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Introduction

Leukemia is a malignancy of blood cells
originating from the bone marrow that is characterized
by the proliferation of white blood cells, manifested
by the presence of young cells in the peripheral
blood. This malignancy is the most common type
in children. Acute childhood
accounts for 30-40% of malignancies. The average
incidence is 4-4.5 cases per year per 100,000 children
under 15 years of age. The composition of acute
leukemia in developing countries consists of 83%
acute lymphoblastic leukemia (ALL) and 17% acute
myeloblastic leukemia. The peak incidence at the age
of 2-5 years, specifically for white children with ALL,
is due to a large number of cases of pre-B-ALL in this

of cancer

age range [1].

Interleukin-6 (IL-6) is a pleiotropic inflammatory
cytokine. It was previously discovered as a B-cell growth
factor and is produced by various cell types, including
T-cells, macrophages, and stromal cells, in response
to tumor necrosis factor-alpha and interleukin-1 [2].
IL-6 also has a role in malignancy, it is progression
and severity. Several previous studies have shown

Abstract

BACKGROUND: Acute lymphoblastic leukemia (ALL) is a malignancy originating from the clonal expansion of
lymphoid progenitors that have undergone neoplastic transformation at various stages of differentiation. Interleukin-6
(IL-6) is a pleiotropic inflammatory cytokine produced by various cell types, including T-cells, macrophages, and
stromal cells in response to tumor necrosis factor-alpha and interleukin-1.

AIM: This study aims to evaluate serum levels of IL-6 before chemotherapy in standard-risk (SR) and high-risk (HR)
ALL patients.

METHODS: The research method was a cross-sectional study conducted on ALL patients who were treated at
Dr. Wahidin Sudirohusodo hospital from April 2021 to June 2021. A total of 60 ALL patients were included in the study.
Serum IL-6 specimens were examined before the patient received chemotherapy.

RESULTS: The results showed that from 60 samples of ALL patients, 30 were SR and 30 were HR. Elevated levels of
IL-6 before chemotherapy were found in both SR and HR ALL but were significantly higher in the HR group compared
to the SR group with p value = 0.022. The cutoff point of 64.23 ng/mL for HRALL patients was obtained through ROC
with a sensitivity of 63.3%, specificity of 63.3%, a positive predictive value of 63.3%, and a negative predictive value
of 63.3%. Adjusted odds ratio are 2,983 with 95% confidence interval of 1.044-8.527.

CONCLUSION: IL-6 levels among HR ALL were higher than SR. Elevated levels of IL-6 were found in both SR and
HRALL.

that leukemia blast cells produce various cytokines,
one of which is IL-6. IL-6 is a cytokine that has an
important role in maintaining cancer stem cells in the
microenvironment of leukemia cells. These various
mechanisms are the basis of IL-6 influence on the
severity of ALL [3], [4], [5].

In a previous study, it was found that IL-6
activity was significantly increased in patients with ALL.
The study showed that IL-6 supports the proliferation
of leukemic cells, thus supporting the notion that high
levels of IL-6 in patients with acute leukemia are related
to the pathogenesis of the disease. Several studies
have also shown that IL-6 levels are associated with
survival rates, and low levels of IL-6 indicate a better
prognosis in patients. Several studies have shown that
elevated levels of IL-6 in hematological malignancies
are associated with a poorer prognosis. Therefore, this
cytokine can be considered as a prognostic factor in ALL
and as a therapeutic target. Based on this, this research
needs to be carried out so that in clinical applications, it
can later be used as a prognostic indicator to distinguish
the severity of disease in standard-risk (SR) and high-
risk (HR) ALL [2]. This study aimed to evaluate serum
levels of IL-6 before chemotherapy in pediatric patients
with SR and HR ALL.

leukemia
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Methods

Design and variables

This research is an observational study
with a cross-sectional approach that was conducted
from April 2021 to July 2021 at Dr. RSUP, Wabhidin
Sudirohusodo Makassar. The sample in this study
consisted of 60 patients, consisting of 30 SR ALL
patients and 30 HR ALL patients, who had not
undergone chemotherapy aged 1 month to 18 years.
HR ALL was specified by age over 10 years,
hyperleukosis, mediastinal mass, Philadelphia
chromosome, T- or B-cells without CD-10, and central
nervous system infection. In addition to these criteria,
it is classified as SR ALL. The exclusion criteria were
all patients who suffered from other malignancies, had
severe liver disorders, had undergone major surgical
procedures, suffered from burn trauma, or were
obese. The research sample testing was carried out at
the research laboratory unit of Hasanuddin University
Hospital using the enzyme-linked immunosorbent
assay (ELISA) method.

