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1. Introduction 

 Chronic myelogenous leukemia (CML) is a clonal stem cell disorder characterized by 

increased proliferation of myeloid elements at all stages of differentiation (1). 
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Abstract: 

Background: Chronic myelogenous leukemia (CML) is a clonal stem cell 

disorder characterized by increased proliferation of myeloid elements at all stages of 

differentiation. 

 Aim: To clarify the benefit of treatment cessation in CML patients by 

assessing the molecular relapse-free survival (MRFS) in CML chronic phase.  

Patients and methods: This retrospective study was carried out at Kasr Al-

Aini Center of Clinical oncology and Nuclear Medicine (NEMROCK) during the 

period from January 2015 to December 2022. 

Results: This study shows that using the ELTS score, 66.7% (80) patients were 

found in the in the low-risk category, 23.3% (28) in the intermediate-risk category, 

and 10.0% (12) in the high-risk group. This study shows that the event-free survival 

(EFS) at 4 years was 79.5% at 7 years was 43.5% with second line treatment (95% 

CI, 58.6-88.0). Other studies shows that Age, gender, baseline ELTS score, duration 

of TKI, type of TKI used, time to MR4.5, duration of MR4.5 were analyzed as 

potentially predictive factors for TFR durability. On univariate analysis, overall TKI 

duration in months and time to DMR at the time of treatment discontinuation was 

found to be predictive of TFR durability (p=0.011, 0.002 respectively). 

Conclusion: The study found that middle-aged patients with chronic Myeloid 

Leukemia have low-risk ELTS scores, with better outcomes compared to those with 

intermediate or high-risk scores. 
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 More than 95% of CML patients have a chromosomal abnormality, the Philadelphia chromosome 

which is a reciprocal translocation of the long arms of chromosomes 9 and 22, the t (9;22) (q34; 

q11). This aberrant chromosome encodes a fusion gene, BCR- ABL (2) . 

Before the 2000s, treatment strategy for CML was limited to interferon-alpha (IFN-alpha), 

chemotherapy, hydroxyurea and allogeneic stem cell transplantation which was the most efficient 

treatment strategy (3). 

 Later on, the treatment protocol completely changed with the introduction of Imatinib, being the 

first targeted therapy used in treating CML patients (4).  

First-line therapy options are first-generation (Imatinib) and second-generation (Nilotinib and 

Dasatinib) TKIs. Second-line therapy options consist of second-generation TKIs (Nilotinib, 

Dasatinib, and Bosutinib) and third-generation TKI, ponatinib, which is also used in third-line 

therapy as well as for patients with T315I mutation associated with pan-TKI resistance (5).  

The aim of this retrospective study was to assess Chronic phase CML treated at NEMROCK in the 

period from January 2015 to December 2022; Evaluating their demographic features, disease 

characteristics, molecular response status, and survival rate of chronic phase CML patients treated 

with different TKIs. In addition, to assess tolerance and compliance of the TKIs. 

Furthermore, it aims to clarify the benefit of treatment cessation in CML patients by assessing the 

molecular relapse-free survival (MRFS) in CML chronic phase. We will, also, try to find any 

predictive factors for sustained TFR in those patients to enhance the future patient selection criteria 

to stop their treatment. 

Patients and methods 

This retrospective study was carried out at Kasr Al-Aini Center of Clinical oncology and Nuclear 

Medicine (NEMROCK) during the period from January 2015 to December 2022.The study 

included all patients presenting in this period. The patient’s files were reviewed and extrapolation 

of data was performed.  

Inclusion criteria: Age ≥18 years, diagnosed as CML BCR-ABL fusion gene positive and in 

Chronic Phase (CP). 

Exclusion criteria: Presence of other primary malignancies, patient in accelerated phase and blast 

phase and received chemotherapy except hydroxyurea, underwent stem cell transplantation and 

Incomplete medical data. 

Methods 

In the present study it reviewed 136 patients diagnosed as chronic phase CML treated at 

NEMROCK in the period from January 2015 to December 2022. Patients with exclusion criteria 

were excluded from analysis, the only analyzable group with complete data are 120 patients. We 

reviewed and collected the following Data including: Demographic Data: Age, gender. Baseline 

patients’ characteristics: Co-morbidities included diabetes mellitus, hypertension, cardiac 

disease and others, disease related symptoms and splenic size in centimeter below costal margin. 

