first model. After accounting for 
the main and interaction effects in the first model and 
stratification by the year of diagnosis, the significance of 
the difference in survival between girls and boys, found in 
univariable model, failed to persist, adjusted HR (AHR) = 
1.21,   95%  CI:  0.93,  1.56,  P = 0.15.  After  inclusion  of  

immunophenotype in the model, the significance of the 
sex difference still failed to persist in a relatively smaller 
number of patients.   

Table 5 illustrated the hazard risk of mortality 
associated with sex in irradiated pediatric ALL patients 
diagnosed between ages 10 and 19 years, estimated in 
two multivariable variable Cox proportional hazard 
models. The first model was adjusted for the effects age 
at diagnosis and race, and the other model included 
immunophenotype in addition to the age at diagnosis and 
race. There was no substantial sex difference in the risk 
of mortality in this  subgroup  of  irradiated  pediatric  ALL  
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Table 5. Hazard risk of mortality associated with sex in pediatric ALL patients diagnosed between ages 10 and 19 years who 
received radiation therapy (1973-2009 SEER dataset) in an adjusted multivariable Cox proportional hazard model, stratified by 
the year of diagnosis. 
 

Variable 
Model without immunophenotype Model with immunophenotype 

Adjusted hazard 
ratio (AHR) 

95% C.I.‡ P 
Adjusted hazard 

ratio (AHR) 
95% C.I. P 

Sex 
Female 1 - Reference 1 - Reference 
Male 1.09 0.89, 1.35 0.41 0.96 0.70, 1.33 0.819 
       
Age at diagnosis (year) 
10-14 1 - Reference 1 - Reference 
15-19 1.33 1.10, 1.62 0.005 1.34 1.00, 1.81 0.052 
       
Race 
Caucasian 1 - Reference 1 - Reference 
AA 1.21 0.83, 1.76 0.32 1.24 0.73, 2.10 0.433 
       
Immunophenotype 
T-Cell - - - 1 - Reference 
B-Cell, B-Precursor - - - 1.49 1.07, 2.08 0.018 

 

‡C.I.: Confidence Interval 
 
 
 
patients; AHR = 1.09, 95% CI: 0.89, 1.35 and AHR = 
0.96, 95% CI: 0.70, 1.33 in the first and second models, 
respectively. 
 
      
DISCUSSION 
 
Sex disparity in the survival of pediatric ALL has long 
been consistently reported (Carroll et al., 2003; Pui et al., 
1999; Sather et al., 1981). The present study have 
attempted to assess the impact of sex on ALL survival 
after accounting for the effects other known prognostic 
factors and their interactions with sex. There are few 
findings from our study. First, the distribution of mortality 
from pediatric ALL by sex is substantially different by the 
receipt of radiation therapy and age at diagnosis. Se-
condly, the significance of sex on the survival of pediatric 
ALL has diminished after accounting for the effects of the 
following prognostic factors: age at diagnosis, receipt of 
radiation therapy, race, immunophenotype and 
interactions of sex with age at diagnosis and receipt of 
radiation therapy. Thirdly, there is no substantial impact 
of sex on the survival of pediatric ALL among irradiated 
patients diagnosed between 10 and 19 years.  

In the SEER population based dataset of pediatric ALL, 
difference in mortality by sex remained consistent over 
the age at diagnosis in non-irradiated children, except 
among those diagnosed during infancy (Table 2). The 
result of this disparity in pediatric ALL survival is 
supported by findings of the previous studies (Carroll et 

al., 2003; Chessells et al., 1995; Sather et al., 1981). No 
difference in mortality by sex has been observed in non-
irradiated children diagnosed during infancy. However, 
among the irradiated children, substantially differential 
mortality patterns have been observed between girls and 
boys over the age at diagnosis. The irradiated children, 
diagnosed during infancy have shown the largest 
difference in mortality, 15%, between girls (48%) and 
boys (63%). In fact, the proportion of deaths in girls of 
this group of children is the same as that in non-irradiated 
children of the same age of diagnosis. Irradiated boys 
diagnosed between ages 1 to 9 years are likely to have a 
higher mortality compared to irradiated girls of the same 
ages. While, no difference in mortality is observed 
between irradiated girls and boys diagnosed between 
ages 10 to 19 years. Radiation therapy may likely to have 
a key role in the removal of the sex disparity of mortality 
in this group of pediatric ALL patients. This finding is 
partly supported by previous studies showing a lessened 
sex disparity in survival due to the use of intensified 
therapy (Carroll et al., 2003; Pui et al., 2009; Silverman et 
al., 2001).  

Although boys have shown a highly significantly 
increased risk of mortality compared to girls in the un-
adjusted analysis, the significance of this sex difference 
in the mortality has diminished after the adjustment for 
the prognostic factors of age at diagnosis, race, receipt of 
radiation therapy, interaction of sex with age at diagnosis, 
and the interaction of sex with the receipt of radiation 
therapy.   In  a  subgroup  analysis  of  irradiated  children  



 
 
 
 
diagnosed between ages 10 to 19 years, no substantial 
effect of sex on the survival of pediatric ALL is observed 
in a model adjusted for age at diagnosis and race (Table 
5). This result is further enhanced with the inclusion 
immunophenotype in the model (Table 5).  

In addition, our study has confirmed the prognostic 
value of age at diagnosis (Carroll et al., 2003; Möricke et 
al., 2005; Sather, 1986), immunophenotype (Pui et al., 
1993) and race (Bhatia et al., 2002; Kadan-Lottick  et al., 
2003) which are identified as the important predictors of 
pediatric ALL survival in previous studies .    

Like other epidemiological studies, the current study is 
not without limitation. First, our results may be driven in 
part by the effect of unmeasured confounders. There is 
no other treatment information except radiation therapy in 
the SEER data. Secondly, the follow-up periods tend to 
be shorter for children diagnosed more recently. How-
ever, our results are not limited by this variability of the 
follow-up time, since we have stratified the analysis by 
the year of diagnosis. Despite the limitations, epidemio-
logic studies often utilize population based large datasets 
and are able to provide naive insight into the etiology of 
the disease and treatment processes which are later 
verified through intensive investigations.    
 
 
Conclusion 
 
The sex disparity in the survival of pediatric ALL may be 
partly explained by its interaction with age at diagnosis 
and radiation treatment; and the radiation therapy could 
eliminate the sex disparity in the survival of ALL patients 
after diagnosed of 10 years. Further research is 
warranted to validate the findings of this study.  
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