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Treatment-free remission after stopping tyrosine kinase 
inhibitors in patients with chronic myeloid leukemia in 
chronic phase achieving major molecular response
Mohamed Hamdy Elsafty1*, M. Abdel Mooti Samra2, Mosaad Elgammal2, Rafaat Abdel Fattah2

INTRODUCTION
Chronic myeloid leukemia (CML) is a clonal disorder 
that is usually easily diagnosed because the leukemic 
cells of more than 95% of patients have a distinctive 
cytogenetic abnormality, the Philadelphia chromosome 
(Ph).[1,2] The Ph results from a reciprocal translocation 
between the long arms of chromosomes 9 and 22 
(t 9; 22) and is demonstrable in all hematopoietic 
precursors.[3] This translocation results in the transfer 
of the Abelson (ABL) on chromosome 9 oncogene 
to an area of chromosome 22 termed the breakpoint 
cluster region (BCR).[3] This, in turn, results in a fused 
BCR/ABL gene and in the production of an abnormal 
tyrosine kinase protein that causes the disordered 
myelopoiesis found in CML.[4]

A small subset of patients has BCR/ABL detectable 
only by reverse transcriptase-polymerase chain reaction 
(RT-PCR), which is the most sensitive technique 
currently available. Patients with RT-PCR evidence 
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of the BCR/ABL fusion gene appear clinically and 
prognostically identical to patients with a classic Ph 
positive; however, patients who are BCR/ABL negative 
by RT-PCR have a clinical course more consistent with 
chronic myelomonocytic leukemia, which is a distinct 
clinical entity related to myelodysplastic syndrome.[2,5,6]

The optimal frontline treatment for patients with 
chronic phase CML is the subject of active clinical 
evaluation but involves specific inhibitors of 
the BCR/ABL tyrosine kinase.[7] Tyrosine kinase 
inhibitors (TKIs) with greater potency and selectivity 
than imatinib for BCR/ABL have been evaluated in 
newly diagnosed patients with CML. In a randomized, 
prospective study of 846 patients comparing nilotinib 
with imatinib, the rate of major molecular response 
(MMR) at 24 months was 71% and 67% for two-
dose schedules of nilotinib and 44% for imatinib 
(P < 0.0001 for both comparisons). Progression to 
accelerated phase CML or blast crisis occurred in 
17 patients on imatinib (14%), but this progression 
occurred in only two patients (<1%, P = 0.0003) and 
in five patients (<1.8%, P = 0.0089), respectively, 
on two-dose schedules of nilotinib.[8] Similarly, in 
a randomized, prospective study of 519 patients 
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comparing dasatinib with imatinib, the rate of MMR 
at 12 months was 46% for dasatinib and 28% for 
imatinib (P < 0.0001). The rate of MMR at 24 months 
was 64% for dasatinib and 46% for imatinib 
(P < 0.0001). Progression to accelerated phase CML 
or blast crisis occurred in 13 patients (5%) on imatinib 
and in 6 patients (2.3%) on dasatinib (not statistically 
different).[8] Although one of these two studies showed 
statistically significant decreased rates of progression 
to accelerated or blastic phase, which may ultimately 
translate into improved survival, the follow-up period 
with nilotinib and dasatinib has not been long enough 
to detect and confirm this prolonged survival with 
these agents. The preferred initial treatment for newly 
diagnosed patients with chronic phase CML could 
be any of these specific inhibitors of the BCR/ABL 
tyrosine kinase.[9]

In patients achieved MMR, treatment cessation may be 
tried after application of certain criteria of the patient 
and the disease itself then to assess the treatment-
free remission (TFR) in those patients which means 
that the patient remains in MMR after stopping his 
treatment with TKI.[10,11]

There are many ongoing trials discussing this point 
in a trial to assess the efficacy of this maneuver and 
assessment also of any predictive factors of long-term 
remission without TTT.

