Iraqi J Pharm Sci, Vol.34(2) 2025 TKIls-related alterations in oxidative stress and liver function markers

DOI: https://doi.orq/10.31351/vol34iss2pp40-46

Serum Levels of Advanced Oxidation Protein Products and some Liver
Function Markers in Chronic Myeloid Leukemia-Chronic Phase Patients
Receiving Imatinib or Nilotinib

Ekhlas Khammas Hasan" ,Ali Abdulhussain Kasim?
and Bassam Francis?®

! Department of Clinical Pharmacy, College of Pharmacy, Al-Bayan University, Baghdad, Iraq.
2 Department of Clinical Laboratory Sciences, College of Pharmacy, University of Baghdad, Baghdad-Irag.
3 Ministry of Health, Hematology and Bone Transplant Center, Medical City, Baghdad, Iraq.

*Corresponding author
Received 27/8/2023, Accepted 28/1/2025, Published 25/6/2025

-' This work is licensed under a Creative Commons Attribution 4.0 International License.

Abstract

The treatment of chronic myeloid leukemia has witnessed substantial advancements by the introduction
of tyrosine kinase inhibitors. Oxidative stress has been proposed as potential mechanism for resistance to the
action of tyrosine kinase inhibitors. Simultaneously, oxidative stress has a crucial role in hepatic diseases and
medication-induced hepatotoxicity. The study aims to investigate the serum levels and potential correlation of the
advanced oxidation protein products (AOPPs), as indicator of oxidative stress, with some markers of liver
function, in patients receiving TKIs, namely imatinib or nilotinib. A total of 76 chronic myeloid leukemia-chronic
phase patients were enrolled in this cross-sectional, single center study. The enrolled patients were grouped as
those receiving imatinib, at an oral dose of 400 mg/ day, and those who failed to clinically respond to imatinib
and were switched to nilotinib, at an oral dose of 800 mg/ day. Serum levels of the advanced oxidation products
(AOPPs), the hepatic enzymes alkaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and total serum bilirubin (TSB) as well as direct and indirect bilirubin were measured.
The enrolled patients in both groups were of comparable age and gender; P>0.05. Serum ALT level was
significantly higher in patients receiving imatinib compared to those receiving nilotinib; by contrast, serum
AOPPs, total and direct bilirubin levels were significantly lower in patients receiving imatinib compared to those
receiving nilotinib. There was no significant correlation between the serum levels of AOPPs and that of liver function
markers whether in the pooled data of total participants or based on the type of medication used. In conclusion, the
oxidative stress, indicated by AOPPs, and bilirubin metabolism is significantly deranged in chronic myeloid
leukemia-chronic phase patients receiving nilotinib as compared to those receiving imatinib.
Keywords: Chronic myeloid leukemia, Hepatotoxicity, Imatinib, Nimotinib, Oxidative stress.

Introduction

Chronic myeloid leukemia (CML) is a clonal
myeloproliferative disorder. The condition is
primarily caused by a genetic anomaly known as the
Philadelphia chromosome, resulting from a definite o
genetic translocation between chromosomes 9 and symptoms, and the con_dltlon is often detected
22. The rearrangement gives rise to a fusion gene incidentally through routine blood tests. As CML
called BCR-ABLL, which produces a protein with advances to the accelerat_ed and blast phases, the
abnormal tyrosine kinase activity called BCR-ABL1 numb_er O.f immature white blood cells increases,
kinase that disrupts the normal development and res_ultlng In more pronounced Symptoms such as
programmed cell death of myeloid cells, leading to fatigue, weight loss, gbd(gmlnal discomfort,
uncontrolled proliferation of these primitive splenomegaly, and bone pain. _
hemopoietic stem cell.)) The presence of BCR - The treatment of CML has witnessed

