
 ORCA – Online Research @
Cardiff

This is an Open Access document downloaded from ORCA, Cardiff University's institutional
repository:https://orca.cardiff.ac.uk/id/eprint/171604/

This is the author’s version of a work that was submitted to / accepted for publication.

Citation for final published version:

Aleem, Aamer, Shaheen, Naila A., Algahtani, Farjah, Jamal, Ahmed, Alkhudair, Nora, Alghafis, Mashail,
Iqbal, Zafar, Siti, Hajar Wan Zuki, Thomas, Abin , Alahmari, Bader, Salama, Hind, Gmati, Giamal,

Alzahrani, Mohsen, Alhejazi, Ayman, Alfayez, Mansour, Alrajhi, Abdullah, Marei, Mohammed A. and
Alaskar, Ahmed 2025. Discontinuation of tyrosine kinase inhibitor therapy and treatment free remission

(TFR) in chronic myeloid leukemia: Successful achievement of TFR in more than two-third of patients in a
real-world practice. Clinical Lymphoma, Myeloma and Leukemia 25 (1) , pp. 50-56.

10.1016/j.clml.2024.08.006 

Publishers page: https://doi.org/10.1016/j.clml.2024.08.006 

Please note: 
Changes made as a result of publishing processes such as copy-editing, formatting and page numbers may
not be reflected in this version. For the definitive version of this publication, please refer to the published

source. You are advised to consult the publisher’s version if you wish to cite this paper.

This version is being made available in accordance with publisher policies. See 
http://orca.cf.ac.uk/policies.html for usage policies. Copyright and moral rights for publications made

available in ORCA are retained by the copyright holders.



 

Journal Pre-proof

Discontinuation of Tyrosine Kinase Inhibitor Therapy and Treatment
Free Remission (TFR) in Chronic Myeloid Leukemia: Successful
Achievement of TFR in More Than Two-Third of Patients in a
Real-World Practice

Aamer Aleem , Naila A. Shaheen , Farjah Algahtani ,
Ahmed Jamal , Nora Alkhudair , Mashail Alghafis , Zafar Iqbal ,
Hajar Wan Zuki Siti , Abin Thomas , Bader Alahmari ,
Hind Salama , Giamal Gmati , Mohsen Alzahrani ,
Ayman Alhejazi , Mansour Alfayez , Abdullah Alrajhi ,
Mohammed A. Marei , Ahmed Alaskar

PII: S2152-2650(24)00310-0
DOI: https://doi.org/10.1016/j.clml.2024.08.006
Reference: CLML 2457

To appear in: Clinical Lymphoma, Myeloma and Leukemia

Received date: Jul 6, 2024
Revised date: Aug 13, 2024
Accepted date: Aug 14, 2024

Please cite this article as: Aamer Aleem , Naila A. Shaheen , Farjah Algahtani , Ahmed Jamal ,
Nora Alkhudair , Mashail Alghafis , Zafar Iqbal , Hajar Wan Zuki Siti , Abin Thomas ,
Bader Alahmari , Hind Salama , Giamal Gmati , Mohsen Alzahrani , Ayman Alhejazi ,
Mansour Alfayez , Abdullah Alrajhi , Mohammed A. Marei , Ahmed Alaskar , Discontinuation of
Tyrosine Kinase Inhibitor Therapy and Treatment Free Remission (TFR) in Chronic Myeloid Leukemia:
Successful Achievement of TFR in More Than Two-Third of Patients in a Real-World Practice, Clinical
Lymphoma, Myeloma and Leukemia (2024), doi: https://doi.org/10.1016/j.clml.2024.08.006

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2024 Published by Elsevier Inc.



Highlights 

 Discontinuation of TKI therapy and treatment-free remission (TFR) is a new goal for 

chronic-phase CML. 

 

 Discontinuation of TKI therapy and successful TFR can be achieved in 40% to 60% of 

chronic-phase CML patients. 

