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Abstract

Background: Acute lymphoblastic leukemia (ALL) accounts for 25% of cancers
among children less than 15 years of age. This study aimed to evaluate and determine
the prognostic factors affecting the survival of leukemia patients using cumulative
incidence function.

Method: This was a retrospective study done on 176 children under 15 who had
ALL between 2011 and 2019. Overall survival, event-free survival, disease-free
survival (DFS), and non-relapse mortality served as the study's endpoints. Using the
Fine-Gray model, the Kaplan-Meier, single-variable, and multivariable analyses were
conducted. Schwenfeld weighted residuals were used to test the proportional hazard
hypothesis. SAS was used to conduct the analysis.

Results: The hazard ratio (HR) of DFS for effective variables was calculated (girls
compared to boys: 0.37 [95% confidence interval (CI): 0.15-0.91], positive testis test:
10.34 [95% CI: 4.44-24.05], children with central nervous system involvement: 2.95
[95% CI: 1.36-6.40], testicular swelling in children: 11.54 [95% CI: 4.21-31.59],
children with hepatosplenomegaly larger than 2 cm: 0.30 [95% CI: 0.10-0.88], high
risk of disease compared to low risk: 4.76 [95% CI: 1.12-20.22], children with complete
remission in 28™ day compared with no complete remission: 0.10 [95% CI: 0.04-
0.25]. Only hemoglobin was substantially linked with DFS in the multivariate DFS
HR. Children who got radiation had a 77% reduced risk of non-recurrence death than
those who did not (HR: 0.23, 95% CI: 0.08-0.60).

Conclusion: Being a girl, having family history, and not having radiotherapy were
the main factors to develop death before the first recurrence in children.
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Introduction

One of the main causes of mortality and a
significant global public health issue is cancer.
The most prevalent malignancy among children
under the age of 14 is leukemia.!** Leukemia is
regarded as the second most common cause of
mortality in children under the age of 15.° Among
kids under the age of 15, acute lymphoblastic
leukemia (ALL) makes about 25% of all cancer
cases.® In recent decades, there was a significant
improvement to treat children with leukemia, but
now a large proportion of children with cancer
relapse after the disease.” Despite advances in
treating this disease, about 20% of patients
experience recurrence.’

ALL in children is a heterogeneous disease,
and various factors, such as age at diagnosis,
gender, lymph node enlargement, white blood
cell count, immune phenotype, central nervous
system (CNS) disease, and response to initial
treatment are important to determine the prognosis
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of the disease.” 19 Therefore, sufficient information
on the factors affecting the survival of the patients
with leukemia can prevent premature death of
patients with timely treatment. As a result, it is
important to examine it as a public health issue.
One of the types of research used to assess the
state of the illness and its contributing elements
is the survival of cancer patients. A statistical
technique known as survival analysis is used to
simulate the time to event and investigate the
impact of auxiliary factors on survival time.!!
When analyzing survival data, an event might
happen for a variety of reasons, and when one of
those reasons occurs, it precludes the occurrence
of other reasons, which is known as competing
risk.!2 Thus, in competing hazard data, there are
at least two reasons for failure that compete for
occurrence. When recurrence of leukemia is an
event of interest, death without recurrence is a
competing risk that any individual may experience
the event.!3 Therefore, to achieve accurate patient
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Figure 1. Kaplan Meier curves for the cumulative survival free from leukemia events (Horizontal: Time; Vertical axis: Survival
probability, %). The HR of NRM among children with/without a family history of the disease was significantly different. There was a
statistically significant difference in the likelihood of NRM for the children with complete remission in 28% day compared with no
complete remission. There was a significant difference among three groups regarding free of NRM survival. The group with no complete

remission had the lowest free of NRM survival.
CR: Complete remission; NRM: Non-relapse mortality; HR: Hazard ratio
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Table 1. Baseline characteristics of the participants No 126 (74.1)

Age group CNS

<10 Years 150 (85.7) Positive 45 (26.8)

>10 Years 25(14.3) Negative 123 (73.2)

Sex Testis

Girl 81 (46.0) Positive 8 (4.8)

Boy 95 (54.0) Negative 160 (95.2)

Residential area Radiotherapy

Urban 88 (50.3) Yes 71 (42.3)

Rural 87 (49.7) No 97 (57.7)

Blood group Status of patients

A 58 (40.8) First recurrence 28 (15.9)

B 20 (14.1) Death 49 (27.9)

