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ABSTRACT

Background: Chronic Myeloid Leukemia (CML) shows a diverse clinical presentation, and its prognosis is
affected by a combination of demographic and laboratory factors. Although global studies have identified
several prognostic markers, detailed information specific to the Iraqi population remains limited.
Understanding how local demographic trends and easily accessible laboratory measures influence treatment
response is essential for customizing care in this region.

Aim: To determine the influence of demographic characteristics (age, sex), disease-related factors (phase,
duration), and baseline laboratory parameters ( WBC, HGB, and PLT) on treatment response and prognosis
in AL-Diwaniya Iraqi patients with CML

Methods: A retrospective study was conducted using routinely collected clinical data from 51 CML patients
managed at Al-Diwaniya Teaching Hospital in the hematology clinic from September 2024 to March 2025.
Response was mainly determined by Molecular Response, which was defined as a reduction in BCR-ABL
transcript levels, as measured by RT-PCR every 3-6 months. Multivariable regression models were used to
assess the independent associations between each predictor and treatment response while controlling for
potential confounders.

Results: PLT (Platelet count) demonstrated statistically significant associations with treatment response
among the variables examined. Age, sex, disease phase, disease duration, WBC, and HGB did not reach
statistical significance in this study.

Conclusion: This study highlights platelet count as a significant prognostic marker, suggesting its potential
utility in personalising treatment strategies and enhancing patient outcomes in limited-resource countries and
as a primary assessment tool. However, the study's findings must be interpreted with caution due to
limitations such as missing data and a small sample size and factors such as baseline disease burden and
treatment duration, which can substantially influence response dynamics and overall outcomes, which may
impact the generalisability of the results. This work provides locally relevant evidence to guide clinical
practice and national policy development, contributing to better outcomes in CML management across
similar healthcare contexts.

Keywords: Chronic Myeloid Leukemia, Clinical Factors, Demographic Factors, Prognosis, Molecular
Response, Treatment Response.
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INTRODUCTION

he Philadelphia chromosome is a feature of a

clonal myeloproliferative neoplasm that
results in the synthesis of the BCR-ABL1 fusion
protein .
The emergence of agents that inhibit tyrosine
kinase activity (TKIs) has significantly changed the
management of CML, greatly enhancing the results
for patients, and making the disease a long-term
and controllable condition Despite these
worldwide advances, genetic, environmental, and
socio-economic  determinants can introduce
variability in clinical presentation, treatment
response, and prognostic factors among
populations.
Specific  local information regarding the
epidemiology and prognostic factors of CML is
scarce in lIrag, as in the majority of developing
nations. Specialty treatment approach
development and the quality of patient
management are advanced by the understanding
of unique clinical and demographic features that
affect treatment response and prognosis within this
population. This contrast occurred in the original
thesis that served as the basis for this information,
which identified work that offers region-based
insights into CML.
To fill this knowledge gap, this study will look at
the effect on treatment response of some clinical
and demographic factors among Iragi CML
patients. Specifically, we will look at the
correlations between the molecular response of
treatment and patient sex, age, phase of disease
at diagnosis, duration of illness, and selected
laboratory results (WBC, HGB, and PLT).
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Through the analysis of these variables, we seek

to identify potential prognostic indicators and
contribute to a greater understanding of CML in
this sample, ultimately assisting with better patient
stratification and individually tailored treatment
strategies.

MATERIALS AND METHODS

Study Design and Patient Population

A retrospective study was used to investigate
clinical and demographic information among a
sample of patients with Chronic Myeloid Leukemia
(CM in Diwaniya, Irag. All 51 patients included in
this study are treated with TKIs according to the
standard treatment protocols for chronic myeloid
leukemia (CML). Treatment decisions were made
by the attending hematologists based on the
European LeukemiaNet (ELN) recommendations
and the availability of medications in Iraq. Patients’
inclusion criteria included all who were 12 years
and older. TKl-treated patients. TKI
contraindications, pregnancy, and lactation were
the exclusion criteria from the study.

Data Collection

Clinical and laboratory records were utilized for

data extraction. The key variables considered for

this analysis were:

e Demographic Information: Age and Sex.

e Disease Characteristics: Disease phase
(Chronic, Accelerated, Blast) at the time of
assessment, and Duration of disease (in years).

e Laboratory Parameters: molecular response
(percentage), WBC count, HGB level, and PLT
count.
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e Clinical response: Response measured by
molecular response, which is divided into (major
molecular response, deep molecular response,
complete molecular response, deep molecular
response, relapse).

