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Objective. The present study aimed at investigating the efficacy and safety of intravenous administration of cytarabine sup-
plemented with idarubicin in treating acute myeloid leukemia (AML) patients undergoing first attack and its effects on serum
levels of cell adhesion molecules, cytokines in response to inflammation, and T cell subset populations in acute myeloid leukemia
(AML) patients undergoing first attack. Methods. A total of 88 AML patients eligible for inclusion and exclusion criteria
participated in the study and were randomly assigned into the control group (n =44) in which the patients received intravenous
administration of cytarabine and daunorubicin and the study group (n=44) in which the patients received intravenous ad-
ministration of cytarabine and idarubicin. Clinical response, incidence of adverse reactions, and quality of life 3 months after
therapy were evaluated. Soluble intercellular adhesion molecule-1 (SICAM-1), soluble vascular cell adhesion molecule-1
(sVCAM-1), IL-10, and IL-35 were measured by ELISA methods. Phenotypic characteristics of T cell subsets including CD4",
CD8", CD4"IL-10 Tregs, and CD4"CD25"CD127 Foxp3" Tregs were analyzed by flow cytometry. Results. The clinical response
rate of the study group was better than that of the control group (65.91% vs. 45.45%) (P < 0.05). After treatment, the study group
revealed significantly lower levels of SICAM-1, sVCAM-1, IL-10, and IL-35, a lower proportion of Tregs, a higher rate of CD4"/
CD8" T cells, along with increased scores of the Karnofsky Performance Scale (KPS) compared with the control group (P < 0.05).
The incidence rate of adverse reactions in the study group was lower than that in the control group (34.09% vs. 61.36%) (P < 0.05).
Conclusion. These findings demonstrate that intravenous administration of cytarabine supplemented with idarubicin can improve
the immune function and quality of life of AML patients, and this combination drug therapy is effective and safe for AML.

1. Introduction

Acute leukemia is classified into acute myeloid leukemia
(AML) and acute lymphocytic leukemia according to the
presence of different damaged cells [1]. AML is a malignant
clonal disease characterized by changes in normal hema-
topoietic cells, leading to the proliferation of immature
progenitor cells and inhibition of cell differentiation. Im-
mature progenitor cells spread through blood to various
parts of the body [2]. AML is commonly seen in adults,

especially for these diagnosed at a median age of 68 years,
accounting for up to 80% of acute leukemia [3]. AML in-
cidence is positively correlated with age. It was reported
about 1.3 cases out of 100 thousand people had the disease
and the age was below 65 years old, and 12.2 cases, who aged
over 65 years, out of 100 thousand people were subject to the
disease [4]. Although the progress of AML treatment is
beneficial to significant improvement in the prognosis of
young patients, AML is associated with variable prognosis
and high mortality. The 5-year overall survival was 40-50%
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in younger adults with new diagnosed AML [5]. The
prognosis of the elderly, who account for the majority of new
cases, is still very poor. 20% of elderly patients died of the
disease after 2 years of diagnosis [6], and up to 70% of
patients aged 65 or over cannot survive within 1 year after
diagnosis [7].