Ethical clearance

This study was declared to meet the ethical
requirements by the Ethics Committee for Biomedical
Research in Humans, Faculty of Medicine, Hasanuddin
University.

Method of collecting data

The sample, in the form of venous blood from
the patient, was centrifuged to collect the serum. Then,
they are placed in a tube without anticoagulant and
stored at a stable temperature of 2-8°C for 2 days or
at a temperature of —20°C until the desired number of
samples is reached. The kit uses the ELISA sandwich
technique, where the plate has been coated with an IL-6
antibody. IL-6 in the sample will bind to the antibody in
the well.

Data analysis

Data analysis was performed using the
Statistical Package for the Social Sciences (SPSS)
version 26.0. The Chi-square test was used to test
relationships between categorical variables. An
independent t-test or Mann-Whitney U-test was
performed to compare mean values between the
two groups. A normality test was performed using
Kolmogoro—Smirnov. Fisher Exact test was performed
to calculate the prevalence odds ratio with 95% CIl and
to determine the probability of HR ALL based on IL-6
levels. p-value of <0.05 was considered statistically
significant.

Results

During the study period, there were 62 patients
aged 1 month to before the age of 18 years who were
diagnosed with L1 ALL (SR and HR). Of the 62 patients
diagnosed with ALL, 60 patients met the inclusion
criteria, consisting of 30 SR ALL patients and 30 HR ALL
patients. There were two patients who were excluded
due to obesity.

The characteristics of the research sample
from 60 samples that participated in this study are
shown in Table 1. Based on gender, patients with L1
ALL were 45 men (75%) and 15 women (25%). Based
on age, there were no patients under 1 year of age, 46
people (76.7%) aged 1-10 years old, and 14 people
over 10 years old (23.3%). Based on nutritional status,
patients with L1 ALL who had good nutritional status
were 31 (51.7%), undernourished 12 people (20%), and
poor nutrition was 17 people (28.3%). Moreover, based
on the initial leukocyte count, patients with ALL L1
with an initial leukocyte count <50,000 were 47 people
(78.3%) and 50,000 were 13 people (21.7%) Table 1.

Table 1: Characteristic of the study subjects

Characteristics Acute lymphoblastic leukemia

n =60 (%)

Sex

Male 45 (75.0)

Female 15 (25.0)
Age (Year)

1-10 46 (76.7)

>10 14 (23.3)
Nutritional status

Severely wasted 17 (28.3)

Wasted 12 (20.0)

Normal 31(51.7)
Initial leucocytes count (/ul)

< 50000 47 (78.3)

> 50000 13 (21.7)

A comparison of IL-6 levels in SR and HR ALL
patients showed that the median IL-6 level of SR ALL
patients was 60.09 ng/L and the HR was 88.4 ng/L.
The results of the Mann—Whitney U-test showed a
significant difference between the IL-6 levels of SR
and HR lymphoblastic leukemia, with p value = 0.022
(p < 0.05), as shown in Table 2.

Table 2: Comparison of interleukin-6 levels in standard-risk and
high-risk acute lymphoblastic leukemia

IL-6 levels (ng/L) Acute lymphoblastic leukemia

High-risk (n = 30) Standard-risk (n = 30)
Median 88.42 60.09
Minimum — maximum 19.27-551.48 19.17-206.10

Uji Mann-Whitney U-test, p value = 0,022 (p < 0.05).

Based on the values of sensitivity and
specificity, the most optimal cutoff point for age is in
Data No. 31, which has a sensitivity of 63.3% and a
specificity of 63.3% with an area under curve of 0.672
so that the interleukin level-6 of 64.23 ng/ml was chosen
as the cutoff value for interleukin level-6 between the
SR and HR ALL groups, as shown in Figure 1.

The sensitivity value is 63.3%, the specificity
is 63.3%, the positive predictive value is 63.3%, the
negative predictive value is 63.3%, and the odds ratio
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Figure 1: Interleukin-6 cutoff point between standard-risk

lymphoblastic leukemia group and high-risk

(OR) is 2,983 with a 95% confidence interval (ClI)
(1.044-8.527). The IL-6 level of 64.23 ng/mL statistically
had a significant relationship with the severity of ALL
(p < 0.05), as shown in Table 3.