¢ The time point for molecular response recording
the patients is at least 3 months if the diagnosis
is not more than 1 year, or 3-6 months if the
duration of disease is more than one year,
duration of disease for all patients is at least one
year or more, no less than one year

Molecular Response

Molecular response to therapy in CML patients is

assessed by monitoring the reduction in BCR-
ABL1 transcript levels over time, expressed as a
percentage on the International Scale (IS). Table
1. Subsequent monitoring categorizes response
based on specific BCR-ABL1 % (IS) thresholds.
These response criteria are critical for guiding
treatment decisions and predicting long-term
outcomes in CML patients receiving tyrosine
kinase inhibitor (TKI) therapy.

Table 1:Molecular response category 3

Response Definition Time
Type (BCR::ABL11S) Point
Early

Molecular <10% 3 and 6
Response months
(EMR)

Major <0.1% or =3-log

Molecular reduction from ~12
Response standardized baseline (if | months
(MMR) gPCR IS not available)

Deep

Molecular MR4.0: =0.01% or =218
Response MR4.5: =0.0032% 1 months
(DMR)

1. MR4 (Molecular Response 4.0): A 4-log
reduction (10,000-fold decrease) in BCR::ABL1
transcript levels from the standardized baseline,
corresponding to BCR::ABL1 (IS) <=0.01%.
MR4.5 (Molecular Response 4.5): A 4.5-log
reduction (~32,000-fold decrease) in BCR::ABL1
transcript levels from the standardized baseline,
corresponding to BCR::ABL1 (IS) <0.0032%.
MR5 (Molecular Response 5.0 A 5-log
reduction (100,000-fold decrease) in BCR::ABL1
transcript levels from the standardized baseline,
corresponding to BCR::ABL1 (IS) <0.001%.
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BCR-ABL1 Transcript Detection

Sample Collection and Preparation

Preparation: Whole blood samples were collected
into tubes containing appropriate anticoagulants
(e.g., EDTA) to prevent clotting and preserve
nucleic acid integrity. Samples are then processed
to extract RNA, which serves as the template for
subsequent real-time PCR amplification. The
GeneXpert system automates this process,
including RNA isolation, reverse transcription, and
PCR amplification within a self-contained
cartridge”.

BCR-ABL1 Detection and Quantification

The detection and quantification of BCR-ABL1
fusion transcripts were performed using the Xpert
BCR-ABL Ultra G2 assay (Assay Version 1), an in
vitro diagnostic test designed for use on the
GeneXpert Dx System (Software Version 6.4).

This assay targets the major breakpoint (p210)
transcripts of BCR-ABL1. The GeneXpert system
automates the entire process from sample
preparation to real-time PCR amplification and
detection, providing quantitative results. The
principle of the assay relies on real-time
quantitative PCR (RT-gPCR), which measures the
amount of BCR-ABL1 mRNA relative to a control
gene (ABL). The cycle threshold (Ct) values for
both BCR-ABL1 and ABL are determined, and
these values are used to calculate the BCR-
ABL1 % on the International Scale (IS). The IS
provides a standardized method for reporting BCR-
ABL1 levels, allowing for consistent monitoring of
molecular response across different laboratories
and studies °.

Statistical Analysis

A retrospective study was conducted using
routinely  collected clinical data, applying
multivariable regression models; statistics were
calculated for both continuous and categorical data
types. Associations between categorical variables
and treatment response were assessed using Chi-
square tests (Sex, Disease Phase vs.

Treatment Response). Differences in continuous
variables across treatment response groups were
evaluated using one-way ANOVA (Age, Duration of
Disease, WBC, HGB, PLT vs.

Treatment Response). Post-hoc Analysis (Tukey
HSD) was used to identify specific differences
among groups when ANOVA showed a significant
result for PLT.
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RESULTS

Descriptive Statistics of the Study

A total of 51 patients with Philadelphia
chromosome-positive CML were included in this
study. The median age was 47 years (range: 14—
77), with a mean age of 47.0 £ 14.0 years, and the
majority were male (56.9%). At assessment, 49
patients (96.1%) were in the chronic phase, while 2
patients (3.9%) were in the blast phase, both of
whom presented with relapse. The median disease
duration was 8 years (range: 1-26), with a mean of
9.7 £ 7.9 years. Baseline laboratory values showed
a mean WBC of 15.3 + 29.6 x10°/L, hemoglobin of
11.7 + 1.4 g/dL, platelet count of 214 + 86 x10°/L,
and BCR-ABLL1 transcript levels averaging 6.65 +
17.1% (1S). Comorbidities were present in a subset
of patients, most commonly hypertension (15.7%)
and diabetes mellitus (9.8%). Regarding treatment,
imatinib was the most frequently used TKI (27
patients, 52.9%), followed by nilotinib (12 patients,
23.5%) and bosutinib (12 patients, 23.5%). Table2.