The prognosis of AML is closely related to cytogenetic
results and molecular abnormalities at the time of diagnosis.
These two factors can predict the complete remission rate,
disease-free survival, recurrence risk, and overall survival
[8, 9]. Myeloperoxidase activity in fibroblasts found by
immunophenotypic and cytochemical analyses or analysis of
immunophenotypic surface molecules has been proved to be
a specific diagnosis of AML [2]. AML is considered to be a
malignant disease with immune dysfunction. The basic role
of immune microenvironment in the prognosis of leukemia
has been confirmed in many studies [10, 11]. T cells are
derived from bone marrow pluripotent stem cells, and the
key role of T cells has been recognized in antigen-specific
recognition and elimination of malignant cells [12]. Acti-
vation of the immune response of cytotoxic T cells is very
important for the treatment of viral diseases and tumors
[13]. The presence of chronic infection, tumor, and cancer is
associated with immune dysfunction. CD3*, CD4", and
CD8" T cells are involved in immune response and con-
firmed as effective biomarkers in viral infectious diseases and
inflammatory disorders [14, 15]. Regulatory T cells, termed
as Tregs, represent a subpopulation of CD4" T cells and can
inhibit the immune response, which have three classifica-
tions according to the cytokines they secrete, including
naturally occurring CD4"CD25"Foxp3™ Tregs, interleukin
10 (IL-10)-producing Tregs, and transforming growth fac-
tor-f3 (TGF-p)-producing Tregs [16]. IL-35, a member of the
IL-12 family, is secreted by Treg cells and contributes to the
immunosuppressive activity of Tregs, rather than acting in
an immunostimulatory or proinflammatory manner [17].
Vascular cell adhesion molecule-1 (VCAM-1) is also known
as CD106, and intercellular adhesion molecule-1 (ICAM-1)
is also known as CD54, are transmembrane glycoprotein.
They are induced by a variety of cytokines, such as tumor
necrosis factor & (TNF-a), IL-1, and interferon p, and
usually expressed in endothelial cells and immune cells [18].
At present, chemotherapy regimens of cytarabine with
daunorubicin or idarubicin are the standard treatment for
AML patients [19]. The purpose of this study is to investigate
the changes in serum concentrations of soluble VCAM-1
(sVCAM-1), soluble ICAM-1 (sICAM-1), IL-10, and IL-35
along with T cell subsets including CD4", CD8", CD4"IL-10
Tregs, and CD4"CD25"CD127 Foxp3" Tregs in the newly
diagnosed AML patients receiving intravenous adminis-
tration of cytarabine and idarubicin.

2. Materials and Methods

2.1. Study Participants. From June 2019 to August 2020, 88
patients with acute myeloid leukemia (AML) were enrolled
in this study. The patients were known to have AML from
the diagnostic result of NCCN AML Guidelines [20] and
received no treatments after the first attack. All of these
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patients aged 20-78 years and were confirmed to have no
cognitive impairment. Unqualified patients referred to those
with incomplete clinical data, less than 3 months of esti-
mated survival time, hypersensitivity, poor treatment
compliance, and who were accompanied by other clinical
trials, complicated by systemic infection, organ dysfunction
or malignant tumor, and subject to other hematologic
disorders. The 88 patients were randomly divided into two
groups. The control group (n = 44) included 19 males and 25
females (age range, 20-78 years; average age, 46.43 +4.81
years). The study group (n=44) included 18 males and 26
females (age range, 20-77 years, average age, 45.52 +4.83
years). According to the guideline of morphology, immu-
nology, cytogenetics, and molecular biology (MICM) clas-
sification [21], 5 cases of M1, 12 cases of M2, 8 cases of M3, 9
cases of M4, 7 cases of M5, and 2 cases of M6 were found in
the control group. The study group consisted of 4 cases of
M1, 13 cases of M2, 8 cases of M3, 9 cases of M4, 8 cases of
M35, and 2 cases of M6. No significant difference in these data
was indicated between the two groups (P >0.05). The
Medical Ethics Committee of Jiamusi University approved
this prospective study, and a written informed consent was
obtained from all participants.

2.2. Treatment Protocols. Symptomatic treatments such as
myocardial nutrition, liver protection, and stomach pro-
tection were carried out to all participants after admission.
The control group received intravenous administration
therapy involving cytarabine with dosage 150 mg/(m? * d)
and 1-2 times/d (drug approval number: H20084072, Cisen
Pharmaceutical Co., Ltd., China) and a mixture of dauno-
blastina (40 mg/ (m? * d) and 10 ml of 0.9% sodium chloride
injection (drug approval number: H44024361, Shenzhen
Main Luck Pharmaceuticals Inc., China) for successive or
alternate administration once a day. The study group was
treated with cytarabine which was exactly same as the
control group, followed by intravenous injection of idar-
ubicin (drug approval number: H20063284, Yatai Pharma,
China) with 10 mg/(m” % d) for 3 successive days. Taking 7
days as a course of treatment, both groups were followed up
for 3 months after treatment.

