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Abstract 

Purpose: The prognosis of patients with chronic myeloid leukemia (CML) has 

significantly improved with the introduction of Imatinib. However, approximately 

30% of patients develop resistance or intolerance. This study aims to evaluate the 

molecular response to second-generation tyrosine kinase inhibitors (TKIs) and explore 

patient characteristics and treatment strategies in western Algeria. 

Materials and Methods: This retrospective analysis includes 422 CML patients 

treated over an 11-year period across seven hematology departments in western 

Algeria. 

Results: 422 patients received Imatinib as first-line therapy, however 45.3% 

experienced intolerance, and 54.7% developed resistance, leading 137 patients 

(32.46%) to switch to second line treatment. In this group of 137 patients, Major 

molecular response (MMR) was obtained in 22% of Dasatinib-treated patients, 11.4% 

attained a Deep Molecular Response (DMR), and one patient achieved a Completed 

Molecular Response (CMR). In contrast, 36% of patients receiving Nilotinib achieved 

MMR, 27.8% attained a DMR, and two patients reached CMR. 

A comparative analysis of mortality rates revealed a significantly higher incidence in 

the Dasatinib cohort (26%) compared to the Nilotinib cohort (4.9%) (p=0.002). 

Conclusion: Our findings indicate that Nilotinib demonstrates superior efficacy over 

Dasatinib in achieving higher molecular response rates, mitigating disease 

progression, and reducing mortality among CML patients in western Algeria. 
 

Keywords: Chronic myeloid leukemia, Dasatinib, Nilotinib, Tyrosine kinase 

inhibitor, Second line therapy. 
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1. Background 

Chronic Myeloid Leukemia (CML) is categorized as a myeloproliferative disorder, with a 

relatively low incidence rate estimated at around 1 to 2 cases /100,000 adults [1]. In Algeria, 

the reported incidence of CML in 2014 stood at 0,53 cases per 100,000 inhabitants, resulting 

in a total of 1030 cases. [2]. The Philadelphia chromosome (Ph), which results from a 

reciprocal translocation between chromosome 9 and 22, is a characteristic of CML, denoted as 

t(9;22), leading to the formation of the fusion gene BCR-ABL1 [3]. The persistently active 

BCR-ABL1 tyrosine kinase triggers a highly intricate signaling transduction pathway, 

resulting in a strong resistance to chemotherapy [4]. 

The introduction of BCR-ABL1-targeting tyrosine kinase inhibitors (TKIs) revolutionized 

CML management, ushering in a new era in oncology. With the approval of three successive 

generations of TKIs, a significant percentage of CML patients now achieve prolonged 

remissions and near-normal life expectancy. 

Despite the promising long-term outcomes achieved with Imatinib in the management of 

patients diagnosed with CML, it is noteworthy that approximately 30% of patients will 

ultimately require alternative treatment options. Amongst this patients cohort, two potent 

2GTKIs have demonstrated efficacy: namely, Nilotinib and Dasatinib [7]. As indicated in the 

guidelines of the  NCCN (National Comprehensive Cancer Network) and recommendations 

from the European Leukemia Net (ELN), clinical investigations involving 2G TKIs have 

consistently reported markedly profound and more rapid treatment responses [6]. 

In two phase II clinical trials of chronic-phase CML patients resistant or intolerant to 

Imatinib, approximately 50% achieved a CCyR with second-line Dasatinib or Nilotinib[8], the 

application of Nilotinib, Dasatinib, and Bosutinib as second line treatments has demonstrated 

effectiveness in attaining Major Molecular Response (MMR). 

Attaining a profonde molecular response in patients with CML, defined as MR4.5 (BCR-

ABL1 ≤ 0.0032% on the international scale) or MR4 (BCR-ABL1 ≤ 0.01% on the 

international scale), is crucial. This response is linked to improved overall survival and 

progression-free survival rates [10]. 

In Algeria, the introduction of ‘Imatib’ (manufactured by CIPLA-India) occurred in 2006. 

However, a subset of patients did not achieve optimal responses with first-line therapy or 
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experienced adverse effects. These patients were offered second-line treatment options, 

including TKIs such as Dasatinib and Nilotinib. 