Table 2: Baseline Characteristics of the Study

0,
Characteristic (0 {fo) Oy L e es D)

(Range)
Age (years) 47.0 £ 14.0 (14-77)
Sex
— Male 29 (56.9%)
— Female 22 (43.1%)
Disease Phase at
Assessment
— Chronic 49 (96.1%)
— Blast 2 (3.9%)
Duration of Disease 9.7 + 7.9 (1-26)
(years)
Baseline Laboratory
Values

+ —

—WBC (x10°/L) 58335‘) 29.6 (2.7
— Hemoglobin (g/dL) 11.7 £ 1.4 (8-14)
(‘x'::)“.‘,t,el_')et Count 214 + 86 (34-486)
— BCR-ABL1 (% IS) 6.65 £ 17.1 (0-100)
Comorbidities
— Hypertension 8 (15.7%)
— Diabetes Mellitus 5 (9.8%)

— Ischemic Heart Disease 2 (3.9%)
Current TKI Therapy

— Imatinib 27 (52.9%)
— Nilotinib 12 (23.5%)
— Bosutinib 12 (23.5%)
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Association of Demographic and
Clinical  Factors with  Treatment
Response

Sex vs. Response

The Chi-square test did not demonstrate a
statistically significant correlation between sex and
treatment response. (Chi2 = 1.50, p-value =
0.8270).. The distribution of responses by sex is
shown in Table 3, Figure 1.

Table 3: Distribution of Response by Sex (Counts)

S
9! [+] [ "] [ Q
T 0 = 0 7} 7}
€ c 9 c c c 3’,
N o Q O o 50
5 ?a g 25 9o 2
20 E D Q9o wo I
w ° o Qv 2o o ©
»n - = O = T = €2 -
FEMALE 3 5 4 3 7
MALE 3 6 4 8 8
Distribution of Response by Sex
Response
B relapse
BN major response
B Loss major response

B deep response
complete response

MALE FEMALE

Figure 1: Distribution <;f Response by Sex

Phase vs. Response

No statistically significant association was found
between the disease phase at the assessment and
treatment response (Chi2 = 7.65, p-value =
0.4684). While blast phase patients exclusively
showed relapse, the statistical significance was not
met, likely due to the small sample size of patients
in advanced phases. The distribution of responses
by disease phase is presented in Table 4, Figure
2.
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Table 4: Distribution of Response by Disease
Phase (Counts)
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Figure 2: Response by Disease Phase

Age vs. Response

ANOVA results indicated no statistically
significant association between age and treatment
response (F = 0.86, p-value = 0.4701). This implies
that age, within the observed range, does not
significantly predict treatment response Figure 3.

Age Distribution by Response

El

o

s

o
o
& & £

& & & &
\ ¢
& & & &
¢ g &
9 &
Response

Figure 3: box plots illustrating the relationship
between Age and treatment response, respectively
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Duration of Disease vs. Response

Similarly, the ANOVA for duration of disease
showed no statistically significant association with
treatment response (F = 0.15, p-value = 0.9320).

Association Between Laboratory
Parameters (WBC, HGB, PLT) and TKI

Therapy & Clinical Response

The ANOVA results demonstrate that WBC and
HGB levels did not differ significantly across
response categories (p > 0.05) with small effect
sizes (I-A2 < 0.16). In contrast, Figure 4 platelet
counts differed significantly with clinical response
(p = 0.002) with moderate effect sizes. Table 7 for
the Tukey post-hoc test showed that Patients in
complete or major response categories had higher
platelet counts than those in relapse.

Table 5, showing the baseline white-blood-cell
(WBC), hemoglobin (HGB), and platelet (PLT)
counts, was compared across clinical response
categories. One-way ANOVA is shown in Table 6
and Tukey post-hoc tests were used to assess
differences.

Table 5: Descriptive statistics by clinical response

% +| +l +l
o «L «C «<L
2 o8& o © &
® o o= 0oes o=
& c 2E@ ITEBR TE®
LOSS o 923Ar  11.23Ar 20483
J 1.94 0.59 A+ 84.15
response
complete ., 7.73 A+ 1180 A+  248.64
response 1.74 1.16 A+ 73.55
deep 8 7.08 A+ 12.01 A+ 224.46
response 212 0.58 At 18.65
major 11 7.46 A+ 11.78 A+ 267.91
response 3.21 1.39 A+ 82.88
relapse 15 3343 A+ 1143 A+ 148.53
P 51.07 2.05 A+ 84.87

Table 6: One-way ANOVA results by clinical
response

Parameter F p-value  1-A?