AB 10 (7.0) Alive 99 (56.2)

0 54 (38.0) BMI (kg/m?) 15.72.5

Family history Platelet (mcL) 40000(18000-101000)
Yes 40 (25.3) Hemoglobin (g/dl) 7.32.8

No 118 (74.7) LDH (U/l) 843.5(585.7-1831.7)
WBC group ‘WBC: White blood count; BMI: Body mass index; LDH: Lactate dehydrogenase;
>50000 46 (26. 1) CNS: Central nervous system

<50000 130 (73.9)

T (9.22) . : S
Positive 42.3) estimates as well as factors affecting patients
Negative 172 (97.7) survival time, competitive risks must be
T(1.19) considered in the analysis.!4

Positive 1(0.6) . .

Negative 175 (99.4) The case-specific model is one of several
Risk of disease techniques for interpreting competitive risk data.
I;tf;‘dard - 8?2 The cumulative probability of the period of the
Low 27 (15:6) event for the event as a cause-specific and other
Immunophenotyping risks are considered as censoring in the cumulative
MR =T 6 (4.8) incidence function (CIF) utilized for competitive
Precursor B-cells 100 (80.6) . . . .
Precursor T-cells 18 (14.5) risk data. This model requires the assumption of
Reply to treatment proportional hazards and is often presented as a
Coumplcic wemmisatton fu 285 dy 138 81.7) semi-parametric.'3-'8 Furthermore, in different
No complete remission in 28 day 9(5.3) . . . T

No complete remission 22 (13.0) studies, the competitive risk regression model
Rheumatoid signs was an efficient model compared with standard
Vs U) survival models, such as Cox, which is used in
No 170 (100) th 1319, 20 T

e o g e Fo 9 e presence of competing risks.'> - <Y This study
Yes 64 (37.6) aimed to investigate the prognostic factors
N 106 (62.4) affecting the survival of leukemia using
Lymphadenopathy >2 ¢cm . . . .

Yes 33(19.4) cumulative incidence functions competing.

No 137 (80.6)

Fever, cough and diarrhea

Yes 52 (30.6) MethOfis . .

No 118 (69.4) In this retrospective study, the medical record
Weakness and loss of anorexia of 176 children under 15 years of age with ALL
s ?37(3(221 )9) from April 2011 to March 2019, who were referred
Testicular swelling to Motahari hospital in West Azerbaijan province,
Yes 5(2.9) was studied. Motahari hospital is the only cancer
I];Iloe eding 165 (07.1 referral center for pediatric leukemia in West
Yes 36 (21.2) Azerbaijan province. Present data were taken
No o . 134(78.8) from patients' medical records and in the event
Lower extremity pain/Abdominal pain that the records were insufficient, phone calls
Yes 44 (25.9)
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Table 2. Univariate and multivariate HRs of the cox regression models for disease-free survival cause (continued)

Univariate Multivariate
Variables HR (%95 CI) P-value HR (%95 CI) P-value
BMI 1.13 (0.98-1.30) 0.096
Platelet 1.00 (1.00-1.00) 0.271
Hemoglobin 1.17 (1.03-1.34) 0.017 0.86 (0.71-1.03) 0.097
LDH 1.00 (1.00-1.00) 0.790
Age
<10 years 0.94 (033-2.72) 0.912
>10 years 1
Sex
Female 0.37 (0.15-0.91) 0.031 0.43 (0.15-1.25) 0.121
Male 1 1
Residential area
Urban 1.20 (0.57-2.53) 0.631
Rural 1
Blood group
A 0.63 (0.26-1.55) 0.316
B 0.88 (0.25-3.15) 0.847
AB 0.46 (0.06-3.55) 0.455
(0] 1
Family history
Yes 1.09 (0.47-2.53) 0.845
No 1
WBC
>50000 1.80 (0.83-3.91) 0.138
<50000 1
T (9.22)
Positive 3.35(0.45-25.17) 0.240
Negative 1
T (1.19)
Positive 16.615 (2.10-131.21) 0.008
Negative 1
Risk of disease
High 4.76 (1.12-20.22) 0.034 11.25 (2.02-62.7) 0.006
Standard 0.48 (0.07-3.38) 0.458 1.01 (0.13-8.01) 0.992
Low 1
Immune phenotype
Mature B-cells 2.43 (0.33-17.86) 0.383
Precursor B-cells 0.91 (0.20-4.15) 0.905
Precursor T-cells 1
Reply to treatment
Complete remission in 28" day  0.10 (0.04-0.25) <0.001
No complete remission in 28" day  0.16 (0.02-1.32) 0.090
No complete remission 1
Hepatosplenomegalia >2 cm
Yes 0.30 (0.10-0.88) 0.029 0.21 (0.06-0.67) 0.009
No 1
Lymphadenopathy >2 ¢cm
Yes 0.53 (0.16-1.78) 0.305
No 1
Fever, cough, diarrhea
Yes 0.66 (0.25-1.76) 0.403
No 1
Weakness, loss of appetite
Yes 0.40 (0.15-1.08) 0.071
No 1
Testicular swelling
Yes 11.54 (4.21-31.59) <0.001
No 1
Bleeding
Yes 0.54 (0.16-1.81) 0.318
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Table 2. Univariate and multivariate HRs of the cox regression models for disease-free survival cause (continued)