Up to the present time, there is a lack of published studies conducted in Algeria that directly 

compare the response and outcomes of Dasatinib and Nilotinib as second-line treatments 

within a cohort of CML patients who demonstrate resistance/intolerance to Imatib from 

CIPLA-India. The primary objective of our study was to evaluate molecular responses, 

provide insights into patient’s characteristics, and describe treatment strategies employed 

among CML patients hailing from the northwestern region of Algeria. 

   

2.  Methods  

We carried out a retrospective analysis of 422 consecutive patients diagnosed with CML, who 

were under the care of seven hematological departments in western Algeria over an 11-year 

period, spanning from January 2007 to December 2017. Patient data were gathered from 

electronic medical records during their clinic visits. The assessment of molecular markers was 

conducted at various time intervals using real-time quantitative PCR, specifically employing 

the Applied Biosystems 7500 Real-Time PCR system [11], as per the guidelines provided by 

European Leukemia Net (ELN) [12]. Patients who began treatment with either Nilotinib or 

Dasatinib as their second line therapy were categorized into the respective dasatinib or 

Nilotinib cohorts.  

 

Statistical analysis  

We performed all statistical analyses using the statistical programming environment R (R 

Core Team, 2023) [13], and table generation was accomplished with utilization of the 

gtsummary package [14].  

Standard deviations, ranges, means, and medians were used to characterize numerical 

variables, whereas frequencies and percentages were used to characterized categorical 

variables. To compare continuous distributions between two paired groups, the Wilcoxon rank 

sum test was employed. Moreover, we utilized Pearson’s Chi-squared test, particularly when 

dealing with limited sample sizes, Fisher’s exact test, to assess the presence of significant 

associations between two categories. For predicting the probability of binary outcome and 

figuring out odds ratios (ORs) with their respective 95% confidence intervals (CIs), we 

employed a logistic regression model using maximum likelihood estimation. We computed 
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the Cox proportional hazard ratio (HR) and its associated 95% confidence interval (CI) to 

assess overall survival subsequent to treatment with Nilotinib or Dasatinib.  

 

2.1. Study design  

 

3. Results  

3.1. Baseline characteristics of patients and outcomes associated with the employment of 

second generation TKIs  

There were 422 patients overall between January 2007 and December 2017, receiving Imatib 

as their initial treatment. However, due to either intolerance (45.3%) or resistance (54.7%) to 

Imatinib, 137 patients (32.46%) necessitated a switch to a second line of tyrosine kinase 

inhibitors of the second generation (2GTKIs). Out of the 137 patients who were administered 

second line therapy, 41 (29.9%) were treated with Nilotinib, while 96 (70.1%) received 

Dasatinib. Table 1 provides a summary of the baseline demographic, clinical, and treatment 

characteristics. The median age of patients within the Nilotinib group was 36 years (Mean ± 

SD 39 ± 13), and in the Dasatinib group, it was 48 years (Mean ± SD 46 ± 13). The sex ratio 

was 0.95 in the Nilotinib cohort and 0.88 in the Dasatinib cohort. Notably, females were the 

predominant gender in both treatment groups. 
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Table 1: Patients' characteristics according to sex 

Characteristic N 
Overall 

N = 1371 

Female 

N = 721 

Male 

N = 651 

p-

value2 

Age 137    0.3 

Mean ± SD  44 ± 13 45 ± 13 43 ± 14  

Median  44 46 44  

Range  17, 80 17, 80 18, 67  

CML phase 137    0.053 

Accelerated  15 (11%) 4 (5.6%) 11 (17%)  

Blastic Phase  1 (0.7%) 1 (1.4%) 0 (0%)  

Chronic  121 (88%) 67 (93%) 54 (83%)  

Sokal score 137    <0.001 

High-risk  53 (39%) 17 (24%) 36 (55%)  

Intermediate  59 (43%) 38 (53%) 21 (32%)  

Low-risk  25 (18%) 17 (24%) 8 (12%)  

Eutos score 137    0.2 

High-risk  28 (20%) 12 (17%) 16 (25%)  

Low-risk  109 (80%) 60 (83%) 49 (75%)  

Death 137    0.5 

Lost to follow-up  3 (2.2%) 2 (2.8%) 1 (1.5%)  

NO  107 (78%) 58 (81%) 49 (75%)  