 

 Limited data exist on safety and outcomes of this approach from developing countries. 

 Discontinuation of TKI therapy and successful TFR was safe and feasible in a real-world 

practice. 

 Longer TKI therapy after deep molecular remission may achieve successful TFR in more 

than two-third of patients.  
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Abstract: 

Background: Discontinuation of TKI therapy and treatment-free remission (TFR) have become 

new goals for chronic-phase chronic myeloid leukemia (CP-CML). The aim of this study was to 

estimate the TFR post discontinuation of TKI therapy at three tertiary-care centers.   

Patients and Methods: CP-CML patients aged ≥16 years who had an attempt to discontinue 

TKI therapy till June 2022, were eligible. The collected data included patients’ demographics, 

prognostic score, type and duration of TKI therapy, response dates, relapse dates, response to re-

initiation of TKI therapy, and risk factors for relapse.  

Results: Fifty-five patients (35, 63.6% females) with a median age of 40 (range 16-74) years at 

diagnosis discontinued therapy. Forty-eight (87.3%) patients received imatinib as first line 

therapy. Twenty-nine (52.7%) patients were receiving imatinib at the time of TKI-

discontinuation. Median time from diagnosis to TKI discontinuation was 86 months (IQR 

60;132) and median duration of TKI therapy after achieving DMR was 66 months (IQR 47;114). 

After a median follow up of 34 (IQR 12;68) months, 15 (27.3%) patients relapsed. Median time 

to relapse was 5 months (range 2-38). Most of the relapses occurred during the first 6 months 

except 3 (20%) patients. All the relapsed patients achieved MMR after a median of 3 (range 2-6) 

months after restarting TKI therapy. None of the patients progressed to advanced-phase. 

Conclusion: Our experience confirms that discontinuation of TKI therapy in CP-CML patients is 

feasible and safe in routine clinical practice, and can achieve TFR in more than two-third of 

carefully selected patients.  
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Introduction: 

Tyrosine kinase inhibitors (TKI) have revolutionized the management of chronic myeloid 

leukemia (CML). Majority of the CML patients in chronic phase (CP) receiving TKI therapy 

achieve a major molecular response and expect to have a life expectancy quite similar to the 

general population (1,2). With the achievement of this success, attention has been focused on the 

long-term toxicity of TKI therapy.  

Despite the success of TKIs in the management of CP-CML, their use is not without limitations. 

Although well tolerated, long-term TKI therapy can be associated with significant toxicity and 

symptom burden, leading to a compromised quality of life (3-5). There is increasing evidence 

that second- and third-generation TKIs can potentially cause significant morbidity and mortality 

(6,7). Moreover, the financial burden of lifelong TKI therapy can be substantial, both for the 

patients and the healthcare systems (8), and discontinuation of treatment may save significant 

amounts of money (9). As a result, considerable interest has emerged to explore the concept of 

discontinuation of therapy and treatment-free remission (TFR) for CP-CML patients.
 
TFR, 

defined as the maintenance of a major molecular response (MMR) or better following TKI 

discontinuation, represents a new therapeutic goal that could alleviate some of the drawbacks 

associated with continuous TKI therapy (10).
 

The Stop Imatinib 1 (STIM1) study showed that after a median follow-up of almost 6 years, 

nearly 40% of patients maintained a DMR, and established the concept of treatment 

                  



discontinuation (11). 
 
Subsequent clinical trials have provided similar results with imatinib and 

second-generation TKIs demonstrating that around 40-60% of CP-CML patients can achieve 

durable TFR after TKI discontinuation, without experiencing molecular relapse or progression 

(12-22). 

Although feasible, and being applied in clinical practice, real world experience with 

discontinuation of TKI therapy is still limited (23-27), particularly from the Middle East and the 

developing countries, and needs to be studied to explore the feasibility and safety of this 

approach. Moreover, it is also important to study different factors which may be associated with 

long term achievement of TFR or risk of relapse. Hence, the aim of this study was to assess the 

outcome of CP-CML patients who discontinued TKI therapy in routine clinical practice. 