2.3. Outcome Measures. At 7 days of treatment, the clinical
response of all patients was assessed with following criteria:
(a) complete remission: normal chromosome, complete
remission of morphological and molecular levels, but in-
complete recovery of blood cell count; (b) partial remission:
less than 5% of immature cell in bone marrow, 50% decline
of immature cell in the bone marrow compared with that
before treatment; (c) stable disease: absence of improve-
ment or aggravation; (d) exacerbation: progressive exac-
erbation, even causing death. Total response
rate = complete remission rate + partial remission rate. The
incidence of adverse reactions, such as nausea and vom-
iting, bleeding, hair loss, infection (upper respiratory tract,
urinary system, skin, and lung infection), was compared
between the two groups.
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24. Enzyme-Linked Immunosorbent Assay (ELISA).
Before and after 7-day treatment, 5ml of fasting venous
blood was collected from each patient. The blood sample was
placed steadily for 2h prior to centrifugation (10 cm cen-
trifugal radius, 3000 rpm for 15min). The serum levels of
SICAM-1, sVCAM-1, IL-10, and IL-35 were tested by ELISA
methods using commercial available kits (all purchased from
R&D systems, USA).

2.5. Flow Cytometric Analysis of T Cell Subsets. The whole
heparinized blood (200 ul) was added to the tubes and then
centrifuged at 1300 rpm for 8 min, with the supernatant
aspirated. The precipitates were added with 1.5 ml PBS and
centrifuged at 1300 rpm for 8 min again, with the super-
natant aspirated. The precipitates were added with 500 ul of
1:10 diluted BD permeabilizing II solution and 1.5 ml PBS
and subsequently centrifuged at 1300 rpm for 8 min again,
with the supernatant removed. Phenotypic characteristics of
T cell subsets were analyzed by the FACSCanto II triple-laser
flow cytometer (BD Biosciences, USA) using fluorochrome-
labeled monoclonal antibody against CD4 (Cat. no. 562970,
BD Biosciences), CD3 (Cat. no. 563423, BD Biosciences),
CD8 (Cat. no 564492, BD Biosciences), IL-10 (Cat. no.
564053), CD25 (Cat. no. 555434, BD Biosciences), CD127
(Cat. no. 560549, BD Biosciences), and Foxp3 (Cat. no.
566526, BD Biosciences).

2.6. Karnofsky Performance Scale (KPS). The KPS is a
widespread performance scoring system that is used to assess
the well-being and functional status of people with illness on
a scale ranging from 0 to 100 with intervals of 10. A score of 0
indicates death and a score of 100 indicates normal function
with no disease sequel. Before treatment and at 3 months
after treatment, AML patients were followed up and re-
quired to fill KPS scale for evaluation of their quality of life.

2.7. Statistical Analysis. Measurement data normally dis-
tributed are described as mean + standard deviation and
analyzed by the t-test, and counting data were represented by
ratio and analyzed by the chi-square test in GraphPad prism
software (Version 8.0). A value of P less than 0.05 reflects a
statistically significant difference.

3. Results

3.1. Intravenous Administration of Cytarabine and Idarubicin
Improved Clinical Response Rate in AML Patients. After 7-
day treatment, the clinical response of all patients was
evaluated. It was found that the study group showed higher
total response rate compared to the control group. As given
in Table 1, the rate in the study group and control group was
65.91% and 45.45%, respectively (P < 0.05).