YES  27 (20%) 12 (17%) 15 (23%)  
1n (%) 
2Wilcoxon rank sum test; Pearson's Chi-squared test; Fisher's exact test 

 
 

3.2. Patient characteristics 

Regarding the prior Imatib therapy received before the switch to second-line treatment, 

noteworthy differences were noted between the Dasatinib and Nilotinib groups. In the 

Nilotinib cohort, a large percentage of patients transitioned to an alternative treatment 

regimen due to secondary resistance to Imatinib (61%) compared to the dasatinib cohort 

(52.1%). Conversely, in the Nilotinib group, a reduced patient population made a switch due 

to intolerance to (39%) in contrast to the dasatinib group, where 48% of patients switched for 

this reason. 

A greater percentage of patients within the Dasatinib cohort (21%) exhibited a low Sokal risk 

stratification at the time of their CML diagnosis, compared to the Nilotinib group (12%). 

Nevertheless, these differences did not reach statistical significance (p=0.4). Sokal risk 

stratification revealed that 39% of the entire cohort had a high risk, 43% possessed an 

intermediate-risk profile, while 18% exhibited a low risk profile (Table 2). In terms of patient 

gender, males are stratified into the high-risk category (55% vs. 24% for females p<0.001), 

while females are categorized within the intermediate-risk group. This same pattern was 
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observed when considering the EUTOS score, where males were assigned to the high-risk 

classification, while females were placed in the low-risk category. This trend holds true for 

both types of treatment under consideration (Figure 2). 

Table 2: Patients' characteristics according to 2nd Gen TKI 

Characteristic N 
Overall 

N = 1371 

Dasatinib 100-140 

mg 

N = 961 

Nilotinib 800 

mg 

N = 411 

p-

value2 

Age 137    0.002 

Mean ± SD  44 ± 13 46 ± 13 39 ± 13  

Median  44 48 36  

Range  17- 80 17- 80 19- 66  

Sexe 137    0.8 

Female  72 (53%) 51 (53%) 21 (51%)  

Male  65 (47%) 45 (47%) 20 (49%)  

CML phase 137    0.8 

Accelerated  15 (11%) 10 (10%) 5 (12%)  

Blastic Phase  1 (0.7%) 1 (1.0%) 0 (0%)  

Chronic  121 (88%) 85 (89%) 36 (88%)  

Sokal score 137    0.4 

High-risk  53 (39%) 37 (39%) 16 (39%)  

Intermediate  59 (43%) 39 (41%) 20 (49%)  

Low-risk  25 (18%) 20 (21%) 5 (12%)  

Eutos score 137    0.5 

High-risk  28 (20%) 21 (22%) 7 (17%)  

Low-risk  109 (80%) 75 (78%) 34 (83%)  

Death 137    0.002 

Lost to follow-up  3 (2.2%) 1 (1.0%) 2 (4.9%)  

NO  107 (78%) 70 (73%) 37 (90%)  

YES  27 (20%) 25 (26%) 2 (4.9%)  

OS YEARS 134    0.3 

Mean ± SD  4.41 ± 2.34 4.27 ± 2.32 4.73 ± 2.38  

Median  4.00 4.00 4.00  

Range  1.00- 10.00 1.00-10.00 1.00- 9.00  

2nd line treatment duration 134    0.3 

Mean ± SD  4.41 ± 2.34 4.27 ± 2.32 4.73 ± 2.38  

Median  4.00 4.00 4.00  

Range  1.00- 10.00 1.00- 10.00 1.00- 9.00  

Imatinib Intolerance or 

Resistance 

137    0.3 

Intolerance  62 (45%) 46 (48%) 16 (39%)  

Resistance  75 (55%) 50 (52%) 25 (61%)  

2nd line treatment response to 

2nd Gen TKI 

115    0.049 

Intolerance  17 (15%) 14 (18%) 3 (8.3%)  

MMR  30 (26%) 17 (22%) 13 (36%)  

MR4  2 (1.7%) 1 (1.3%) 1 (2.8%)  

MR4,5  7 (6.1%) 3 (3.8%) 4 (11%)  

MR5  10 (8.7%) 5 (6.3%) 5 (14%)  

CMR  3 (2.6%) 1 (1.3%) 2 (5.6%)  

Resistance  42 (37%) 34 (43%) 8 (22%)  