ABL1 gene has been found to affect several genes substantial advancements in recent times. Targeted
therapy using tyrosine kinase inhibitors (TKIs),

in CML patients.> ® CML typically progresses
slowly and can be divided into three phases: chronic
(CP), accelerated (AP), and blast phases (BP). In the
CML-CP, patients may not exhibit significant
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including imatinib, nilotinib, dasatinib, bosutinib
and ponatinib, has transformed the management of
CML. These medications specifically target and
inhibit the abnormal BCR-ABL1 kinase, reducing
the number of cancer cells and enabling patients to
achieve long-term remission. However, long-term
use of TKI is accompanied by persistent drug
adverse events such as increased risk of bleeding,
anemia, hematological toxicity, edema, fluid
retention, hepatic toxicity, increased serum levels of
alanine aminotransferase (ALT) and aspartate
aminotransferase (AST), gastrointestinal disorders,
bone  pain, muscle cramps/spasms, and
musculoskeletal pain; that affect the quality of life
of patients, thereby affecting patient compliance and
treatment efficacy.®” In some cases, allogeneic
stem cell transplantation may be considered,
particularly for individuals who do not respond well
to TKIs or cannot tolerate them.® Oxidative stress
has been proposed as potential mechanism for TKils
resistance.® 10

TKIs therapy has been associated with
hepatotoxicity ranging from transient and usually
asymptomatic elevations in serum enzymes and
abnormal liver function tests, to acute liver failure;
along with chronic hepatitis B reactivation. Liver
enzymes need to monitor in CML patients receiving
TKls. 1

Simultaneously, oxidative stress has a
crucial role in hepatic diseases and medication-
induced hepatotoxicity. 24The study aims to
investigate the serum levels and potential correlation
of the advanced oxidation protein products
(AOPPs), as indicator of oxidative stress, with some
markers of liver function to assess the differences in
serum levels of these markers between patients
receiving imatinib and those receiving nilotinib.
Patients and Methods

This cross sectional, single center study was
carried out in the National Center of Hematology,
Baghdad Teaching Hospital, Medical City,
Baghdad; Irag. This center serves a diverse range of
patients from several governorates total of 76 CML-
CP patients that were already diagnosed by
hematologists  (according to the European
LeukemiaNet (ELN) recommendations) ©'* were
enrolled in the study. The study was continued for
nine months from May 2022 to the end of January
2023.

The study was approved by the Ethics
Committee of the College of Pharmacy, University
of Baghdad; with the number (RECACPUB-
3102020B). All participants were informed about
the purpose and the expected benefits of the study; a
written consent of participation was documented.

The enrolled individuals were adult
confirmed CML-CP patients, receiving either
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imatinib, at an oral dose of 400 mg/ day, or those
who failed to clinically respond to imatinib (i.e.,
imatinib-resistant) and were switched to nilotinib, at
an oral dose of 800 mg/ day; according to ELN
recommendations ., Patients were on those
medications for at least 12 months; and all patients
are clinically responsive to their current medication
according to a recent monitoring of molecular
response by BCR-ABL1 measurement.

The exclusion criteria were receiving
interferon-alpha ~ or  hydroxyurea, history
hematopoietic stem-cell transplantation,

uncontrolled cardiovascular diseases or diabetes
mellitus, chronic infections, other type of cancer,
pregnancy, supplementation with vitamins with
antioxidant potentials, and congenital bleeding
disorders or acquired bleeding disorders that were
reported prior the administration of imatinib or
nilotinib.

A blood sample (5ml) was collected from
each participant and serum was separated and used
for the measurement of AOPPs, the hepatic enzymes
alkaline phosphatase (ALP), ALT, and AST, and
total serum bilirubin (TSB) as well as direct and
indirect bilirubin. Serum AOPPs level was measured
by enzyme-linked immunosorbent assay (ELISA)
using human AOPP ELISA kit purchased from (BT-
LAB /China). Serum levels of liver enzymes and
bilirubin were measured by enzymatic colorimetric
method using the corresponding kits purchased from
(Beacon Diagnostic /India).