Aim of the Work
The aim of our study is to clarify the benefit of 
treatment cessation in CML patients by assessing the 
disease-free survival in CML chronic phase patients 
who reached at least an MMR for at least 2 years after 
at least 3 years of the first-generation TKI treatment 
(imatinib), after stoppage of their treatment. This 
was assessed by regular follow-up of the patients 
after treatment cessation clinically and laboratory (by 
complete blood count [CBC] and PCR for BCR-ABL) 
every month during the study period.

We will, also, try to find any predictive factors for 
maintained TFR in those patients to enhance the future 
patient selection criteria to stop their TTT.

PATIENTS AND METHODS
This study was designed as a prospective study which 
aimed to clarify the benefit of treatment cessation in 
CML patients by assessing the TFR in CML patients 
who reached at least a MMR for at least 2 years by 
different TKIs, after stoppage of their treatment and 
to address the presence of any predictive factors that 
may affect the TFR.

Ethical Approval
All relevant national laws and institutional policies 
have been followed up in human use research, 

followed the principles of the Helsinki Declaration 
and approved by the Research Ethics Committee of 
the National Cancer Institute, University of Cairo.

Study population
Our study population was composed of adult 
patients with CML, chronic phase, on TKIs for at 
least 3 years and reaching continuous MMR for 
at least 3 years during 2016 and 2017 at Medical 
Oncology Department, National Cancer Institute, 
Cairo University. All patients were on imatinib with 
usual dose (400 mg daily) as first-line TKI treatment 
for at least 3 years without previous resistance to 
any TKI.

Data collection
A list of adult CML patients was retrieved from 
hospital-based information system at the National 
Cancer Institute (NCI), Cairo University, and also 
from the records of hematology outpatient clinic in 
the same institute during 2016 and 2017.

Patient data collected included
1. Demographic data
2. Clinical data and history
3. Laboratory, radiological, and pathological 

investigations
4. Treatment-related data
5. Response and outcome of treatment
6. Time-related data including:

• Date of diagnosis
• Date of starting TKI
• Date of last stable MMR
• Depth of MMR
• Date of stopping TKI.

Methods
After stopping the TKI, patients were subjected to the 
following:
1. Detailed history talking
2. Thorough clinical examination
3. CBC monthly during the follow-up period
4. PCR for BCR-ABL every monthly during the study 

period.

Outcome Measures
Patients were monitored prospectively and analyzed 
statistically for:
1. Loss of documented MMR
2. TFR
3. Correlation between the length and depth of MMR 

and the TFR
4. Correlation between the gender and age with the 

TFR.

Criteria of Restarting Treatment of TKI
1. Loss of MMR
2. Loss complete hematological response.
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After Relapse
The relapsed patients resumed the treatment with the 
same TKI (imatinib) within 1 month of relapse and 
regular physical examination was done every month 
and both CBC and PCR for BCR-ABL every 3 months 
during the follow-up period (1 year at least).

Statistical Analysis
A. Software used
Data were entered and analyzed using IBM-SPSS 
software for Windows (version 25).

B. Data expression
Qualitative data were expressed as frequency and 
percentage.

Quantitative data were initially tested for normality 
using Kolmogorov–Smirnov and Shapiro–Wilks tests 
with data being normally distributed if P > 0.050.

Quantitative data were expressed as mean ± standard 
deviation if normally distributed or median and 
interquartile range if not.

C. Data comparison
Qualitative data for two groups (2 × 2 table): 
Chi-square test (or Fisher’s exact test) was used.

Quantitative data between two groups: Independent 
samples t-test was used if data were normally 
distributed in both groups. The non-parametric 
alternative Mann–Whitney U-test was used if not.

D. Associations
1. Pearson’s correlation

 The Pearson product-moment correlation is used 
to determine the strength and direction of a linear 
relationship between two normally distributed 
continuous variables.
2. Spearman’s correlation

 The Spearman’s rank-order correlation is a measure 
of the strength and direction of the association/
relationship between two ordinal or non-normally 
distributed continuous variables.

3. Point-biserial correlation
 The point-biserial correlation is used to determine 

the strength of a linear relationship between one 
continuous variable and one nominal variable 
with two categories (i.e., a dichotomous variable). 
A coefficient value of 0 (zero) indicates no linear 
relationship between the two variables.