Treatment Refusal  2 (1.7%) 2 (2.5%) 0 (0%)  

Warning  2 (1.7%) 2 (2.5%) 0 (0%)  

3rd line treatment response to 

2nd Gen TKI 

29    0.4 

intolerance  2 (6.9%) 2 (7.7%) 0 (0%)  
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MMR  5 (17%) 4 (15%) 1 (33%)  

MR4  2 (6.9%) 1 (3.8%) 1 (33%)  

MR5  2 (6.9%) 2 (7.7%) 0 (0%)  

resistance  17 (59%) 16 (62%) 1 (33%)  

shortage  1 (3.4%) 1 (3.8%) 0 (0%)  

3rd line TKI 37    <0.001 

DASA 100-140 mg  4 (11%) 0 (0%) 4 (100%)  

Nilo 800 mg  33 (89%) 33 (100%) 0 (0%)  

Monitoring duration 2nd line 49    0.13 

Mean ± SD  13 ± 12 11 ± 10 18 ± 16  

Median  10 8 18  

Range  1- 60 1- 48 3-60  
1n (%) 
2Wilcoxon rank sum test; Pearson's Chi-squared test; Fisher's exact test 

 

3.3. Molecular response and outcome 

six months after initiating the second line therapy, a total of 96 patients receiving Dasatinib 

(22%) achieved a MMR, while 4 of them (11,4%) attained a deeper molecular response 

(DMR), characterized as MR4, MR4,5 and MR5 and one patient achieved CMR. However, 34 

patients (43%) were resistant and 14 (18%) were intolerant (table 2). 

In the Nilotinib cohort, after a minimum of 6 months following the initiation of second line 

therapy, 13 out pf 41 patients (36%) attained a MMR, 10 (27,8%) achieved a DMR, and two 

patients reached a CMR. Nevertheless, 8 patients (22%) exhibited resistance, and 3 (8,3%) 

experienced intolerance to the treatment. The disparities between the two cohorts were 

demonstrated statistically meaningful (p=0,049) (Figure 3). 

When assessing the attainment of the most favorable molecular response, the nilotinib group 

had the best outcome compared to Dasatinib, otherwise, we recorded the lowest percentages 

of patients resistant, and intolerant compared to the Dasatinib cohort. No significant 

differences were detected among males and females in the two groups (P=0,9) (Table 2). 
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Figure 1: frequency patients receiving 2nd Gen TKI according to disease scores and sex. A) according to Sokal 

score. B) according to Eutos score. 
2nd Gen TKI: Second Generation Tyrosine Kinase Inhibitors, Dasa: Dasatinib, Nilo: Nilotinib. 

3.4. Progression, and overall survival 

The median duration of post-treatment monitoring for patients in the Nilotinib cohort was 18 

(ranging from 3 to 60 months), whereas for those in the Dasatinib cohort, it was 8 months 

(ranging from 1 to 48 months). 

In the Nilotinib cohort, 4.9% of patients experienced disease progression, while in the 

Dasatinib cohort, a higher proportion, 10.4%, demonstrated disease progression. 

Regarding overall survival, patients administered Nilotinib exhibited a hazard ratio (HR) of 

0,84, 95% CI (0.58˗1.21), p = 0.31 in contrast to those receiving Dasatinib treatment 

indicating that the Nilotinib group has a slightly higher overall survival time compared to the 

Dasatinib group; nevertheless, it is noteworthy that these distinctions did not attain statistical 

significance (Figure 4). Otherwise, we noted a significantly disparity in mortality rates 

between the two groups, favoring the Dasatinib cohort, with a mortality rate of 26%, as 

opposed to the Nilotinib cohort, which had a notably lower rate of 4.9% (p=0.002). 73% of 

patients in the Dasatinib group were still alive at the time of assessment, compared to 90% of 

patients in the Nilotinib group.  
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3.4. The use of 2GTKIs Nilotinib and Dasatinib as a third line treatment option  

A double switch was observed in 27% of patients in our analysis, Nilotinib was prescribed to 

33 patients following the failure of Imatinib/Dasatinib, and 4 patients received Dasatinib after 

experiencing treatment failure with Nilotinib. 