 

Patients and methods:  

Patients’ data collection: All patients aged ≥16 years diagnosed with CP-CML and treated at 3 

tertiary care centers in Riyadh who had an attempt to discontinue TKI therapy to achieve TFR, 

were included. The centers which participated in this study included the Adult Departments of 

Hematology/Oncology at 1) King Khalid University Hospital, King Saud University, Riyadh; 2) 

King Fahad Medical City, Riyadh; and 3) King Abdulaziz Medical City, King Saud bin 

Abdulaziz University for Health Sciences, Riyadh. The criteria to stop therapy were according 

to the clinical Practice guidelines. Briefly, patients were required to have received TKI therapy 

for at least 24 months after achieving deep molecular response (DMR) i.e., BCR::ABL1 level of 

≤ 0.01 (MR4) or better on international scale (IS). Patients who discontinued therapy because of 

pregnancy or toxicity were also eligible. The study was approved by the institutional review 

                  



boards of all the participating centers. The requirement for written informed consent was waived 

because of the retrospective nature of the study. 

The collected data included demographic characteristics (gender, age), clinical characteristics 

i.e., prognostic score, SOKAL score, pre-TKI treatment (if any), type of TKIs used, duration of 

TKI therapy before discontinuation and type of molecular response, time to achieve major 

molecular response (MMR) after initiation of TKI therapy, relapse data including time to relapse 

and response to re-initiation of TKI therapy, and risk factors for relapse. 

Study definitions: MMR was defined as 3-log reduction (MR3) of BCR::ABL1 to ≤ 0.1%, MR4 

as 4-log reduction or BCR::ABL1 ≤ 0.01%, and MR4.5 as 4.5-log reduction or BCR::ABL1 ≤ 

0.0032%, on IS. Complete molecular response (CMR) was defined as no detectable 

BCR::ABL1 transcripts. TFR duration was calculated as the time between the date of TKI 

cessation and the date of restarting TKI therapy, or in case of no relapse, the date of last follow 

up. Molecular relapse was defined as loss of major molecular response (BCR::ABL1 > 

0.1%). Criterion to restart TKI therapy in relapsed patients was loss of MMR (BCR::ABL1 > 

0.1%).  

Statistical analysis: The categorical variables like gender and Sokal score were summarized 

using the frequency and percentages. The quantitative variables were summarized as mean and 

standard deviation, or median with ranges, and quartiles. Fisher exact test was used to assess the 

association of other variables with relapse. Wilcoxon's two-sample test was utilized for 

quantitative variables comparison. 

 

Results:  

                  



Patient Characteristics: Fifty-five patients (35, 63.6% females) with a median age of 40 

(range 16-74) years at diagnosis were included in the study. Median age at TKI discontinuation 

was 48 (range 21-80) years. Majority of the patients (48; 87.3%) received imatinib as the first 

line therapy and only 7 (12.7%) patients received a second generation TKI as initial therapy 

(dasatinib or nilotinib). Twenty-nine (52.7%) patients were receiving imatinib at the time of 

TKI-discontinuation, and 26 (47.3%) were receiving a second-generation TKI. The reasons to 

change imatinib to another (second generation) TKI were as follows: intolerance 8, resistance 4, and 

suboptimal response 7 patients. None of the patients received any pre-TKI treatment other than 

hydroxyurea as initial debulking therapy for short periods. Patients’ characteristics are 

summarized in table 1. 

Fifty-two (94.5%) patients discontinued TKI as per clinical practice (shared decision between the 

treating physician and the patient), and 3 (5.5%) stopped because of pregnancy; 2 patients 

remained in deep MR post-delivery and fulfilled the criteria to discontinue therapy so they were 

offered not to resume treatment. One patient who was in deep remission and stopped TKI 

therapy because of pregnancy, declined to restart TKI (dasatinib) after delivery although she had 

only 24 months of deep response, and continued to have deep remission after 91 months of 

follow up. 