Survival Analysis
A. The Kaplan–Meier test
The Kaplan–Meier method (also known as the 
“product-limit method”) is a non-parametric method 
used to estimate the probability of survival past given 
time points (i.e., it calculates a survival distribution).

B. Logrank test
The survival distributions of two or more groups of a 
between-subjects factor can be compared for equality 
using logrank test.

C. Cox proportional hazard regression
A Cox regression model (which is also called a Cox 
proportional hazards regression) provides an estimate 
of survival time while adjusting for the effects of other 
explanatory variables (referred to as covariates in this 
type of model). For example, in predicting an event 
such as disease progression, factors such as age of the 
patient can be included in a Cox regression model. 
Compared to the Kaplan–Meier method, where only 
categorical variables can be used to predict the event, 
with the Cox regression analysis, a combination of 
categorical and/or continuous variables can be used to 
predict survival. In addition, Cox regression models 
can also manage censored data.

D. Significance level
For any of the used tests, results were considered as 
statistically significant if P ≤ 0.050.

E. Charts
Appropriate charts were used to graphically present 
the results whenever needed including pie chart, bar 
chart, error bar chart, and Kaplan–Meier curve.

Table 1: TKI period and length of MR

Variable Age category Z value P value

<40 years ≥40 years
TKI period 63.5 (50.5–95.8) 75.5 (58.3–116.8) −1.555 0.120
MR length 39 (31–50) 48 (31.3–64.3) −1.110 0.267
MR: Molecular response, TKI: Tyrosine kinase inhibitor

Table 2: TKI period and length of MR to the depth of MMR

Variable Molecular response Z value P value

Major Deep
TKI period 72.5 (53.8–110.8) 63.5 (53.3–94) −0.728 0.467
MR length 41 (29.8–58.8) 41 (37.5–61) −0.843 0.399
MR: Molecular response, TKI: Tyrosine kinase inhibitor, MMR: Major molecular response
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RESULTS
Demographic Data
According to our inclusion criteria, 54 patients supposed 
to be included in the study; however, four of them refused 
to stop TKI; hence, the total number of study population 
became 50 patients half of them are males (25). The 
median age of the study population was 36.5 (28–50.0) 
years, where the minimum age at the beginning of the 
study was 20 years and the maximum was 60 years.

Molecular Response (MR)
All our patients were in MMR, of them 16 (32%) 
patients were in deep MR (i.e., ≥MR 4.5).

TKI Period and Length of MR
Median period on TKI before stoppage was 69 (53.75–
104.5) months, while the median MMR period 
was 41 (31–58.75) months, with no statistically 
significant difference between the two age categories 
(< or ≥40 years) [Table 1].

There was also no statistically significant difference 
in TKI period and MR length between major and deep 
MR, i.e., no relation between TKI period or MMR 
length and the depth or MMR [Table 2].

Survival Analysis (TFR)
Of our group population (n = 50), 23 (46%) cases 
relapsed during the study period. All the relapsed 
cases had molecular relapse (loss of MMR) except 
1 case (4.34%) had hematological relapse. Testing 
TFR for the whole group (n = 50) using Kaplan–Meier 
test showed that cumulative survival is >0.5; hence, 
median TFR was beyond the study follow-up period 
(30 months) [Table 3 and Figure 1].

TFR in relation to age
Table 4 and Figure 2 showed that median TFR was 
8 months in those aged at least 40 years and beyond 

the study period in those aged <40 years, although the 
difference was not statistically significant (P = 0.353) 
[Table 4 and Figure 2].

TFR in Relation to MR
Table 5 and Figure 3 showed that median TFR was 
beyond the study period in the two groups. Hence, 
difference was not statistically significant (P = 0.967) 
[Table 5 and Figure 3].

Treatment-free remission in relation to sex
Table 6 and Figure 4 showed that median TFR was 
beyond the study period in the two groups. Hence, 
difference was not statistically significant (P = 0.854) 
[Table 6 and Figure 4]. Table 7 showed that none of 
the three studied variables predict TFR.