Statistical analysis

Data analysis was performed using SPSS
software for Windows version 26.0. Shapiro-Wilk
test was employed to determine whether data were
normally distributed. The data were normally
distributed, and parametric statistics were employed.
Categorical variables were presented as number and
percentage; while, continuous variables were
presented as mean * standard deviation (SD).
Unpaired t-test was used to evaluate the difference
between the mean of two groups; chi-square was
used to study the association of categorical
variables. Pearson’s correlation test was used to
study the correlation of variables. A P-value <0.05
was considered statistically significant.

Results and Discussion

Chronic myeloid leukemia-CP patients that
were eligible and completed the study requirements
were 39 female and 37 male, with an age range (21-
75years); as shown in figurel.
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Figurel. Schematic representation of the paticipants’ selection.

There was no statistical significant difference
between patients receiving imatinib or nilotinib with

Table 1. Demographic characteristics of the participants

regard to age or gender, (P> 0.05); as shown in Table
1.

Variable Patients receiving Patients receiving P_value
imatinib ( n=37) nilotinib ( n=39)
Age (years) 44.19+13.05 47.10+10.31 0.074
Male n(%) 17 (45.95) 20 (51.28)
Gender e male n(%) 20 (54.05) 19 (48.72) 06

Where: n, number

Serum levels of AOPPs, ALT, TSB, and
direct bilirubin were significantly different between
patients receiving imatinib and those receiving
nilotinib; where serum ALT level was higher, and

serum AOPPs, total and direct bilirubin levels were
lower in patients receiving imatinib compared to
those receiving nilotinib; as shown in Table 2.

Table 2. Serum levels of the advanced oxidation protein products and the studied liver function markers of

participants

Variable Patients receiving imatinib ( n=37) Z?}éi?.:fbn(ecﬁl:\gg)g P-value

AOPPs (ng/ml) 6.64+ 2.28 8.57+0.55 0.007*
ALP (1U/L) 161.89 +42.89 153.46 +42.97 0.3

ALT (IU/L) 13.89 +£3.54 11.87+2.70 0.006*
AST (IU/L) 11.54+3.63 11.62+2.33 0.9

TSB (mg/dl) 0.9240.319 1.10+0.42 0.04*
Indirect bilirubin (mg/dl) 0.511+0.22 0.55+0.27 0.4

Direct bilirubin (mg/dl) 0.41+0.16 0.56+0.27 0.005*

Where: n, number; AOPPs, advanced oxidation protein products; ALP, alkalin phosphatase; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; TSB, total serum bilirubin. * statistically significant (P< 0.05)
There was no significant correlation between the serum 3) or based on the type of TKIs used (Table 4); P-value
levels of AOPPs and that of liver function markers >0.05.

whether in the pooled data of total participants (Table

Table 3. Correlation of the advanced oidation protein products with the studied liver function markers of total

articipants
Variables r-value P-value
ALP -0.166 0.151
ALT -0.055 0.635
AST 0.160 0.167
TSB -0.013 0.914
Direct bilirubin -0.084 0.472
Indirect bilirubin 0.064 0.585

Where: ALP, alkalin phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TSB, total
serum bilirubin. r, Pearson’s correlation coefficient.
Table 4. Correlation of the advanced oxidation protein products with the studied liver function markers of

42



Iraqi J Pharm Sci, Vol.34(2) 2025

articipants per type of medication
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Variables Patients receiving imatinib (n=37) | Patients receiving nilotinib (n=39)
r-value P-value r-value P-value
ALP -0.281 0.092 -0.066 0.688
ALT 0.097 0.558 0.003 0.984
AST 0.078 0.648 0.266 0.102
TSB 0.039 0.818 -0.160 0.330
Direct bilirubin -0.028 0.868 -0.281 0.083
Indirect bilirubin 0.063 0.709 0.046 0.781

Where: ALP, alkalin phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TSB, total

serum bilirubin. r, Pearson’s correlation coefficient.