Univariate Multivariate
Variables HR (%95 CI) P-value HR (%95 CI) P-value
No 1
Pain
Yes 0.65 (0.25-1.74) 0.397
No 1
CNS
Positive 2.95 (1.36-6.40) 0.006
Negative 1
Testis
Positive 10.34 (4.44-24.05) <0.001 8.02 (2.5-25.3) <0.001
Negative 1 1
Radiotherapy
Yes 0.91(0.40-2.05) 0.814
No 1

HR: Hazard ratio; CI: Confidence interval; BMI: Body mass index; LDH: Lactate dehydrogenase; WBC: White blood cell; CNS: Central nervous system

and interviews with the patient's family were
conducted. The names of the people were hidden
and the information was only accessible to study
researchers. The requirement for inclusion was
to have an eight-year medical history (2011-
2019). People who were not native to the province
of West Azerbaijan were not included in the
research. Patients' characteristics were
descriptively reported. Prognostic factors
considered in the analysis included age, gender,
place of residence, body mass index, platelet,
hemoglobin, low-density lipoprotein (LDL), blood
type, family history, white blood cell, cytogenetic
disorders, risk of disease, immune phenotype,
response to treatment, clinical signs consisting
of rheumatoid symptoms, hepatosplenomegaly
> 2 cm, lymphadenopathy > 2 cm, fever, cough,
diarrhea, weakness, loss of appetite, testicular
swelling-bleeding, abdominal pain, pain in lower
extremities, CNS involvement, testicular
involvement, and radiotherapy. Overall survival,
event-free survival, disease-free survival (DFS),
and non-relapse mortality (NRM) served as the
study's endpoints (NRM). The period of time
from diagnosis to death from any cause or
recurrence was used to determine overall survival
and DFS. The time between the diagnosis date
and the last follow-up before the first incident
was used to compute the event-free survival
period. All deaths without recurrence were counted
as mortality without recurrence. This study was
approved by ethical committee of Urmia
University of Medical Sciences

(#IR.UMSU.REC.1397.151).
Statistical analysis

Continuous variables with normal and skewed
distributions were expressed as mean +SD and
median (IQR, 25t and 75t percentile),
respectively. Baseline data regarding the
categorical variables are presented as frequency
(percentages). At first, based on previous studies,
predictor variables were selected as important
clinical onset leukemia variables. Cox proportional
hazard regression model was used to investigate
the hazard ratio (HR) of each risk factor. Time to
event was defined as time of censoring or having
event, whichever came first. To detect the most
important risk factors of leukemia, a forward
stepwise approach was used (P < 0.2 for entry
and P> 0.1 for removal). The proportional hazards
assumption in the Cox model was checked
graphically, using the Schoenfeld’s test of
residuals; all proportionality assumptions were
generally appropriate. All analyses were carried
out using STATA version 14 SE (Stata Corp LP,
TX, USA), with two-tailed P-values 0.05 being
considered as significant.