3.2. Intravenous Administration of Cytarabine and Idarubicin
Declined Levels of sSICAM-1, sVCAM-1, IL-10, and IL-35 in
AML Patients. The levels of SsSCAM-1, sVCAM-1, IL-10, and
IL-35 were measured by ELISA of serum samples. The results

revealed that serum levels of SICAM-1, sVCAM-1, IL-10,
and IL-35 were declined significantly in AML patients fol-
lowing intravenous administration of cytarabine supple-
mented with either idarubicin or daunorubicin (P < 0.05),
and this decrease was more evident in AML patients fol-
lowing intravenous administration of cytarabine supple-
mented with idarubicin (P < 0.05, Figure 1).

3.3. Intravenous Administration of Cytarabine and Idarubicin
Improved Immune Function of AML Patients. The propor-
tions of T cell subsets including CD4", CD8", CD4"IL-10
Tregs, and CD4"CD25"CD127 Foxp3™ Tregs were analyzed
by flow cytometry. It was observed that, after treatment,
increased proportions of CD3" T cells, CD4" T cells, and
CD4"/CD8" ratio along with decreased proportions of CD8"
T cells, CD47IL-10 Tregs, and CD4"CD25"CD127 Foxp3"
Tregs were revealed in peripheral blood in AML patients
following intravenous administration of cytarabine sup-
plemented with either idarubicin or daunorubicin (P < 0.05,
Tables 2 and 3). These changes in AML patients following
intravenous administration of cytarabine supplemented
with idarubicin were more evident compared to those
supplemented with daunorubicin (P <0.05).

3.4. Intravenous Administration of Cytarabine and Idarubicin
Improved Quality of Life in AML Patients. Before treatment
and at 3 months after treatment, AML patients were fol-
lowed up and required to fill KPS scale to reflect their quality
of life. Before treatment, the scores of KPS in the study group
and control group were (75.88+3.28) and (76.13 +3.20),
respectively. At 3 months after treatment, the scores of KPS
in the study group and control group were (89.81 + 6.43) and
(81.64 +5.51), respectively. The study group and control
group showed increased KPS scores after treatment
(t=12.800, P<0.001; t=5.736, P <0.001), and this increase
was more obvious in the study group (t=6.400, P <0.001).

3.5. Intravenous Administration of Cytarabine and Idarubicin
Led to Reduced Total Incidence Rate of Adverse Reactions in
AML Patients. As given in Table 4, AML patients experi-
enced several adverse reactions, including nausea and
vomiting, myelosuppression, infection, and leukopenia after
intravenous administration of cytarabine supplemented
with either idarubicin or daunorubicin. Two groups of AML
exhibited no significant difference in term of the incidence
rates of nausea and vomiting, myelosuppression, infection,
and leukopenia. However, the total incidence rate of adverse
reactions in the study group was evidently lower than that in
the control group (34.09% vs. 61.36%, P <0.05).

4. Discussion

AML is heterologous tumor, which frequently occurs in
adults. It was reported, 19,000 American populations were
newly diagnosed with AML and 10,000 patients died of the
disease every year [22]. The 5-year overall survival of AML is
negatively related to age. It ranged 40-50% in younger
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TaBLE 1: The clinical response rates of AML patients following intravenous administration of cytarabine supplemented with either

idarubicin or daunorubicin.

Group Case Complete remission Partial remission Stable disease Exacerbation Total response rate (%)
Control group 44 14 (31.82) 6 (13.64) 3 (6.82) 21 (47.73) 20 (45.45)
Study group 44 19 (43.18) 10 (22.73) 4 (9.09) 11 (25.00) 29 (65.91)
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FIGURE 1: The levels of SICAM-1, sVCAM-1, IL-10, and IL-35 measured by ELISA of serum samples in AML patients following intravenous
administration of cytarabine supplemented with either idarubicin or daunorubicin.

TaBLE 2: The proportions of CD4", CD8", and CD4"/CD8" ratio in peripheral blood in AML patients following intravenous administration
of cytarabine supplemented with either idarubicin or daunorubicin.