Table 3: Relationship of IL-6 levels with severity of acute
lymphoblastic leukemia using cut off point 64.23 ng/mL

IL-6 (ng/mL) Acute lymphoblastic leukemia Total
High-risk Standard-risk

>64.23 19 (63.3%) 11 (36.7%) 30 (50%)

<64.23 11 (36.7%) 19 (63.3%) 30 (50%)

Total 30 (100%) 30 (100%) 60 (100%)

*Chi Square test X* df = 1
OR 2.983 IK95% (1.044-8.527)

p=10.039, p <0.05

Discussion

This study found 76.7% ofthe sample population
aged 1-10 years and 23.3% aged >10 years. This is
a study conducted in the United States that examined
the characteristics of childhood acute leukemia for
two decades from 1992 to 2013, which found that the
peak incidence of ALL ranged from 2 to 3 years of age
for all racial/ethnic groups and then decreased when
aged over 8 years [6]. The epidemiological study of
leukemia conducted by Miranda-Filho in 2018 in 184
countries found the peak incidence of acute leukemia
in children aged 0—4 years [7]. The peak incidence was
in the age range of 1—4 years in the studies conducted
by Woo et al. in 2014 and O’Brien et al. in 2015. They
were associated with high hyperploidy (chromosomes
51-65), which is one of the cytogenetic abnormalities
in B-cell leukemia that was most detected at that age.
However, although this hyperploidy is associated with a
peak incidence of leukemia, it is also associated with a
better prognosis [8], [9].

In this study, the number of samples that
were male was 45 (75%) and female was 15 (25%).
This is by following the study by Kakaje et al., who
found that the incidence of ALL was higher in boys
compared to girls with p value = 0.0019 [10]. Likewise,
research conducted by O’Brien et al. showed that
the incidence of ALL was higher in boys and is often
associated with T-cell ALL [9]. Several previous studies

have been conducted to find out why the male sex is
more susceptible to malignancy in children and this
is associated with sex hormones, genetic differences,
differences in susceptibility to environmental exposures
(infections, radiation, etc.), epigenetics, and in recent
studies, many have investigated microchimerism
(a condition in which there is one cell with genetic
characteristics other than the majority of body cells
in an individual), which is more common in boys, and
autophagy (the ability to regenerate at the cellular level
inthe body), which is lower in the male sex. Susceptibility
to malignancy in boys is also associated with the lower
immune surveillance in boys. In general, girls have
better non-specific and adaptive immune responses
than boys. The influence of sex hormones also plays
a role. Estrogen has been studied to increase immune
response, decrease IL-6 production, and increase
activation of antigen presenting cells, while androgens
can cause a decreased immune response, decreased
antibody production, and increased production of
IL-6 and interleukin 10, which are also related to the
mechanism of carcinogenesis in leukemia [11].

Research conducted by Medina-Sanson et al.
(2015), there is a linear relationship between baseline
leukocyte levels and the outcome in children with ALL.
The threshold for prognostication is 50,000/ul and
patients with an initial leukocyte count above 50,000/ul
have a poorer prognosis. The £(9;22)(q34;911.2)/BCR-
ABL1 translocation, known as the Philadelphia
chromosome, occurs in 1-3% of ALL children with older
age and high baseline leukocyte levels. This translocation
leads to the production of chimeric proteins with tyrosine
kinase activity that causes activation of various cell-
signaling pathways that contribute to the conversion of
hematopoietic cells to mixed-lineage leukemia [12].

In this study, the median serum IL-6 level in
SR L1 ALL patients was 60.09 ng/L, and the median
serum IL-6 level in HR L1 ALL patients was 88.42 ng/L.
Statistical analysis showed that there was a significant
difference between serum levels of IL-6 in SR and HR
ALL with p value = 0.022 (p < 0.05). This is in line with
the study conducted by Pérez-Figueroa et al, namely,
an increase in IL-6 levels in pediatric patients with ALL
compared to the control group (non-oncological patients).
In this study, the levels of IL-6 in the control population
were 3.20 pg/ml (range 0.00-87.85 pg/ml) and 8.79 in
the ALL population (range 0.00-615 pg/ml). However, to
the researchers’ knowledge, there have been no studies
comparing IL-6 levels between SR and HR groups [4].

