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Abstract

Original Article

Introduction

Chronic myeloid leukemia  (CML) is a hematological 
malignancy characterized by uncontrolled proliferation and 
upregulation of myeloid cells within the bone marrow due to 
the fusion of ABL1 gene on chromosome 9q34 with BCR gene 
on chromosome 22q11 forming what’s known as Philadelphia 
chromosome, resulting an overactive tyrosine kinase enzyme 
that triggers various signaling pathways leading to the 
transformation of normal cells into a cancerous state.[1‑3] In the 
realm of leukemia, CML holds a notable position accounting 

for approximately 15% of newly diagnosed cases in adults.[4] 
Predominantly, this leukemia occurs in individuals within 
the fifth and sixth decades of life in developed and Western 
countries, rising with age.[5] Furthermore, there exists a slight 
male predominance with the ratio of male to female ranging 
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between 1.3 and 1.8:1.[6] A study in Iraq from 2002 to 2006 
with 669 patients found that the median age of CML patients 
was 37. It also showed a higher predisposition of males to 
CML compared to females.[7] Similarly, a retrospective study 
on Tunisian CML patients from January 2011 to December 
2019 found that the median age at diagnosis was 49 years, and 
most of the patients were diagnosed during the chronic phase 
of the disease.[8] The introduction of tyrosine kinase inhibitors 
(TKIs), starting with imatinib, has markedly transformed the 
treatment approach for CML.[9] A breakthrough in targeted 
therapy marked a new era. Imatinib was effective, but some 
patients developed resistance. This led to the development of 
second‑generation TKIs (bosutinib, dasatinib, and nilotinib), 
initially for imatinib‑resistant patients and later as frontline 
therapy.[10,11] While TKI therapy brought hope, a considerable 
number still die from CML annually.[12] Moreover, the current 
scoring system has limitations in predicting treatment response 
and TKIs’ clinical efficacies.[13]

In this context, the red blood cell distribution width (RDW), 
neutrophil/lymphocyte ratio (NLR), and PLT are routinely 
measured as part of complete blood count  (CBC) for 
diagnosing hematological diseases. They have gained 
attention for their intriguing associations with various 
diseases.[14,15] It has been identified as having relevance 
in a diverse array of clinical contexts, spanning numerous 
types of solid tumor[16‑18] and several types of hematologic 
malignancies.[19‑21] Based on these observations, this study 
aims to investigate if RDW, NLR, and platelet/lymphocyte 
ratio  (PLR) may serve as reliable predictors of survival 
in newly diagnosed and treated CML patients. This could 
provide a promising method for prognostic assessments in 
CML management.

Materials and Methods

Sixty Iraqi patients (37 males and 23 females) with CML at 
chronic phase (CML‑CP), aged 17–69 years, were included 
in this study. They were referred to the National Center of 
Hematology at Mustansiriyah University in Baghdad during 
the duration spanning from February 2022 to December 2022. 
The diagnosis of disease is confirmed by polymerase chain 
reaction to identify the Philadelphia chromosome containing 
BCR‑ABL gene. Medical history of all patients including 
disease duration, type of treatment, and refractory response 
to certain drug was recorded from their profile. Twenty of 
them are newly diagnosed (abbreviated as T0), and the rest 
40 patients are under treatment with TKIs (abbreviated as 
T+), 20 of them treated with imatinib (daily dose of 400 mg) 
and 20 with nilotinib (dose escalated from 300 to 400 mg 
twice daily). Along with patients, 20 healthy subjects (with 
matched age and gender) were enrolled to act as a control 
group.

CBC was performed to assess red blood cell  (RBC), white 
blood cell (WBC), and platelet indices in all groups. A vein 
puncture procedure was employed to obtain 2 ml of blood 

sample from each subject. These samples were then transferred 
into anticoagulant tubes containing ethylenediaminetetraacetic 
acid (AFICO‑DISP, Jordan) for directly examination of CBC 
using five‑differential full automated Hematology Analyzer 
DxH 500  (Beckman Coulter, USA) based manufacturer 
company procedures  (M‑52D diluent, M‑52LH lyse, and 
M‑52DIFF lyse). The values of RBC count, hemoglobin 
content (Hb), hematocrit (Hct), mean corpuscle volume (MCV), 
mean corpuscle hemoglobin concentration (MCHC), RDW, 
total and differential WBC count, NLR, platelet count, and 
PLR were recorded.