Laboratory evaluation: Complete blood count with differential, molecular assessment by Q-RT 

PCR. Risk classification: According to ELTS SCORE. TKI evaluation: All below mentioned 

data were checked for first, second and third lines: Type of TKI, dosage and duration of treatment, 



Radwa Refat Mohamed / Afr.J.Bio.Sc. 6(14) (2024)                                                Page 11974 to 10 

 

response (hematological, cytogenetic and molecular), toxicity, Interruptions (duration and causes) 

and loss of MMR. Primary outcomes (Most important measurable outcomes): Response to 

TKIs (Hematological and Molecular response). Secondary outcome parameters (Other 

outcomes to be assessed): Tolerance and compliance of different TKIs, discontinuation of TKI 

and treatment free remission (TFR) and overall survival was defined as the length of time from the 

date of diagnosis till the date of last follow up or death. Adverse events were assessed according 

to common terminology criteria for adverse effects (CTCAE) version 5.0 cancer institute N. 

common terminology criteria for adverse events (CTCAE) version 5.0; 2017. (cancer institute N. 

common terminology criteria for adverse events (CTCAE) version 5.0; 2017, 2017). 

Statistical Analysis 

Data were collected, revised, coded and entered to the statistical package for social science (IBM 

SPSS) version 27. The quantitative data were presented as mean, standard deviations and ranges 

when parametric and median, inter-quartile range (IQR) when data found non-parametric. Also, 

qualitative variables were presented as number and percentages. The comparison between groups 

regarding qualitative data was done by using Chi-square test and/or Fisher exact test when the 

expected count in any cell found less than 5. The comparison between two independent groups 

with quantitative data and non-parametric distribution were done by using Mann-Whitney test. 

Kaplan Meier analysis was used to assess the relation between overall survival and the other 

studied parameters using Log Rank Test. Cox regression analysis was used to assess the 

predictors of the probability that the event of interest has occurred at a given time t. The confidence 

interval was set to 95% and the margin of error accepted was set to 5%. So, the p-value was 

considered significant as the following: P-value > 0.05: Non-significant (NS), P-value < 0.05: 

Significant (S) and P-value < 0.01: Highly significant (HS). 

Results 

 

Figure (1): Gender distribution among the studied patients. 

Fig 1 shows that Patient’s age ranged from 19 to 67 years with a median age 36 years. Male patients 

were 39 (32.5%) and female patients were 81 (67.5%) with ratio 0.48:1. 
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Table (1): ELTS Score at diagnosis among the studied patients. 

Using the ELTS score, 66.7% (80) patients were found in the in the low-risk category, 23.3% (28) 

in the intermediate-risk category, and 10.0% (12) in the high-risk group (Table 1). 

Table (2): First line TKI response among the studied patients. 

 

First line 

Test value P-value Sig. Imatinib Nilotinib 

No. = 109 No. = 11 

Hematologic 

response 

No 2 (1.8%) 0 (0.0%) 
20.154* 0.09 NS 

Yes 107 (98.2%) 11 (100.0%) 

CHR 
Median (IQR) 2(1 – 2) 1(0 – 1) 

-1.973≠ 0.048 S 
Range 0 – 4 0 – 1 

PCR at 3 

months 

Optimal 64 (58.7%) 7 (63.6%) 
1.149* 0.284 NS 

Warning/failure 42 (38.5%) 2 (18.2%) 

PCR at 6 

months 

Optimal 44 (40.4%) 4 (36.4%) 

5.466* 0.065 NS Warning 52 (47.7%) 3 (27.3%) 

Failure 4 (3.7%) 2 (18.2%) 

PCR at 12 

months 

Optimal 42 (38.5%) 7 (63.6%) 

8.719* 0.013 S Warning 45 (41.3%) 0 (0.0%) 

Failure 12 (11.0%) 0 (0.0%) 

PCR 18 

months 

Optimal 61 (56.0%) 7 (63.6%) 

2.565* 0.277 NS Warning 22 (20.2%) 0 (0.0%) 

Failure 1 (0.9%) 0 (0.0%) 

PCR 24 

months 
Optimal 65 (59.6%) 7 (63.6%) 1.610* 0.447 NS 

Regarding the major molecular response (MMR), BCR-ABL1IS transcripts ≤0.1% at the 12 month 

of therapy, nilotinib group had significantly higher frequency of MMR. About 63.5% patients 

achieved MMR while only 38.5% patients in imatinib group achieved MMR (p = 0.013) (Table 

2). 