In determining the cutoff point, IL-6 levels for
the incidence of HR ALL, namely, 64.23 ng/ml, had
a sensitivity of 63.3%, specificity of 63.3%, positive
predictive value of 63.3%, and negative predictive
value of 63.3% with an area under curve of 0.672
and an adjusted OR (AOR) of 2.983 with a 95% CI of
1.044-8.527. This shows that if children have IL-6 levels
of 64.23 ng/ml ng/mL, they have a HR of developing
ALL of 2983 with an accuracy value of 63.3%. This study
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also obtained a positive predictive value of 63.3%, which
means that in children with HR lymphoblastic leukemia,
the possibility of IL-6 levels of 64.23 ng/mL is 63.3%.
While the negative predictive value is 63.3%, which
means that in children with lymphoblastic leukemia, the
SR is that the IL-6 level may be <64.23 ng/mL by 63.3%.

The results of this study also found an increase
in IL-6 levels, which were quite high in both the HR and
SR groups, proving the role of IL-6 in the pathogenesis of
ALL as in the study by Luo et al., Zhao et al., and Farsani
et al. [13], [14], [2] Therefore, it is necessary to consider
the administration of anti-IL-6 as in the study [15]. In
addition, the increase in IL-6 levels in both groups was also
caused by an infection in both groups, as in the research
conducted by Xu XJ [16]. This is also in accordance with a
study conducted by Pérez-Figueroa et al. in 2016, which
saw an increase in IL-6 levels in patients with ALL. The
patients studied often presented with fever associated
with sepsis and elicited an inflammatory response that
led to elevated levels of IL-6 [4].

This study also found that in the SR group, the
mean IL-6 level was 60.09, with a range value of 19.17—
206.10 ng/L. The high level of increase in the SR group
can be caused by several factors, such as the occurrence
of infection or sepsis in the sampled patients. Research
conducted by Ramanathan et al. in 2020 on IL-6 showed
that IL-6 levels were affected by infection and could also
be influenced by physical activity, changes in circadian
rhythm, pharmacotherapy, and immunometabolic
comorbidities such as obesity. In this study, the obesity
factor was excluded from the sample [17].

The following is the study’s strengths: (1) It was
conducted at Wahidin Sudirohusodo hospital, which is
the largest referral hospital in Eastern Indonesia. This
means that patients with ALL treated at the Wahidin
Sudirohusodo hospital come from most of eastern
Indonesia, so it can be used as a reference to get a
picture of IL-6 levels in patients with ALL in eastern
Indonesia. (2) Patients who were sampled in this study
were newly diagnosed patients and had not received
chemotherapy, so they were able to provide an overview
of IL-6 levels in accordance with the progression of
cancer cells. The disadvantages of this study are that
it is still not possible to rule out factors that can affect
the results (confounding factors), namely, the presence
of sepsis or infection, because most leukemia patients
are susceptible to infection. Another limitation is that it
has not been able to provide specific data on factors
from the diagnostic criteria for HR groups that have the
greatest role in increasing IL-6 levels.

Conclusion

The investigators concluded that IL-6 levels
were elevated in both HR ALL and SR ALL. IL-6 levels

among HR ALL were higher than in SR ALL. At the
cutoff point, IL-6 levels of 64.23 ng/ml were associated
with the incidence of HR ALL with a sensitivity value of
63.3%, specificity of 63.3%, and an AOR of 2983 times,
which means that IL-6 levels of 64.23 have a risk of
2,983 times the occurrence of HR ALL with a 95% CI
of 1,044-8,527. Researchers suggest that in children
with SR and HR ALL, IL-6 levels should be considered.
The examination of IL-6 levels in children with ALL was
important to determinate risk stratification and disease
progression. It is necessary to do further research using
a prospective cohort design using the sample of this
study to see levels of IL-6 after chemotherapy.

References

1. Sudarmanto B, Abdulsalam M. Kegawatdaruratan onkologi
anak. In: Buku Ajar Hematol Onkol Anak. Jakarta: Badan
Penerbit Ikatan Dokter Anak Indonesia; 2018. p. 377-80.

2. Farsani MA, Kamel M, Mehrpouri M, Heris RS, Hamidpour M,
Salari S, et al. The expression of interferon gamma (IFN-y)
and interleukin 6 (IL6) in patients with acute lymphoblastic
leukemia (ALL). Pathol Oncol Res. 2020;26(1):461-6. https://
doi.org/10.1007/s12253-018-0536-z

PMid:30443842

3. Pérez-Figueroa E, Sanchez-Cuaxospa M, Martinez-Soto KA,
Sanchez-Zauco N, Medina-Sanson A, Jiménez-Hernandez E,
et al. Strong inflammatory response and Th1-polarization
profile in children with acute lymphoblastic leukemia without
apparent infection. Oncol Rep. 2016;35(5):2699-706. https://
doi.org/10.3892/0r.2016.4657