The statistical analysis was performed utilizing VassarStats 
Website for Statistical Computation. Numerical values are 
expressed as mean ± standard deviation. Categorical variables 
are reported as percentages, and the Chi‑square test is used to 
examine differences between several groups. The differences 
among three independent samples are analyzed with the use 
of the analysis of variance and Tukey’s honestly significant 
difference test. Additionally, the Pearson’s calculator test 
is used to examine the correlation between two variables. 
Two‑tail P  <  0.05 is used to measure the significance of 
differences.

Results

Table 1 shows nonsignificant difference in the age between 
control group  (39.2  ±  12.1  years) and patients of T0 and 
T+  (35.6  ±  12.2 and 43.3  ±  13.9  years, respectively). 
Furthermore, this table shows that the male‑female ratio in 
CML patients is 1.6: 1, thus the distribution of male: female 
in the control group (1.5:1) is conducted to be matched with 
that in patients and with nonsignificant difference.

Furthermore, Figure  1 reveals that there is no significant 
difference in the age of CML patients at onset of disease between 
males  (34.5  ±  11.7  years) and females  (34  ±  11.9  years). 
Furthermore, there is no significant difference in the treatment 
of CML patients with imatinib or nilotinib between males (48% 
and 52%, respectively) and females  (53.3% and 47.7%, 
respectively), as shown in Figure 2.

Moreover, Table  2 reveals that the values of RBC count, 
Hb, Hct, MCV, and MCHC are within the normal range in 
males and females of patients and control groups. However, 

Table 1: Age and gender of patients and control groups

Character Control (n=20) Patients P

T0 (n=20) T+(n=40)
Age (years)

Range 19–61 17–55 14–65 0.103
Mean±SD 39.2±12.1 35.6±12.2 43.3±13.9

Gender, n (%)
Male 12 (60) 12 (60) 25 (62.5) 0.975
Female 8 (40) 8 (40) 15 (37.5)
MFR 1.5 1.6

SD: Standard deviation, MFR: Male/female ratio
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the value of RDW% in newly diagnosed patients (20.4%) is 
significantly (P < 0.0001) higher than those in treated patients 
and control group (13% and 13.1%, respectively) as well as 
higher than the upper limit of the normal range (16%). Based 
on RDW, Figure 3 shows that the majority (80%) of newly 
diagnosed patients have anisocytosis RBCs.

On the other hand, the absolute values of total and differential 
count of WBCs in newly diagnosed patients are significantly 
higher than those in treated patients and control group and also 
higher than the upper limit of their normal range. Furthermore, 

NLR in newly diagnosed patients (8.13) is significantly higher 
than in treated patients and control group (1.80 and 1.87, 
respectively). Regarding platelet count, although there was 
a significant difference in platelet count among all groups, 
all values are within normal ranges. However, PLR in newly 
diagnosed patients  (31  ±  24) is significantly lower than in 
treated patients and control group (130 ± 43 and 102 ± 27, 
respectively) [Table 3].

Discussion

According to the findings of this study, the mean age of patients 
at the onset of disease was 34 years [Figure 1]. This aligns 
closely with a prior study in Iraq conducted between 2002 and 
2006 which reported that the median age on the onset of disease 
was 37 years.[7] A recent Iraqi study indicated that 216 CML 
patients attended the National Center of Hematology between 
2005 and 2020; the mean age at diagnosis was in the final years 
of the fourth decade of life.[22] In neighboring Jordan, a study 
underscored a comparable trend, revealing that the mean age of 
CML patients at the onset of disease was in the fifth decade of 
life.[23] Similarly, a 2022 study involving 801 CML patients in 
Tunisia found that the average age at diagnosis was 47 years.[8] 
Additionally, in Brazil, CML patients were typically diagnosed 
in their fifth decade.[24] In contrast, reports from the United 
States show a significantly higher median age at diagnosis 
for CML, which is 65 years.[25] These collective observations 
underscore the variability in age at the time of diagnosis across 
diverse geographical and demographic contexts shedding light 
on the epidemiological characteristics in distinct populations.