ELTS score 

Low 80 (66.7%) 

Intermediate 28 (23.3%) 

High 12 (10.0%) 
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Table (3): Relation between 2nd line type of TKI and 2nd line Major molecular response 

among the studied patients. 

 

Second line TKI 

Test value P-value Sig. Nilotinib Dasatinib 

No. = 35 No. = 6 

 MMR 
No 11 (31.4%) 4 (66.7%) 

3.958* 0.047 S 
Yes 24 (68.6%) 2 (33.3%) 

Loss of MMR 
No 12 (50.0%) 2 (100.0%) 

1.857* 0.173 NS 
Yes 12 (50.0%) 0 (0.0%) 

Time to MMR 

in months 

Median 

(IQR) 
59.84(54.9 – 70.08) 53.64(13.35 – 93.93) 

-0.096≠ 0.923 NS 

Range 0.89 – 109.45 13.35 – 93.93 

MMR 

Duration in 

months 

Mean ± 

SD 
56.36 ± 17.16 23.2 ± 24.32 2.378• 0.039 S 

Higher proportion achieved MMR as well as longer MMR duration in the nilotinib group than the 

Dasatinib. (p=0.047 and 0.039) (Table 3). 

Table (4): Event free survival (months) at 2nd line distribution among the studied patients 

Table 4 show that the event-free survival (EFS) at 4 years was 79.5% and at 7 years was 43.5% 

with second line treatment (95% CI, 58.6-88.0). 

Table (5): Molecular relapse-free survival in months distribution among the studied patients. 

Total N 

Molecular relapse-free  

survival in months 
95% CI Survival at 

Mean S.E Lower Upper 1 year 2 years 3 years 

40 40.361 4.664 31.219 49.504 78.8% 67.2% 51.0% 

 

Total No. 
EFS (months) 95% CI Survival at 

Mean S.E Lower Upper 1 year 4 years 7 years 

267 73.305 7.516 58.575 88.036 92.0% 79.5% 43.5% 



Radwa Refat Mohamed / Afr.J.Bio.Sc. 6(14) (2024)                                                Page 11977 to 10 

 

Table (6) Relation of Molecular relapse-free survival in months with demographic data and 

clinical presentation among the studied patients 

 
Total 

N 

No. of 

Events 

Molecular 

relapse-free  

survival in 

months 

95% CI Log Rank test 

Mean S.E Lower Upper X² P-value Sig. 

Age at 

Diagnosis 

< 35 years 19 9 33.66 4.97 23.93 43.39 

0.528 0.467 NS 

≥ 35 years 21 11 43.86 6.30 31.51 56.21 

Age at time 

of TFR 

< 40 years 18 10 32.693 4.64 23.59 41.79 

1.01 0.315 NS 

≥ 40 years 22 10 45.113 6.70 31.99 58.24 

Gender 

Female 32 16 42.028 5.18 31.87 52.18 

1.176 0.278 NS 

Male 8 4 24.409 2.77 18.98 29.84 

ELTS score 

Low 23 16 34.759 4.94 25.08 44.44 

0.529 0.467 NS Intermediate

/High 
11 4 18.802 2.52 13.86 23.74 

TKI at 

discontinuat

ion 

Imatinib 26 13 42.938 6.13 30.91 54.96 

0.179 0.672 NS 

Nilotinib 14 7 33.971 3.88 26.37 41.57 

Overall TKI  

duration in 

months 

< 70 months 18 9 25.67 4.60 16.66 34.67 

6.055 0.014 S 

≥ 70 months 22 11 48.10 5.48 37.35 58.84 

Time to 

MR4.5 

< 38 months 20 10 48.88 5.62 37.87 59.89 
8.633 0.003 HS 

≥ 38 months 20 10 21.696 2.65 16.49 26.90 

MR4.5 

duration 

< 30 months 21 8 53.671 5.98 41.95 65.40 
1.525 0.217 NS 

≥ 30 months 19 12 33.106 4.79 23.72 42.49 

Age, gender, baseline ELTS score, duration of TKI, type of TKI used, time to MR4.5, duration of 

MR4.5 were analyzed as potentially predictive factors for TFR durability. On univariate analysis, 
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overall TKI duration in months and time to DMR at the time of treatment discontinuation was 

found to be predictive of TFR durability (p=0.011, 0.002 respectively) (Table 5,6). 