The success rates in the management of CML have
been improved since the discovery of TKIs.
Nevertheless, these medications are not free of
adverse events that can impact the quality of life of
patients.7:16)

Generally, women are more prone to the
development of adverse drug reactions than men;
this predisposition is not well understood, however
the gender-specific difference in medications
pharmacokinetics has been proposed.®” 18 In the
present study, the effect of age and gender is
eliminated as participants were of comparable age
and of male and female distribution in the two study
groups.

Chronic oxidation is a key player in cancer
initiation and development.!® Gao et al. in a
systematic review of literature reviews described
about 20 pathways by which oxidative stress
participates in cancer initiation and development by
mediating molecular damage as well as disruption of
reduction-oxidation (redox) signaling. Those
pathways are related to reactive oxygen and nitrogen
species generating organelles and enzymes,
kinases/phosphatases signal transduction cascades
and transcription factors. 2%

Oxidative stress has been reported to have a
crucial role in the pathogenesis and progression of
CML mediated by a wide range of effects. To begin
with, oxidative stress participates in DNA damage,
instability, and genetic mutation. Moreover, it
modulates cell signaling thus disturbing cellular
growth, survival, and apoptosis.  Additionally,
oxidative stress mediates resistance to medications,
inflammation within bone marrow
microenvironment, and transformation of CML-CP
to the more aggressive CML-BP. (1% 21-23)

Several markers are utilized as indicators of
oxidative stress ?4; among these indicators are the
AOPPs that possess proinflammatory
potentials.?Ammar et al. has reported that serum
AOPPs levels are higher in imatinib-resistant CML
patients compared to the non-resistant patients.™?
This occurs in accordance with findings of the
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present study; where serum levels of AOPPs were
significantly lower in the imatinib-treated patients
than that in the nilotinib-treated patients. In the
present study, the patients in the nilotinib-treated
group were switched to this medication for being
imatinib-resistant.

Hepatotoxicity is a common adverse effect in
TKls-treated patients, with relative differences in
this regard among individual agents. ®® The exact
mechanism behind TKI-related liver damage
remains uncertain. It has been proposed that the
development of reactive metabolites during their
metabolism is a critical factor in the hepatotoxicity
induced by TKIs. These metabolites can
irreversibly  bind  with  important  cellular
components, such as proteins, lipids, and DNA
leading to irriversible cellular damage.®” Immune-
mediated reactions has been also proposed to
mediate TKIs-induced hepatotoxicity.®® Moreover,
some TKIs were reported to interfere with the
conjugation of the endogenous toxic metabolite,
bilirubin, by inhibiting UDP-
glucuronosyltransferase, specifically the isoform
UGT1A1 and thus can result in accumulation of
bilirubin with subsequent hyperbilirubinemia and
jaundice.®® 39 By an in-vitro study, Ai L et al.
showed that nilotinib is a potent inhibitor of
UGT1A1.GY However, UGT1A1 gene has been
reported to have number of polymorphisms that can
results in variability in response to the inhibitory
effect of nilotinib on UGT1A1.6?

In the present study, serum levels of ALT,
TSB, and direct bilirubin were significantly different
between patients receiving imatinib and those
receiving nilotinib; where serum ALT level was
higher, and total and direct bilirubin levels were
lower in patients receiving imatinib compared to
those receiving nilotinib. This indicates that the
effect of TKIs on liver function of CML patients is
dependent on the individual agent used for
treatment. In a systematic review and meta-analysis,
Wang et al. has reported that CML patients
receiving the newer TKIs are at higher risk of
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hepatotoxicity than those using imatinib;
furthermore, the TKIs-induced hepatotoxicity is
dose dependent. ©@® In the present study, serum
AOPPs levels showed no significant correlation
with the studied markers of liver function. Despite
oxidative stress has been shown to have a crucial
role in hepatic diseases® , it does not seems to
participate in alterations of the liver function
markers in CML patients receiving imatinib or
nilotinib.
Conclusion

The oxidative stress, indicated by AOPPs,
and bilirubin metabolism is significantly deranged
in CML-CP patients receiving nilotinib as compared
to those receiving imatinib.
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