Additionally, the present study determined a male‑to‑female 
ratio of 1.6:1 among CML patients, as elucidated in Table 1. 
This finding aligns harmoniously with multitude of prior 
studies which consistently indicating a higher incidence of 
CML among males.[7,8] Moreover, a study conducted in the 
United States reported a slightly elevated prevalence in males 
with a male‑to‑female ratio of 1.4:1.[25] Conversely, an Iraqi 
study assessed 216 CML patients and found that 163 are still 
alive, while 53 have unfortunately passed away. The study 
observed a slightly higher proportion of female patients overall, 
with a male-to-female ratio of 1:1.16 among all patients and 
1:1.76 among surviving patients. However, the deceased 
group had a reverse ratio of 3.41:1, favoring males.[22] These 
findings confirm the demographic factors in shaping the gender 
distribution of CML cases.

In concerning with treated CML patients in the present study, 
20 individuals received imatinib treatment while the other 
20  patients were administered nilotinib, as delineated in 
Figure 2. Imatinib operates as a protein‑TKI that inhibits the 
BCR‑ABL tyrosine kinase, selectively targets c‑Kit, Abl, and 
“platelet‑derived growth factor receptor.”[26] Imatinib treatment, 
as a front‑line therapy in patients with chronic phase of CML, 
has been associated with high rates of complete cytogenetic 
and major molecular response (MMR).[27] However, nilotinib 
is a new oral TKIs, rationally designed to overcome imatinib 
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Figure 1: Age of chronic myeloid leukemia patients at the onset of disease. 
CML: Chronic myeloid leukemia
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Figure 3: Frequency of anisocytosis red blood cells in newly diagnosed 
chronic myeloid leukemia patients. RBC: Red blood cell, RDW: Red blood 
cell distribution width
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resistance in CML.[28,29] Although there are no significant safety 
differences between the two drugs, Zhang et al. demonstrated 
that nilotinib is more effective than imatinib in treating CML. 
Additionally, Yu et al. found that nilotinib achieves cytogenetic 
and molecular responses more quickly and thoroughly.[30,31] 
Since the ultimate goal of CML treatment is to minimize 
long‑term toxicities and maximize deeper remissions in order 
to achieve treatment‑free remissions,[32] the treatment of newly 
diagnosed chronic phase CML with nilotinib has resulted in 
a higher rate of MMR and “complete cytogenetic response” 
compared to imatinib but at a higher cumulative cost.[33]

In concerning to the results obtained from CBC, this study 
elucidates that the majority of RBC indices in both patient and 
control groups fall within normal range and without significant 
difference. However, RDW% in newly diagnosed patients was 
significantly higher compared to treated patients and the control 
group, exceeding the normal upper limit of 20.4%, as shown 
in Table 2. This pronounced elevation in RDW% is indicative 
of a condition known as anisocytosis where a substantial 
majority  (80%) of newly diagnosed patients manifest a 
discernible heterogeneity in the size and volume of their 

RBCs, as shown in Figure 3. As is well known, anisocytosis is 
defined as the presence of RBCs with significant heterogeneity 
in size and volume in the peripheral blood. Anisocytosis may 
arise from a spectrum of pathological conditions including 
“congenital erythrocyte disorders” (like β‑thalassemia, sickle 
cell disease, and hereditary spherocytosis), anemia (due to iron, 
folate, or Vitamin B deficiencies), some forms of hemolytic 
anemia, oxidative stress, inflammation, and impaired renal 
function.[34] Therefore, it can be inferred that RDW serves 
as more accessible, rapid, and cost‑effective diagnostic test 
compared to other potentially useful biomarkers.[35] In line 
with this, several studies demonstrated that the stratification of 
CML patients based on their RDW value can offer a valuable 
insight into prognosis, survival outcomes, and progression to 
advanced stage of the disease. This stratification is beneficial to 
subsequent treatment and to avoid CML‑CP transforming into 
more advanced phase.[36] Furthermore, a retrospective study 
conducted by Mao et al., 2021, showed that high RDW at the 
time of diagnosis could predict poor prognosis of CML‑CP 
and RDW was associated with treatment responses, ultimately 
establishing it as a better predictor of prognosis when compared 