Group Case Time CD3" (%) CD4" (%) CD8" (%) CD4'/CD8"

Control group 44 Pretreatment 59.15+6.97 30.14 + 3.87 3415+ 3.41 0.79£0.08
Posttreatment 62.74 +£6.03 35.87+3.72 32.96+3.49 1.12+0.12

t 8.125 6.193 0.941 3.618

P 0.001 0.007 0.086 0.029

Study group 44 Pretreatment 59.17 £ 6.99 30.27 +£3.93 34.11+3.49 0.81 £0.09
Posttreatment 73.80 + 8.51* 39.91 +4.76* 29.74 +2.35% 1.39+0.19%

t 12.119 7.374 5.174 4.396

P 0.001 0.001 0.018 0.027

The letter a indicates P <0.05 compared to the control group.
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TasLe 3: The proportions of CD4"IL-10 Tregs and CD4"CD25"CD127 Foxp3™ Tregs in peripheral blood in AML patients following
intravenous administration of cytarabine supplemented with either idarubicin or daunorubicin.

Group Case Time CD4"IL-10 Tregs (%) CD4"CD25"CD127 Foxp3" Tregs (%)

Control group 44 Pretreatment 27.75+3.97 23.31+3.87
Posttreatment 23.47+2.53 19.89+1.75

t 6.031 5.341

p <0.001 <0.001

Study group 44 Pretreatment 2811+ 3.63 23.07 £3.93
Posttreatment 20.40 +2.04° 18.28 +1.43*

t 12.280 7.597

P <0.001 <0.001

TaBLE 4: The incidence rate of adverse reactions in AML patients following intravenous administration of cytarabine supplemented with

either idarubicin or daunorubicin.

Group Case Nausea and vomiting (n, %) Myelosuppression (1, %) Infection (1, %) Leukopenia (n, %) Total incidence (1, %)
Control

group 44 12 (27.27) 5 (11.36) 3 (6.82) 7 (15.91) 27 (61.36)
Study group 44 7 (15.91) 2 (4.55) 2 (4.55) 4 (9.09) 15 (34.09)

t 16.675

p 0.018

patients, but only 10-20% was found in the patients over 60
years old [19, 23]. Clinically, AML is manifested as various
symptoms such as infection, fever, bleeding, anemia, and
abnormal cell invasion. Most cases are in acute and severe
condition, which not only affects the patient’s physical
condition and life quality but also endangers life. A com-
bination of cytarabine and daunorubicin or idarubicin, also
called as 7+ 3 regimen, has been widely applied to most
patients with newly diagnosed AML except for clinical
studies [24, 25]. Idarubicin is an anthracycline antibiotic
targeting tumor and cancer. It removes methoxyl at the C-4
position of daunorubicin and was prepared by Arcamone
etal. in 1976 [26]. Idarubicin is a derivative of daunorubicin,
which interferes with the activity of topoisomerase II and
inhibits nucleic acid synthesis. Comparing to daunorubicin,
idarubicin is characterized by higher lipophilicity, cell
permeability, stronger immune response, and lower drug
resistance [27].

Idarubicin has been widely used in clinical treatment of
AML, high-risk myelodysplastic syndrome [28], hepato-
cellular carcinoma [29], and metastatic breast cancer [30]
and turned out to be a treatment scheme to alleviate patients’
symptoms. Guiu et al. [29] revealed that the patients with
unresectable hepatocellular carcinoma showed better overall
survival and objective response rate after interventional
therapy of idarubicin-loaded beads. In our study, the pa-
tients who received idarubicin showed higher response rate
and increased KPS score, suggesting combined intravenous
administration of cytarabine and idarubicin was effective on
prolonging life and improving life quality. Adhesion mol-
ecules on the surface of leukocytes, vascular endothelial cells,
or other cells become soluble adhesion molecules after
entering blood. SICAM-1 and sVCAM-1 are the members of
immunoglobulin superfamily and participate in the mi-
gration, proliferation, and differentiation of hematopoietic
cells [31]. The present study found that serum levels of
SICAM-1, sVCAM-1, IL-10, and IL-35 were declined