Comparison of 6-Month Progression Groups
Results showed that of the 23 relapsed cases, 
16 (69.5%) occurred during the first 6 months, while 
the rest of relapsed cases (7 cases) occurred during the 
second 6 months [Tables 8].

The relapse was not related (statistically) to age, sex, 
TKI length, MMR period, or depth of MMR (MR 4.5 
or other MMR types), so none of these variables can 
predict the TFR [Tables 8].

Last Available Response for the Relapsed Cases
From the total relapsed cases (n = 23), 21 (91.3%) 
regain their MMR after restarting TKI within 1 month 

Figure 3: Treatment-free remission in relation to molecular 
response

Table 3: Treatment-free remission in whole group

Events Censored Median survival time
23 (46%) 27 (54%) >Study period

Figure 1: Treatment-free remission in whole group

Figure 2: Treatment-free remission in relation to age
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Table 4: Treatment-free remission in relation to age

Group (years) n Events (%) Censored (%) Median survival time P value
<40 30 12 (40) 18 (60) >Study period 0.353
≥40 20 11 (55) 9 (45) 8

Table 5: Treatment-free remission in relation to MR

Group n Events (%) Censored (%) Median survival time P value
Major MR 34 16 (47.1) 18 (52.9) >Study period 0.967
Deep MR 16 7 (43.7) 9 (56.3) >Study period
MR: Molecular response

Table 6: Treatment-free remission in relation to sex

Group n Events (%) Censored (%) Median survival time P value
Male 25 11 (44) 14 (56) >Study period 0.854
Female 25 12 (48) 13 (52) >Study period

Table 7: Different variables in relation to treatment-free remission

Predictor B SE Wald P Hazard ratio
Age

<40 years
≥40 years

0.370 0.418 0.783 0.376 R
1.447 (0.638–3.283)

Sex
Male
Female

−0.073 0.418 0.031 0.861 R
0.929 (0.410–2.106)

MR
Major
Deep

 0.018 0.453 0.002 0.968 R
1.018 (0.419–2.476)

R: Reference category

Table 8: Relapse within 6 months

Variable 6-month progression P value

Yes (n=16) No (n=34)
Age (years)** 39.3±12.7 37.8±11.4 0.687
Age categories*

<40 years
≥40 years

8 (50%)
8 (50%)

22 (64.7%)
12 (35.3%)

0.322

Sex*
Male
Female

8 (50%)
8 (50%)

17 (50%)
17 (50%)

1.000

TKI period*** 70 (55.25–116.75) 64.5 (53.5–101) 0.382
MR length*** 44.5 (33–58) 40 (31–62.25) 0.909
Molecular response*

Major
Deep

10 (62.5%)
6 (37.5%)

24 (70.6%)
10 (29.4%)

0.567

Data are expressed as *frequency (percent), **mean±SD or ***median (interquartile range). P values were produced by *Chi-square test, **independent 
samples t-test or ***Mann–Whitney U-test. MR: Molecular response, TKI: Tyrosine kinase inhibitor

Figure 4: Treatment-free remission in relation to sex

of the relapse (the same initial TKI, i.e., imatinib) 
whether the remaining 2 (8.7%) cases still not in 
MMR till the end of follow-up period, but they show 
marked decline in BCR-ABL value by PCR.

DISCUSSION
In our study, we showed single-center experience 
about this emerging issue, TFR, on chronic phase 
CML patients in NCI. We found 54 patients eligible 
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to join our study during 2016 and 2017; however, 
only 50 of them accepted to join our study and to stop 
treatment, so the total number of study population 
became 50 patients which was an acceptable number 
in comparison to other studies discussed the same 
issue, for example, the first published pilot study was 
included only 12 patients,[12] which was followed by 
a multicenter study entitled “Stop Imatinib” (STIM) 
trial included 100 patients.[10,11] A nationwide survey 
in Japan identified 50 patients who had discontinued 
imatinib for at least 6 months, 43 of them were 
analyzed[13] and nearly the same number of patients 
was seen in the TWISTER study (40 patients).[14,15]