Table 3: White blood cell and platelet parameters in different groups of patients and control

Parameters (×109/L) Reference Control (n=20) Patients P

T0 (n=20) T+(n=40)
WBC total count (×109/L) 4–12 7.5±1.4b 156.8±90.4a 7.4±2.8b <0.0001
N (×109/L) 2–7 4.5±1.02b 125.4±73.1a 4.2±2.1b <0.0001
L (×109/L) 0.8–4 2.4±0.46b 16.6±11.5a 2.4±0.74b <0.0001
E (×109/L) 0.02–0.5 0.13±0.09b 2.4±1.7a 0.29±0.19b <0.0001
B (×109/L) 0–0.2 0.021±0.013b 0.365±0.746a 0.053±0.065b 0.008
M (×109/L) 0.12–1.2 0.45±0.08b 1.5±0.92a 0.44±0.24b <0.0001
NLR NA 1.87±0.37b 8.13±5.5a 1.80±0.73b <0.0001
Plt count (×109/L) 100–400 241±45.4b 347±143a 292±72b 0.004
PLR NA 102±27b 31±24c 130±43a <0.0001
Different small letters indicate significant difference between columns. NLR: Neutrophil/lymphocyte ratio, PLR: Platelet lymphocyte ratio, NA: Not 
available, WBC: White blood cell

Table 2: Red blood cell indices in different groups of patients and control

RBC indices Reference Control C (n=20) Patients P

T0 (n=20) T+(n=40)
Count (×1012/L)

Male 4.2–5.8 4.3±0.3 4.7±0.4 4.8±0.7 0.157
Female 3.5–5 4.3±0.2 4.1±0.3 4.4±0.3 0.193

Hb (g/dL)
Male 12–16 12.9±0.9 13.2±1.2 14±1.7 0.121
Female 11–15 12.7±0.3a 11.4±1.5b 12.5±0.7a,b 0.023

Hct (%)
Male 38–54 39.2±2.6 40.9±3.1 41.5±4.9 0.362
Female 37–47 38.9±1.2 35.5±5.7 37.7±1.9 0.158

MCV (fl) 80–100 89.9±3.4 86.8±5.8 86.7±4.8 0.084
MCHC (g/dL) 32–36 32.7±0.5 32.8±1.9 33.4±0.7 0.076
RDW (%) 11–16 13.1±0.5b 20.4±4.0a 13±0.8b <0.0001
Different small letters indicate significant difference between columns. RBC: Red blood cell, Hb: Hemoglobin, MCV: Mean corpuscle volume, MCHC: Mean 
corpuscle hemoglobin concentration, Hct: Hematocrit, RDW: Red blood cell distribution width
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to other laboratory parameters in the general population.[37] 
Lippi et al. reported that a higher RDW% is linked to a higher 
risk of mortality since there is a positive correlation between 
the RDW% and a number of inflammatory markers.[38] 
Additionally, according to Demirkol et  al., inflammation 
impairs erythropoiesis and alters RBC maturation, both of 
which help to raise the percentage of RDW.[39] Consequently, 
an increased RDW may serve as a link between inflammation 
and carcinogenesis and be associated with a bad prognosis for 
cancer patients.[40] Furthermore, Iriyama et al. concluded that 
most cases of CML patients show anisocytosis at diagnosis that 
improved after TKI treatment and the RDW has an essential 
role in risk stratification of CML‑CP patients for predicting 
treatment responses and outcomes.[19] Recently, Mao et al. in 
2021 evaluated the ability of RDW to predict prognosis and 
treatment response in CML‑CP patients, treated with TKIs 
and demonstrating that high RDW was an adverse predictor 
of overall survival and progression‑free survival.[37]

This study also reveals that the absolute values of total and 
differential count of WBCs in newly diagnosed patients are 
higher than the upper limit of their normal range and significantly 
higher than treated patients and control group. While the platelet 
counts are within the normal range, there is a significant 
difference between the patients and the control group [Table 3].