PMid:26985678

4. Hernandez C, Huebener P, Schwabe RF. Damage-associated
molecular patterns in cancer: Adouble-edged sword. Oncogene.
2016;35(46):5931-41. https://doi.org/10.1038/onc.2016.104

PMid:27086930

5. Burger R. Impact of Interleukin-6 in hematological malignancies.
Transfus Med Hemother. 2013;40(5):336-43. https://doi.
org/10.1159/000354 194

PMid:24273487

6. Barrington-Trimis JL, Cockburn M, Metayer C, Gauderman WJ,
Wiemels J, McKean-Cowdin R. Trends in childhood leukemia
incidence over two decades from 1992 to 2013. Int J Cancer.
2017;140(5):1000-8.

7. Miranda-Filho A, Piferos M, Ferlay J, Soerjomataram |,
Monnereau A, Bray F. Epidemiological patterns of
leukaemia in 184 countries: A population-based study.
Lancet Haematol. 2018;5(1):e14-24. https://doi.org/10.1016/
S$2352-3026(17)30232-6

PMid:29304322

8. WooJS,Alberti MO, Tirado CA. Childhood B-acute lymphoblastic
leukemia: A genetic update. Exp Hematol Oncol. 2014;3(1):16.
https://doi.org/10.1186/2162-3619-3-16
PMid:24949228

9. O’Brien MM, Seif AE, Hunger SP. Acute lymphoblastic leukemia

in children. In: Wintrobe’s C linical Hematology. 14" ed.
Netherlands: Wolters Kluwer; 2018. p. 4939-5015.

10. Kakaje A, Alhalabi MM, Ghareeb A, Karam B, Mansour B,
Zahra B, et al. Rates and trends of childhood acute lymphoblastic
leukaemia: An epidemiology study. Sci Rep. 2020;10(1):6756.

Open Access Maced J Med Sci. 2022 Jul 10; 10(B):2586-2590.

2589



B - Clinical Sciences

Hematology

1.

12.

13.

14.

https://doi.org/10.1038/s41598-020-63528-0
PMid:32317670

Dorak MT, Karpuzoglu E. Gender differences in cancer
susceptibility: An inadequately addressed issue. Front Genet.
2012;3:268. https://doi.org/10.3389/fgene.2012.00268

PMid:23226157

Medina-Sanson A, Ramirez-Pacheco A, Moreno-Guerrero SS,
Dorantes-Acosta EM, Sanchez-Preza M, Reyes-Lépez A. Role
of genetic polymorphisms of deoxycytidine kinase and cytidine
deaminase to predict risk of death in children with acute myeloid
leukemia. Biomed Res Int. 2015;2015:309491. https://doi.
org/10.1155/2015/309491

PMid:26090398

Luo YP, Huang ZG, Qian HJ. Tumor necrosis factor and
interleukin 6 in acute leukemia. Zhonghua Nei Ke Za Zhi.
1993;32(2):85-7.

PMid:8404330

Zhao H, Zhou H, Cao Q, Wang C, Bai J, Lv P, et al. Effect of
allogeneic blood transfusion on levels of il-6 and sIL-R2 in
peripheral blood of children with acute lymphocytic leukemia. Oncol

15.

16.

17.

Lett. 2018;16(1):849-52. https://doi.org/10.3892/01.2018.8760
PMid:29963154

Frey NV, Porter DL. Cytokine release syndrome with novel
therapeutics for acute lymphoblastic leukemia. Hematology Am
Soc Hematol Educ Program. 2016;2016(1):567-72. https://doi.
org/10.1182/asheducation-2016.1.567

PMid:27913530

Xu XJ, LuoZB, XiaT, Song H, Yang SL, Xu WQ, et al. Comparison
of interleukin-6, interleukin-10, procalcitonin and C-reactive
protein in identifying high-risk febrile illness in pediatric
cancer patients: A prospective observational study. Cytokine.
2019;116:1-6. https://doi.org/10.1016/j.cyto.2019.01.004

PMid:30684912

Ramanathan K, Antognini D, Combes A, Paden M, Zakhary B,
Ogino M, et al. Since January 2020 Elsevier has Created a
COVID-19 Resource Centre with Free Information in English
and Mandarin on the Novel Coronavirus COVID-Research that
is Available on the COVID-19 Resource Centre-Including this
for Unrestricted Research Reuse. Netherlands: Elsevier; 2020.
p. 19-21.

2590

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