Results

A total of 176 children with ALL (46% girl)
were included in the analysis: the patients (85.7%
less than 10 years old) with a mean age of 5.61 +
3.56 years and a mean body mass index (BMI)
of 15.7 + 2.5 kg/m? with median follow-up time
of 1195 days (25" 75t interquartile: 485-2013
days).Other baseline characteristics can be found
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Table 3. Univariate and multivariate HRs of the cox regression models for non-relapse mortality cause (continued)

Univariate Multivariate
Variables HR (%95 CI) P-value HR (%95 CI) P-value
BMI 1.05(0.91-1.21) 0.525
Platelet 1.00 (1.00-1.00) 0.484
Hemoglobin 1.00 (0.88-1.14) 0.981
LDH 1.00 (1.00-1.00) 0.277
Age
<10 years 0.83(0.32-2.16) 0.698
>10 years 1
Sex
Female 1.60(0.787-3.29) 0.203
Male 1
Residential area
Urban 1.32(0.64-2.73) 0.446
Rural 1
Blood group
A 0.84 (0.33-2.11) 0.709
B 1.87 (0.66-5.25) 0.236
AB 0.51 (0.06-4.06) 0.528
o 1
Family history
Yes 0.23 (0.05-0.97) 0.046 0.19(0.04-0.85) 0.030
No 1
WBC group
>50000 1.05 (0.47-2.35) 0911
<50000 1
T (9.22)
Positive 1.55(0.21-11.38) 0.66
Negative 1
Risk of disease
High 1.45 (0.49-4.28) 0.504
Standard 0.97 (0.29-3.24) 0.967
Low 1
immune phenotype
Mature B-cells 0.49 (0.06-4.20) 0.515
Precursor B-cells 0.59 (0.22-1.60) 0.305
Precursor T-cells 1
Reply to treatment
Complete remission in 28 day 0.10(0.05-0.23) <0.001 0.04(0.01-0.13) <0.001
No complete remission in 28 day 0.40( 0.11-1.43) 0.159 0.55 (0.14-2.21) 0.399
No complete remission 1
Hepatosplenomegalia >2 cm
Yes 0.69(0.32-1.51) 0.359
No 1
Lymphadenopathy >2 cm
Yes 0.59 (0.20-1.68) 0.319
No 1
Fever, cough, diarrhea
Yes 1.58 (0.76-3.28) 0.221
No 1
Weakness, loss of appetite
Yes 1.86 (0.91-3.81) 0.089 4.44 (1.67-11.85) 0.003
No 1
Testicular swelling
Yes 0.05 (0.00-442.28) 0.513
No 1
Bleeding
Yes 0.60 (0.21-1.71) 0.337
No 1
Pain
Yes 0.97 (0.43-2.18) 0.940
No 1
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Table 3. Univariate and multivariate HRs of the cox regression models for non-recurrent mortality cause (continued)

Univariate Multivariate
Variables HR (%95 CI) P-value HR (%95 CI) P-value
CNS
Positive 0.86 (0.37-2.02) 0.735
Negative 1
Testis
Positive 0.05 (0.00-83.05) 0.421
Negative 1
Radiotherapy
Yes 0.23 (0.08-0.60) 0.003
No 1

HR: Hazard ratio; CI: Confidence interval; BMI: Body mass index; LDH: Lactate dehydrogenase; WBC: White blood cell; CNS: Central nervous system

in (Table 1).

Tables 2 and 3 summarize the risks associated
with the presence of DFS and NRM. The HR of
DFS for effective variables was calculated (girls
compared with boys: 0.37 [95% confidence
interval (CI): 0.15-0.917, t(1.19): 16.61 [95% CI:
2.10-131.2], positive testis test: 10.34 [95% CI:
4.44-24.05], children with CNS involvement:
2.95 [95% CI: 1.36-6.40], testicular swelling in
children: 11.54 [95% CI: 4.21-31.59], children
with hepatosplenomegaly larger than 2 cm: 0.30
[95% CI: 0.10-0.88], high risk of disease
compared with low risk: 4.76 [95%CI: 1.12-
20.22], children with complete remission in 28
day compared with no complete remission: 0.10
[95%CI: 0.04-0.25].

In the multivariate HR for DFS, only
hemoglobin, sex, risk of disease, hepatosplenome-
galia >2 cm and testis remained in which only
hemoglobin was significantly associated with
DFS. The HR of NRM among children with a
family history of disease was 0.23 (95%CI: 0.05-
0.97). There was a statistically significant
difference in the likelihood of NRM for children
with complete remission in 28™ day compared
with no complete remission (HR: 0.10, 95%CI:
0.05-0.23). Only family history, radiotherapy,
weakness, loss of appetite, and response to
treatment remained in the multivariate NRM and
only radiotherapy was substantially linked with
NRM in children (HR: 0.23, 95 percent CI: 0.08-
0.60). According to Kaplan-Meier curves, there
was a substantial difference between the three
groups in terms of survival free of NRM (Figure
1). The group without a full remission had the

lowest free of NRM survival as a result.