With regard to the attainment of the optimal molecular response, the Nilotinib group exhibited 

superior outcomes when compared to the Dasatinib group, and these disparities were 

statistically significant (0,001). 51,4% had an intermediate Sokal risk score, 35,1% presented 

a high-risk score, while only 13,5% had a low-risk score.  

Three patients did not respond to the three TKIs first, second, and third-line treatment. 26 

(70,3%) of our patients were alive whereas 11 (29,7%) died. 

 

Figure 2: Treatment response of patients receiving treatment with 2nd Gen TK. 
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Figure 4: Overall survival of patients treated with 2nd generation TKI (Dasatinib or 

Nilotinib) 

4. Discussion 

We report the findings of our retrospective analysis, which included 137 consecutive patients 

suffering from CML in the western region of Algeria. These patients transitioned to second 

line treatment with either Nilotinib or Dasatinib.   

The primary objective of the current study was to evaluate the clinical outcomes associated 

with second line treatment in patients diagnosed with CML. 

 Our findings indicate that, when compared to patients receiving Dasatinib, those who were 

administered Nilotinib demonstrated a significantly elevated rate of attaining deeper 

molecular responses, precisely referred to as MR4, MR4,5 and MR5.  

Our study's results align with previous research, reinforcing the notion that patients receiving 

Nilotinib tend to achieve better treatment responses than those treated with Dasatinib [15]. 

Our findings were entirely consistent with the investigation conducted by Jorge Cortes et al. 

[16]. Additionally, Scalzulli et al. [17] reported no significant outcome differences based on 

the specific second generation TKIs utilized  , with a noted Major Molecular Response 

(MMR) incidence in 70% of cases. Similarly, Shah et al. [18] observed a Major Molecular 

Response (MMR) incidence of 46% after 7 years  in a cohort of 670 patients, further 

supporting the effectiveness of 2G TKIs in the management of CML.  
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Upon switching to secondary phase of treatment, patients within the Nilotinib division 

exhibited a decreased risk of disease progression in contrast to those in the Dasatinib cohort. 

Notably, this observation aligns perfectly with the investigation carried out  by Griffin and 

colleagues , emphasizing the consistency of our findings with existing research [18]. 

Conversely, Scalzulli and colleagues did not detect notable disparities in treatment outcomes.  

It is worth emphasizing that a restricted number of studies have investigated the outcomes 

related to achieving deep molecular responses in patients receiving second line treatment for 

CML. As far as our knowledge extends, this study represents the inaugural effort in Algeria to 

compare clinical outcomes among CML patients undergoing second line therapy with 

Nilotinib and those opting for Dasatinib. This novel research contributes valuable insights to 

the field of CML treatment in the Algerian context.  

In the present analysis, a greater number of patients in the Nilotinib group made the switch 

due to the development of secondary resistance to Imatib. In the latest revision of the IRIS 

trial, it was observed that 15% of patients exhibited resistance to Imatinib, while 10% 

experienced intolerance to the treatment. based on statistical data from the literature regarding 

the transition to second generation treatments, it is commonly observed that patients who 

switch due to resistance typically face a less favorable prognosis compared to those who make 

the switch due to intolerance. No significant disparities were identified among patients who 

transitioned to second line therapy due to either intolerance or treatment ineffectiveness, 

according to our findings. In 321 patients treated with Nilotinib after being treated with 

imatinib Kantarjian and colleagues [10] documented the findings from the MD Anderson 

Cancer Center group. Among the resistant patients, 55% achieved CCyRs, while 63% of the 

intolerant patients attained CCyRs, with an average follow-up duration of 2,8 months.    

The Sokal risk assessment demonstrated an elevated frequency of cytogenetic responses in 

patients with low or intermediate risk scores and extended event-free survival (EFS). These 

findings were consistent with observations from the IRIS trial and various real-word 

observations, including our smaller series, a greater percentage of patients in the Dasatinib 

group exhibited high Sokal risk scores. Another real-world investigation discovered that, 

when compared to Dasatinib, second line therapy with Nilotinib improved both life 

expectancy and the quality of life outcomes among patients with CML [20]. 