WBC 219 0.084 0.160
HGB 0.39 0.816 0.033
PLT 4.87 0.002 0.298
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Table 7 Tukey HSD post-hoc comparisons for PLT
by clinical response

E
- N —
o o S S
> =] c E
o o 3 >
o o = o
Loss complete
major P 43.80 0.7820
response
response
Loss dee
major P 19.63 0.9886
response
response
Loss maior
major : 63.08 0.4752
response
response
Loss
major relapse -56.30 0.5388
response
complete ' deep 2417 0.9577
response response
complete . major 19.27 0.9745
response response
complete . bse -100.10 0.0136
response
deep major 43.45 0.7282
response response
deep relapse 75.93 0.1633
response
major relapse -119.38 0.0021
response

Platelet Counts by Response Category

500 A
o

400

i;§ﬁ+§

100 4

T
relapse
Response

Figure 4 boxplot visualizes the distribution of
platelet counts across different response
categories
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DISCUSSION

This study aimed to identify demographic and
clinical factors influencing treatment response and
prognosis in AL-Diwaniya Chronic Myeloid
Leukemia (CML) patients. the results highlight the
significant role of PLT counts as prognostic
indicators, while other factors such as age, sex,
duration of disease, WBC, and HGB did not show
a statistically significant association with treatment
response in this study, but the baseline disease
burden and treatment duration may confound the
observed molecular responses.

The significant association between PLT counts
and treatment response, where Patients in
complete or major response categories had higher
platelet counts than those in relapse an interesting
finding. While high platelet counts are a common
feature of CML at diagnosis, and their
normalization is a sign of hematologic response,
the specific relationship between platelets and
long-term treatment response is less commonly
highlighted as a primary prognostic factor
compared to molecular response. This observation
warrants further investigation to understand the
underlying clinical implications. It could potentially
reflect a more effective suppression of the
leukemic clone, leading to better control of
myeloproliferation and subsequent normalization of
platelet counts, or it could be an indirect marker of
other biological processes influencing response.
Conversely, the lack of a statistically significant
association between age, sex, and duration of
disease with treatment response suggests that
these demographic and general disease
characteristics may not be primary determinants of
TKI efficacy in this study.

This aligns with some studies that show TKIs are
effective across a wide range of ages and in both
sexes The limited number of patients in
advanced disease phases (accelerated or blast
phase) has influenced the statistical power to
detect associations with disease phase, although
clinically, advanced phases are known to be
associated with poorer outcomes " The findings
from this study contribute valuable localized data
from Irag, a region where such comprehensive
analyses are often scarce. Understanding these
region-specific factors is crucial for optimizing CML
management strategies.
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CONCLUSION

The study on Chronic Myeloid Leukemia (CML)
in the Iragi population highlights platelet count as a
significant prognostic marker, suggesting its
potential utility in personalizing treatment strategies
and enhancing patient outcomes. However, the
study's findings must be interpreted with caution
due to limitations such as missing data and a small
sample size, which may impact the generalizability
of the results. The analysis revealed that platelet
counts significantly predict treatment response,
with higher counts associated with complete or
major responses compared to relapse. In contrast,
white blood cell (WBC) and hemoglobin (HGB)
levels did not significantly differ across response
categories. These findings align with the known
myelosuppressive effects of Bosutinib and suggest
that platelet recovery may reflect marrow
normalization during effective therapy. Other
factors, such as age, sex, and disease duration,
did not show statistically significant associations
with treatment response.

The study contributes to the limited regional data
on CML, emphasizing the need for localized
research to optimize patient management
strategies in resource-limited settings. Future
research should focus on validating these findings
in larger, multicenter study and incorporating
cytogenetic and mutational analyses to elucidate
resistance mechanisms and inform precision
medicine. This work provides locally relevant
evidence to guide clinical practice and national
policy development, contributing to better
outcomes in CML management across similar
healthcare contexts.

The study contributes to the limited regional data
on CML, emphasizing the need for localized
research to optimize patient management
strategies in resource-limited settings. Future
research should focus on validating these findings
in larger, multicenter cohorts and incorporating
cytogenetic and mutational analyses to elucidate
resistance mechanisms and inform precision
medicine. This approach could contribute to the
development of evidence-based clinical guidelines
and policy decisions, thereby improving CML
management in Iraqg and similar contexts. This
work provides locally relevant evidence to guide
clinical practice and national policy development,
contributing to better outcomes in CML
management across similar healthcare contexts.
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LIMITATIONS

This study has several limitations that should be
acknowledged:

Missing data: Certain clinical variables, such as
treatment adherence data, were unavailable,
potentially limiting the comprehensiveness of the
analysis.

Small sample size: This was a single-center
study, and the small sample size of patient
selection may not fully represent the broader Iraqi

CML population, potentially affecting
generalizability.
RECOMMENDATIONS

1-Include adherence monitoring to evaluate the
impact of compliance on treatment outcomes.

2- Multi-center studies are essential to overcome
small sample size limitations, enhance
generalizability, and improve statistical power.
3-Investigate treatment resistance mutations and
their clinical correlates to guide precision therapy.
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