significantly in AML patients following intravenous ad-
ministration of cytarabine supplemented with either idar-
ubicin or daunorubicin (P <0.05), and this decrease was
more evident in AML patients following intravenous ad-
ministration of cytarabine supplemented with idarubicin.
The results showed idarubicin has more advantages in
maintaining cellular immune balance. Zaccagni et al. also
indicated that the patients with systemic lupus erythematous
showed elevated levels of soluble adhesion molecule levels
(VCAM-1 and ICAM-1) compared with healthy groups
[32]. Low level of SICAM-1 increased cancer-related 5-year
survival rate [33]. Increased level of maternal serum and
vaginal fluid sVCAM-1 and sICAM-1 was found in pregnant
women with preterm prelabour ruptures of membranes.
These levels can be used as biomarkers to support diagnosis
of the disease [34]. IL-10 exerts anti-inflammatory and
immunosuppressive activities by inhibiting the production
of cytokines by T cells [35]. Patients with adult T cell leu-
kemia caused by human T cell leukemia virus type I infection
showed elevated serum levels of IL-10 [36]. IL-35 is pro-
duced by Tregs and responsible for the suppressive activity of
Tregs [37]. Tao et al. found that IL-35 was increased in
peripheral blood of adult AML patients and correlated with
the clinical stages of malignancy [38]. As reported by Wu
et al., remarkable higher levels of plasma IL-35 and IL-10
were detected in newly diagnosed AML patients compared
with AML patients with complete remission or healthy
controls [39].

T cells are the main effector cells of cellular immunity.
CD4", CD8" T cells, and Tregs have significant heterogeneity
in cytokine expression. They produce cytokines, such as
interferon-y and tumor necrosis factor-a, in the immune
response to mediate inflammation and remove intracellular
pathogens [40, 41]. In this study, flow cytometric analysis
showed that, after treatment, increased proportions of CD3"
T cells, CD4" T cells, and CD4"/CD8" ratio along with
decreased proportions of CD8" T cells, CD4"IL-10 Tregs,



and CD4"CD25"CD127 Foxp3™ Tregs were revealed in
peripheral blood in AML patients following intravenous
administration of cytarabine supplemented with either
idarubicin or daunorubicin. This finding indicated that
combined intravenous administration of cytarabine and
idarubicin was helpful to reduce virus infection and im-
prove patients’ immunity. Another report on AML revealed
that increasing CD8" T cells were represented in the AML-
M5 subtype group compared with the AML-M3 group.
Increased CD8" T cells were associated with poor response
[42]. The patients with chronic lymphocytic leukemia
showed significantly higher percentage of CD4" than that
in healthy volunteers [43]. Guo et al. demonstrated that the
patients with acute leukemia had higher absolute count of
CD3" compared with healthy controls, but with reduced
immune function [44]. Xu et al. demonstrated that
blocking the interaction between Tregs and AML cells may
be a new approach to target leukemia stem cells in the
treatment of AML [45]. There was a higher proportion of
CD47CD25"CD127 Foxp3* Tregs in newly diagnosed
AML patients than healthy controls [46]. All these findings
manifested T cells involved in immune response and
mediated progress of disease. In addition, this study found
that the incidence of adverse reactions in the study group
was significantly lower than that in the control group. It
suggested that idarubicin improved the safety of chemo-
therapy in AML patients due to its lower drug resistance
and toxicity.

In summary, our data suggest that intravenous ad-
ministration of cytarabine supplemented with idarubicin
can improve the immune function and quality of life of AML
patients, and this combination drug therapy is effective and
safe for AML, which is worthy of clinical recommendation.
However, limited numbers of AML patients in this study
might lower the data reliability, and thus, further study
should be carried out to confirm these findings.
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