Table (7): Final outcome among the studied patients. 

 Total No. = 120 

MR4.5 
No 47 (39.2%) 

Yes 73 (60.8%) 

Time to MR4.5 in months 
Median (IQR) 35.05 (23.9 – 63.02) 

Range 4.6 – 95.87 

MR4.5 duration in Months 
Median (IQR) 32 (21 – 49) 

Range 2 – 85 

Loss DMR (BCR-ABL1 IS transcripts) 
Median (IQR) 0.05 (0.04 – 0.1) 

Range 0.04 – 78 

TFR 
No 80 (66.7%) 

Yes 40 (33.3%) 

Last BCR-ABL1 IS transcripts 
Median (IQR) 0.09 (0 – 0.33) 

Range 0 – 78 

Status 
Alive 110 (91.7%) 

Dead 10 (8.3%) 

OS (months) 
Median (IQR) 92.22 (74.4 – 108.26) 

Range 10.68 – 183.72 

Relapse on 1st line 
No 57 (66.3%) 

Yes 29 (33.7%) 

EFS on 1st line (months) 
Median (IQR) 68.5 (46.03 – 82.45) 

Range 4.5 – 148.34 

Relapse on 2nd line 
No 14 (53.8%) 

Yes 12 (46.2%) 

EFS on 2nd line (months) Median (IQR) 57.58 (40.41 – 72.3) 

 

Discussion 

This study shows that Patient’s age ranged from 19 to 67 years with a median age 36 years. Male 

patients were 39 (32.5%) and female patients were 81 (67.5%) with ratio 0.48:1. 

The age range of patients in our study was between 19 and 67 years, with a median age of 36 years. 

This median age is notably younger compared to studies in Europe (55 years) and America (66 

years) as indicated Tardieu et al. (6).However, our study age was comparable to previous Egyptian 

reports ElNahass et al. (7). Likewise, studies conducted in Pakistan by. Syed et al. (8) and in 

Nigeria by Oyekunle et al. (9) reported median ages of 38 years and 37 years for patients with 

Philadelphia-positive CML, respectively. Furthermore, a study in Mexico by Ylescas‐Soria et al. 

10 reported a median age of 40 years for CML patients. This could be a result of Egypt's population 

pyramid, which leans towards a younger and expanding demographic. 

This study shows that Using the ELTS score, 66.7% (80) patients were found in the in the low-risk 

category, 23.3% (28) in the intermediate-risk category, and 10.0% (12) in the high-risk group.  
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The risk group distribution of the patients in our study showed predominance of low ELTS risk 

group (66%) and lower proportion of high ELTS risk (10%). This is in accordance with other 

studies as Specchia et al. (11) 

However, Elbedewy & Elashtokhy. (12) demonstrated a different distribution, with a lesser 

percentage of low-risk patients at 45.5%, and a higher proportion classified as intermediate risk at 

46.7%, with 7.8% of patients categorized as high risk. 

This study shows that regarding the major molecular response (MMR), BCR-ABL1IS transcripts 

≤0.1% at the 12month of therapy, nilotinib group had significantly higher frequency of MMR. 

About 63.5% patients achieved MMR while only 38.5% patients in imatinib group achieved MMR 

(p = 0.013).  

In our study, at 12 months of treatment, BCR-ABL1≤ 0.1% was observed in 42.4% of patients 

receiving imatinib which is considered optimal responders by the ELN 2020 guidelines Hochhaus 

et al. (5). This result is close to results of IRIS study in which the major molecular response (MMR) 

rate in 553 patients in the imatinib arm increased from 24% at 6 months to 39% at 12 months 

Deininger et al. (13). Machado et al. investigated 60 patients who had received imatinib as first 

or second line therapy and found this level of response in 40% of the patients Machado et al.14 

This study shows that Higher proportion achieved MMR as well as longer MMR duration in the 

nilotinib group than the Dasatinib. (p=0.047 and 0.039). 