One male patient requested to restart TKI therapy during increasing BCR::ABL1 ratio but before 

the loss of MMR. He restarted the same TKI and achieved CMR promptly. He was included in 

the relapsed patients’ group. 

Median time to achieve MMR after diagnosis was 12 (IQR 3;24) months. Median time from 

diagnosis to TKI discontinuation was 86 months (IQR 60;132) and median duration of DMR and 

                  



duration of TKI therapy after achieving DMR was 66 months (IQR 47;114). All the patients had 

achieved and maintained CMR during TKI therapy before discontinuation. 

Relapse data: After a median follow up of 34 months (IQR 12;68) post TKI-discontinuation, 15 

(27.3%) patients relapsed with an overall TFR rate of 72.7% (Figure 1). Median time to relapse 

was 5 months (range 3-38). Most of the relapses occurred during the first 6 months except 3 

patients who relapsed at 10, 11, and 38 months after TKI discontinuation. Characteristics of the 

relapsed patients are presented in table 2. 

More patients with intermediate- and high-risk Sokal score relapsed as compared to low-risk 

patients but this difference was not statistically significant (table 3). We also analyzed relapse 

rate according to duration of DMR of ≥ 60 months compared with DMR of ˂ 60 months, and it 

was not significant (table 3). All the relapsed patients achieved MMR after a median of 3 months 

(range 2-6) after restarting TKI therapy. The type of TKI resumed at the time of relapse was the 

same used at the time of discontinuation in all patients except one patient. None of the patients 

progressed to advanced phase.  

 

Discussion: 

Treatment free remission (TFR) has become an important goal in the management of CML. 

Although multiple clinical trials of TKI discontinuation in CML have been published, still the 

real-world data are scanty, particularly from outside of Western countries. It is important to study 

TFR in different patient populations to know the dynamics and outcome of TKI discontinuation. 

The results of the current study demonstrate that TKI discontinuation is feasible and safe in 

                  



routine clinical practice and TFR can be achieved in more than two-third of carefully selected 

patients. 

 

Various factors found to be associated with the risk of relapse include high Sokal score, shorter 

period of deep remission prior to TKI discontinuation, some laboratory markers like subset of 

lymphocytes, and the type of BCR::ABL1 transcript (7,8,19,28-31). None of these factors has 

been consistently associated with the risk of relapse, possibly due to different characteristics of 

patients in these studies. We did not find any of the parameters analyzed to be associated with 

the risk of relapse. Although more patients with intermediate and high Sokal score relapsed, it 

was not statistically significant when compared to low-risk patients. 

Deep molecular remission (DMR) and a longer duration of TKI therapy after achieving DMR 

have been some of the more consistent factors associated with achievement of higher TFR rates 

(32,33). Haddad et al reported that discontinuation of TKI therapy after a DMR of ≥ 5 years 

resulted in a 5-year TFR rate of >80% (32). A meta-analysis of 12 studies including ~1700 

patients showed that trials with molecular criteria of MR4.5 or better for stopping TKI reported 

higher TFR rates than those of MR4.0 (57.2% vs. 50.5%). Moreover, trials with eligibility 

criteria of at least 24 months of DMR duration demonstrated higher TFR rates than those for 18 

or 12 months (60.2% vs. 49.9%) (33). These reports indicate that a longer duration of DMR 

before TKI discontinuation, possibly more than 5 years, is likely to be associated with a higher 

probability of successful TFR. In the current study, majority of the patients had long duration of 

TKI therapy (median 66 months) after achieving DMR. Although, the above 2 factors were not 

significantly associated with achieving successful TFR, the most likely explanation of more than 

                  



two-third of our patients having successful TFR is the long duration of TKI therapy after 

achieving DMR in majority of the cases.  