Discussion

In summary, our results out of 176 children
with ALL showed that the HR of DFS for the
effective variables was 0.37 for gender variable
(girls vs. boys); 10.34 for positive testis test, 2.95
for children with CNS involvement], 11.54 for
testicular swelling in children, 0.30 for children
with hepatosplenomegaly larger than 2 cm, 4.76
for high risk of disease compared with low risk
and 0.10 for children with complete remission in
28 day compared with no complete remission.
Moreover, in the multivariate HR for DFS, only
hemoglobin, sex, risk of disease, hepatosplenome-
galia >2 cm and testis remained in which only
hemoglobin was significantly associated with
DFS. Children with a family history of the illness
had a 0.23 HR of NRM. With an HR of 0.10,
there was a statistically significant difference
between children who had full remission in their
28 day and those who had none. Only family
history, radiation, weakness, lack of appetite, and
response to treatment were left in the multivariate
HR for NRM, and only radiotherapy-received
children were substantially linked with NRM.
There was a significant difference between the
three groups regarding free of NRM survival.
Moreover, the group with no complete remission
had the lowest free of NRM survival.

Leukemia is the most common malignancy of
childhood that causes bone marrow failure with
clonal proliferation of cells and it is divided into
acute and chronic types.?! The one-year survival
rate in children is lower than adults, but the
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survival rate of 2 to 3 years in children is higher
than adults.?2-25 One of the reasons for the higher
survival rate of ALL than other types of leukemia
is that ALL occurs more in higher socioeconomic
classes and in children and young adults.?® Thus,
Bhatia et al. stated in their study that the outcome
of ALL leukemia in adults was worse than the
outcome of ALL leukemia in children.?’

This type of leukemia has a greater survival
rate in children than in adults, which may be a
result of the disease's molecular and clinical
features as well as the better response to therapy
in children than in adults.?” Data from 310
individuals with leukemia in children and adults
in the Kurdistan Province were retrieved from
their medical records for a retrospective analysis
by Moradi et al. 201 adults with a mean age of
50.8 years and 109 children with a mean age of
5.2 years were studied. The prevalence of AML
type leukemia was higher in adults (30.8%) but
the frequency of ALL cases was higher in children
(86.2%). Survival rates of 1 and 5 years in adults
were 94.4% and 49.5%, respectively, and survival
rates of 1 and 5 years in children were 92.6%
and 83%, respectively. HR in adults according
to the type of thalassemia with ALL (HR =5.18,
95% CI: 2.60-13) and in the people with AML
type (HR = 4.11, 95% CI: 1.55-10.4) were
different.?8

In a study by Zareifar et al., the cumulative 5-
year survival rate of leukemia was 53.3 %. Cox
regression model showed that there is a significant
relationship among the platelet variables and the
number of relapses with cancer survival. The
platelet count and frequency of disease recurrence
were identified as effective factors in the patient
survival, so considering these factors can help
further survival of these patients.?® Less than
10,000 WBCs often had a better prognosis,
according to studies of various organizations,
which typically demonstrate the importance of
WBC in the survival rate of patients with
leukemia, particularly ALL.?% 3% We found that a
number of variables, including testicular edema,
radiation, gender, family history, t (1, 19), response
to treatment, fever and coughing, diarrhea,
weakness, and lack of appetite, were significantly

Prognostic Factors in Leukemia Survival

associated with mortality before the first
recurrence in children. Then, death or survival
can be affected by the above-mentioned factors.
The risk of death without recurrence in girls was
2.94 times higher than boys and children with a
family history of the disease had a good prognosis
for NRM. Another finding of our study was the
preventive effect of radiotherapy in which children
who received radiotherapy had a 77% lower risk
of NRM than children who did not. In order to
identify the risk factors for all causes of mortality
for patients with leukemia, it is crucial to employ
robust statistical methods to uncover probable
relationships. One example of this is the use of
competing risk models.3!-32

Cumulative incidence function as an advanced
research was used for competitive risk data in
our study. Considering the strength point of
analysis used, we had just a total of 176 children
with ALL in which are small and it is beneficial
to have larger sample size to run statistical
modeling.

Conclusion

Female gender, having family history, and not
having radiotherapy were main factors to develop
death before the first recurrence in children. In
total, the risk of death without recurrence in girls
was 2.94 times higher than boys and children
who received radiotherapy had a 77% lower risk
of NRM than children who did not.
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