The Sokal risk stratification analysis in our study revealed that among the entire cohort, 39% 

of patients were categorized as high risk, 43% were placed in the intermediate risk category, 

and 18% were identified as having a low-risk profile. Interestingly, the findings from the 

study conducted by Scalzulli et al. [17] diverge significantly from our results. In their study, 
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merely 9% of the patients were categorized as high-risk category, while 40% fell into the 

intermediate-risk category, and 51% were classified as low-risk. These disparities in risk 

stratification between the two studies highlight potential differences in patient populations, 

treatment approaches, or other factors that may influence the distribution of risk categories 

among CML patients. Notably, when considering patient gender, a distinct pattern emerges. 

Specifically, a significant proportion of males were stratified into the high-risk category 

(55%), in stark contrast to females, where only 24% were classified as high-risk (p<0.001). 

Instead, females predominantly fell within the intermediate-risk group.  

This gender-based risk stratification pattern remained consistent when applying the EUTOS 

score, further illustrating that males were consistently categorized as high-risk, while females 

consistently occupied the low-risk category. These findings emphasize the influence of gender 

on risk stratification in this context. Notably, Griffin et al. [19] and Scalzulli et al. [17] did not 

identify any significant differences related to gender when assessing the Sokal risk score and 

EUTOS score. These findings contrast with our own study’s observations. These variations in 

results across studies underscore the complexity of factors that can impact risk assessment in 

CML patients and may be influenced by the specific characteristics of the study populations 

or methodologies employed. Further research may be required to better understand these 

discrepancies.  

 Cojbasic et al. [20] report that the age at the time of diagnosis can serve as a prognostic 

marker for predicting outcomes.  Scalzulli et al [17] report that elderly patients, aged over 65 

years, exhibited poorer survival rates (OS) and progression free survival (PFS). However, in 

our analysis, we did not identify a statistically significant different association between age 

and OS. Conversely, we observed a noteworthy dissimilarity in the mortality rate between the 

two groups favoring the Dasatinib cohort (p=0,002). 

The analysis of overall survival (OS) in our investigation suggested that patients receiving 

Nilotinib had a hazard ratio (HR) of 0,84 accompanied by a 95% confidence interval (CI) 

spanning from 0,58 to 1,21 and p-value of 0,31 (p=0,31) when compared to those treated with 

Dasatinib. This suggests that the Nilotinib group exhibited a slightly higher OS time 

compared to the Dasatinib group, although these differences did not reach statistical 

significance. These findings align with previous research [19], where Nilotinib-treated 

patients also exhibited a reduced estimated hazard of mortality in comparison to those 

receiving Dasatinib. Nonetheless, this disparity did not reach statistical significance (HR = 

0.46, p = 0.067). 
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Overall, in our investigation, approximately 27% of the patients transitioned to third line 

therapy with 2G TKIs as a result of resistance or intolerance. 33 patients in the Dasatinib 

cohort had to switch to Nilotinib as treatment of  third line, four patients within the Nilotinib 

cohort had been switching to 3rd line Dasatinib, two patients underwent a bone marrow 

transplant and one patient switched on bosutinib as third-line treatment. In order to increase 

patient survival for those with a high SOKAL score, monitoring is essential for an effective 

therapeutic approach. 26 (70,3%) of our patients were alive whereas 11 (29,7%) died. 

The present research was subject to several limitations due to its retrospective nature, reliance 

on medical records, and variations in data completeness and accuracy. These limitations 

included missing information in patient clinical reports, potential inaccuracies in the recording 

of medical background data by physicians, and a lack of uniformity in how patient 

information was documented across different hospitals. Additionally, in Algeria, molecular 

monitoring is not universally available to all patients, and mutational testing to refine 

treatment approaches was lacking. Consequently, the study was restricted to patients who had 

undergone at least one molecular monitoring in real-world clinical practice, further adding to 

the study’s limitations. 

 

5. Conclusions     

Our findings strongly suggest that Dasatinib and Nilotinib are viable treatment choices 

amongst CML patients who have experienced Imatinib treatment failure. These second-

generation TKIs are associated with increased rates of molecular response, reaffirming their 

effectiveness in CML management. Notably, compared to second-line Dasatinib treatment, 

Nilotinib therapy in the second line for patients experiencing CML may be correlated with a 

higher likelihood of attaining a DMR and a diminished risk of disease progression and low 

mortality rate. Further comprehensive studies are warranted to elucidate potential differences 

in the influence of different TKIs on the quality of life of and provide valuable insights for 

CML treatment decision-making in Algeria.   
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