Another real-life report by Tiribelli et al. (15) investigating second-line treatment in 163 CML 

patients found similar rates of MMR, 60%, for both nilotinib and dasatinib groups (p=ns). A 

comparable median time to achieve molecular response, PFS, and overall survival (OS) was noted 

However, in our study, higher proportion achieved MMR and durable MMR duration were noted 

in the nilotinib group than in dasatinib group (p=0.047 and p=0.03). This could be attributed to the 

very small number of patients received second line dasatinib (14%) in comparison to those 

received nilotinib (85%) in our study. 

This study shows that the event-free survival (EFS) at 4 years was 79.5% at 7 years was 43.5% 

with second line treatment (95% CI, 58.6-88.0). 

Shah et al.16, in 670 patients, reported MMR incidence with second line TKI at 7 years of 46%; 

in our smaller series, we reported MMR in 63.4% of cases with median follow up 55 months. 

However, they reported also an EFS and OS of 42% and 65%, respectively. This is similar to our 

outcomes where EFS at 7 year was 43.5%. 

These studies shows that Age, gender, baseline ELTS score, duration of TKI, type of TKI used, 

time to MR4.5, duration of MR4.5 were analyzed as potentially predictive factors for TFR durability. 

On univariate analysis, overall TKI duration in months and time to DMR at the time of treatment 

discontinuation was found to be predictive of TFR durability (p=0.011, 0.002 respectively). 

For patients attempting treatment free remission (TFR), the median age at the time of TKI 

discontinuation was 40 years (31.5 – 50.5). This result is similar to Samra et al. (17) median age 

for the study population was 36.5 years. However, the median age of another Egyptian study 

population was 51 years for the treatment free group Nafea. (18). The median age of patients in 

the STIM trial was 63 years (range 29-80) F.-X. Mahon et al. 19, 61 years in the STIM 2 study. 
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Baseline ELTS score was low in 23 (57.5%), intermediate in 11 (27.5 and high in 6 (15.0%) similar 

to Gabriel Etienne,50.0 % were low risk, 30.6 % intermediate risk, 13.3 % high risk and 6.0% 

unknown status Etienne et al. (20).  

The median duration of TKI therapy before discontinuation in our study was 87 months (range 44-

128), which slightly aligns with the duration observed in the TWISTER study (70 months), though 

it surpasses that of the STIM 1 study (58.8 months) and falls short of the median in the EURO-

SKI study (96 months). Across all these studies, including ours, a minimum TKI duration of 36 

months was required Ross et al.21, Mahon et al. 19, Saussele et al.22. 

Regarding the median period to achieve MR4.5 (deep molecular response), our study recorded 38.5 

(with a range of 4 – 88) months, which differs from the TWISTER study (30 months), the STIM 

Study (36 months), and the EURO-SKI study (64 months). It is similar to median duration of MR4.5 

found in Khazaal et.al, 37.5 months and in Samra et.al, 41 months Khazaal et al. (23), (Samra et 

al. (17). 

The molecular relapse-free survival was 67% at 2 years. This is comparable to KID study where 

median follow up was 27 months and TFR rate was 59% at 2 years Zang et al. (24). 

Conclusion and recommendation 

Our study revealed that patients with Chronic Myeloid Leukemia (CML) in the chronic phase, 

were primarily middle-aged individuals, with a slight female predominance and low-risk ELTS 

scores. Comorbidities such as diabetes mellitus and cardiac disease were associated with worse 

overall survival. Additionally, a correlation was observed between the ELTS prognostic risk score 

and treatment response, indicating that individuals with a low-risk score tended to have better 

outcomes compared to those with intermediate or high-risk scores. Patients received nilotinib as 

second line TKI had higher MMR rates although the size of our sample was limited. Ceasing TKIs 

in appropriately selected patients with stable Major Molecular Response (MMR) for a minimum 

of two years appears to be a safe strategy, with negligible impacts on survival or quality of life, 

and potential economic advantages, particularly in resource-limited settings. Nonetheless, 

meticulous patient selection and strict follow up are imperative for achieving favorable outcomes.  
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