In view of the several clinical trials, the National Comprehensive Cancer Network (NCCN) 

guidelines recommend TKI therapy for at least 3 years and a stable molecular response 

(≥MR4) for ≥2 years to be used as the criteria to consider before attempting TFR (11-

13,19,22,33-35). Our results reiterate that a longer duration of TKI therapy after achieving DMR 

can achieve successful TFR in more than two-third of patients (32-33,37). Moreover, some 

studies have shown no difference in the rate of TFR when imatinib was compared to second-

generation TKIs (32). More than half of our patients were receiving imatinib at the time of 

discontinuation of therapy. Our observations along with others’ (32-33, 40), may have important 

implications for CML patients in lower income countries receiving imatinib. Generic imatinib is 

cheaper and may be the only TKI available in some countries. Therefore, a number of CML 

patients who receive imatinib and achieve DMR, can expect to discontinue therapy and achieve 

successful TFR. 

In line with the results of other studies (11-13,19-22,33-34,37), most of the patients who failed 

TFR in the current study, relapsed during the first 6 months after TKI discontinuation, although 

late relapses were seen in some patients. In published literature, majority of the CML patients 

who discontinued therapy, relapsed during the first year, though late relapses have also been 

reported (32-34, 37-38). The possibility of late relapses in some patients mandates long-term 

surveillance and follow up of these patients. 

                                                              

Although our study has the limitations of being retrospective and including smaller numbers, it 

does show that successful TFR can be achieved in more than two-third of patients with longer 

                  



duration of TKI therapy after achieving DMR. This study, along with some other studies 

(13,27,31,39), suggest that a longer duration of TKI therapy is likely to yield better results and 

may overcome some of the poor prognostic factors like high Sokal score (32). 

Conclusion: Successful TKI discontinuation and TFR was achieved in more than two-thirds of 

carefully selected patients with longer duration of TKI therapy after achieving DMR. Despite the 

limitation of a retrospective study, our experience in this population confirms that 

discontinuation of TKI therapy in CP-CML patients is feasible and safe in routine clinical 

practice. 
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Table 1. Baseline demographics and clinical characteristics of CML patients who discontinued 

TKI therapy 

Table 2. Characteristics of the CML patients who relapsed after TKI discontinuation  

Table 3. Risk Factors of Relapse after TKI Discontinuation 

Figure 1. Treatment free remission of the 55 CML patients who discontinued TKI therapy 

 

 

 

Table 1. Baseline demographics and clinical characteristics of CML patients who 

discontinued TKI therapy 

Parameter Values (n=55) 

Female/Male 35/20 

Age (years) at CML diagnosis, median (range) 40 (16-74)  

Age at TKI stop, median (range) 48 (21-80)  

Sokal score, n (%) 
     Low 

     Intermediate 

     High 

     Not known 

 

15 (27.3) 

30 (54.5) 

9 (16.4) 

1 (1.8) 

First-line TKI, n (%) 
     Imatinib 

     Dasatinib 

     Nilotinib    

 

48 (87) 

4 (7) 

3 (6) 

Second-line TKI, n (%) 
None  

Nilotinib 

Dasatinib 

Imatinib 

 

29 (52.7) 

12 (22) 

8 (31) 

6 (11) 

Last TKI before discontinuation, n (%) 

Imatinib 

Nilotinib 

 

29 (52.7) 

14 (25.45) 

                  



Dasatinib 12 (21.8) 

Time (months) to achieve initial MMR, median (IQR) 12 (3;24) 

Total duration of TKI therapy (months), median (IQR) 86 (60;132)      

Duration of sustained DMR before TKI discontinuation, 

median (IQR) 
66 (47;114) 

Molecular response at discontinuation of TKI, n (%) 

   CMR 

 

55 (100) 

Follow up after TKI discontinuation (months), median 

(IQR)  

34 (12;68) 