Since CML is a form of malignancy that affects the bone marrow, 
all newly diagnosed CML patients are presented with high 
WBCs count, these malignant cells crowd the bone marrow and 
prevent the production of nonmalignant blood cells. Previously, 
Hayran et al.[41] showed that leucocyte count >18 × 109/L along 
with neutrophil proportion >72.6% is the best combination of 
peripheral blood counts for predicting CML, so counts above 
these thresholds should be carefully investigated for CML, 
particularly the early, chronic phase of the disease, which is 
usually not associated with any symptoms. However, Schiffer 
et al.[42] demonstrated that lymphocyte count >3.6 × 109/L is 
an indicator of lymphocytosis which can be developed in a 
minimum of 32% of CML patients and persists for more than 
1 year in at least 50% of such patients. As it is well known, 
the clinical hallmark of CML is the uncontrolled production 
of maturing granulocytes, predominantly neutrophils, but 
also basophils and eosinophils.[43] On the other hand, results 
in Table  3 demonstrated that NLR in newly diagnosed 
patients  (8.13) is significantly higher than those in treated 
patients and control group  (1.80 and 1.87, respectively); 
however, the values of NLR are decreased in patients treated 
with both types of drug. The PLR in newly diagnosed patients 
is significantly lower compared to both treated patients and 
the control group. A  variety of prior studies have reported 
that higher NLR is correlated with a worse survival outcome, 
stages of disease, and courses of treatment in both solid tumor 
and hematopoietic tumor.[44,45] Stefaniuk et  al. considered 
NLR as a tumor microenvironment biomarker and can be 
used as a prognostic factor, not only in solid tumors, but also 
in hematological malignancies because high NLR reflects 
a decrease in the number of lymphocytes and an elevated 

number of neutrophils in tumor microenvironment.[46] In fact, 
NLR has previously reported as a good prognostic marker 
of inflammatory conditions[47] and infectious diseases.[48] 
Moreover, several studies have revealed the significance of 
NLR as a prognostic factor in patients with solid tumors such 
as colon cancer,[49] ovarian cancer,[50] gastric cancer,[51] and 
breast cancer.[52] Furthermore, the role of this ratio has been 
well confirmed in some hematological malignancies such as 
diffuse large B‑cell lymphoma,[53] Hodgkin lymphoma[54] and 
multiple myeloma,[55] but until now, the prognostic significance 
of NLR in leukemias has not been widely reported.[46] Recently, 
it has been reported that NLR is correlated with prognosis 
and response to chemotherapy in patients with acute myeloid 
leukemia.[56] Although many studies have defined the role 
of platelet‑to‑lymphocyte in lymphoid malignancies, few 
applications exist for myeloid neoplasm or hematopoietic stem 
cell transplantation procedures.[57] For instance, evaluation 
of inflammatory status in cancerous diseases using some 
hematological indices including NLR, LMR, or PLR is widely 
investigated for the prognostic assessment of the patients with 
numerous tumors because they are low cost and can be easily 
determined only on the basis of the CBC.[58,59] PLR is widely 
recognized as a valuable prognostic predictor, especially in 
solid tumors such as gastric cancer[60] and breast cancer.[61] 
Recently, Li et al. demonstrated that PLR is associated with 
poor prognosis in the case of acute myeloid leukemia patients 
and may represent a novel independent prognostic factor.[62]

Conclusion

It can be concluded that RDW monitoring during the 
therapeutic course proves to be a vital strategy in managing 
CML. Furthermore, NLR and PLR can represent a simple and 
inexpensive test that establishes RDW as an indispensable 
predictive tool. The accessibility and simplicity of the RDW, 
NLR, and PLR tests make them act as predictive markers to 
estimate and evaluate the prognosis of CML patients and the 
degree of response to certain TKI drug.
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