TKI: tyrosine kinase inhibitor; MMR: major molecular response; DMR: deep molecular response; CMR: 

complete molecular response; IQR: interquartile range 

 

Table 2. Characteristics of the CML patients who relapsed after TKI discontinuation  

Parameter Values  

Number of patients relapsed, n (%) 15 (27.3) 

Median age (years) at relapse (range) 49 (21-70) 

Gender: Female/Male 8/7 

Sokal score 

    High 

    Intermediate 

    Low 

 

2 

11 

2 

Total duration (months) of TKI therapy, median 

(range) 

100 (52-182) 

Last TKI at discontinuation 

    Imatinib 

    Dasatinib 

    Nilotinib 

 

11 

2 

2 

Time (months) to relapse, median (range) 5 (3 – 38) 

Time periods of relapse (n = 15) 

     0-6 months 

     6-12 months 

     More than 12 months 

 

12 (80%) 

2 (13.3%) 

1 (6.7%) 

Time (months) to achieve MMR after re-initiation 3 (2 – 6) 

                  



of TKI, median (range) 

 

 

Table 3: Risk Factors of Relapse after TKI Discontinuation 

Parameter Unadjusted 

Odds Ratio 

95% Confidence Interval 

(lower limit- upper limit) 

p-value 

Age at diagnosis  

(≤40 years vs >40 years) 

1.48 0.45 – 4.89 0.521 

Gender 

(Male vs female)) 

0.51 0.15 – 1.72 0.276 

Sokal Score  

(low vs intermediate + high) 

3.25 0.64 – 16.60 0.238 

Time to achieve MMR 

(≤12 months vs >12 months) 

1.55 0.45 – 5.25 0.483 

Total duration of TKI treatment 

till discontinuation 

(86 months or less) 

1.20 0.37 – 3.97 0.761 

Duration of DMR (≥ 60 months 

vs ˂ 60 months) 

1.5 0.4 – 5.4 0.494 

 Probabilistic model is based on probability of having the relapse 

MMR: major molecular response; DMR: deep molecular response 

     

 

 

 

 

 

 

 

 

                  



 

Figure 1. Treatment free remission of the 55 CML patients who discontinued TKI therapy 

 

 

Clinical Practice points: 

 What is already known about this subject? Discontinuation of tyrosine kinase 

inhibitiors (TKI) and treatment free remission (TFR) has shown to be safe and feasible in 

clinical studies and can be achieved in 40% to 60% of CML patients. Less is known 

about the safety and feasibility of this approach in the real-world practice, particularly 

from limited-resource countries. 

 What are the new findings? This real-world retrospective study found that 

discontinuation of TKI therapy and TFR is safe and feasible in routine clinical practice 

and can be achieved in around 72% of chronic-phase CML patients. Although not 

supported by statistical significance, most of the patients in this study received long TKI 

                  



therapy after deep remission (all patients had achieved complete molecular response), 

usually more than 5 years. Majority of the patients (87.3%) received imatinib as the first 

line treatment and slightly more than half of patients were receiving imatinib at the time 

of TKI discontinuation. 

 How might it impact on routine clinical practice? Our study provides further 

reassurance to the physicians treating CML that discontinuation of TKI therapy is safe 

and feasible in routine clinical practice and TFR can be achieved in more than two-third 

of patients who achieved deep remission and received longer TKI therapy. Generic 

imatinib is cheaper and a number of CML patients receiving imatinib can expect to 

discontinue therapy making this approach feasible and practical in many resource-

constrained countries. 

 

Microabstract:  

 

Discontinuation of TKI therapy and treatment free remission (TFR) was evaluated in chronic-phase CML 

patients in a real-world practice. This study showed that discontinuation of TKI therapy was safe and 

feasible in routine clinical practice and successful TFR was achieved in more than two-thirds of carefully 

selected patients with longer duration of TKI therapy after attaining deep molecular remission. 

 

 

 

 

 

 

 

 

                  