Half of the patients were male (25) and the other 
half were female, the same percentage was shown in 
STIM 2 trial[16] but differs from TWISTER study, in 
which only 37% of patients were male[14,15] and from 
the European Stop Kinase Inhibitor (EURO-SKI) 
trial which showed male predominance (58.5% of 
patients).[17,18]

The median age of the study population was 36.5 (28–
50) years, where the minimum age at the beginning 
of the study was 20 years and the maximum was 
60 years which is much younger than all other studies. 
For example, the median age of patients in STIM 
study was 63 years (range 29–80),[10] in STIM 2 was 
61 years,[16] 58 years for TWISTER study,[14,15] and 
53.3 years for EURO-SKI;[18] this may indicate the 
younger presentation of CML in our population.

All our patients were in MMR at least 2 years before 
stopping the TKI like all other studies discussing TFR 
which were recommended different degrees of MR. 
Median period on TKI before stoppage, in our study, 
was 69 (53.75–104.5) months nearly the same like 
in TWISTER study (70 months) but longer than that 
of STIM 1 study (58.8 months) and lesser than the 
median in EURO-SKI study (96 months), in all these 
studies, and in our one also, minimum 36 months on 
TKI is a must. While in our study, the median MMR 
period was 41 (31–58.75) months as compared to 30 
months in TWISTER Study, 36 months for STIM 
Study, and 64 months in EURO-SKI study.[10,14-16,18]

Of our group population (n = 50), 23 (46%) cases 
relapsed during the study period nearly the same 
like in EURO-SKI (47%)[18] and lower than some 
studies (61% in STIM and 53% in TWISTER)[10,14,15,19] 
and higher than that of STIM 2 (39% only).[16] All 
the relapsed cases had molecular relapse (loss of 
MMR), and this also what occurred in all other 
studies,[10,14-16,18,19] except one of our patient (4.34%) 
had hematological relapse.

Results showed that of the 23 relapsed cases, 
16 (69.5%) occurred during the first 6 months, while 
the rest of relapsed cases (7 cases) occurred during the 

second 6 months, this shown also in STIM trial when 
most of the relapses occurred during the first 7 months 
(58 of 61),[10,19] in STIM 2, the same noticed (45 of 
48 cases),[16] and in TWISTER, 15 relapses (of 22) 
happened during the first 6 months.[14,15]

The relapse was not related (statistically) to age, sex, 
TKI length, MMR period, or depth of MMR (MR 4.5 
or other MMR types), this also addressed in TWISTER 
study.[14,15] EURO-SKI study compared only the depth 
of MMR as a predictable value of TFR but found to 
be insignificant.[18] STIM study only assumed that 
both Sokal score and the TKI period are predictable 
variables for maintained TFR.[10,19]

From the total relapsed cases (n = 23), 21 (91.3%) 
regain their MMR after restarting TKI within 1 month 
of the relapse (the same initial TKI, i.e., imatinib) 
whether the remaining 2 (8.7%) cases still not in 
MMR till the end of follow-up period; however, in 
TWISTER, 19 (of 22) patients regain their MMR 
within 1–3 months (median 2) after resuming TKI.[14,15] 
In STIM trail, 56 (of 61) patients reach their MMR 
after reimatinib within median 4 months[10] and this 
seen in all relapsed patients in STIM 2 trial within 
4 months of reimatinib.[16]

Hence, our study, like others, concluded that the trial 
to stop TKI is a safe and effective maneuver that can 
be tried in selected patients with deep and durable 
MMR with minimal impact on patients’ survival or 
quality of life.

CONCLUSION
From our study, we can conclude that Cessation of 
treatment with Tyrosine Kinase Inhibitors (TKI) in 
adult Chronic myeloid leukemia (CML) patients in 
chronic phase with stable major molecular response 
(MMR) for two years at least is an effective practice 
that should be encouraged for all eligible patients 
to alleviate the treatment toxicities (both medical 
and financial) especially in developing countries. 
Careful patient selection will lead to better results 
and longer maintained remission, depending on the 
following criteria for Patients in chronic phase of the 
disease: Patients on TKI for at least 3 years. Patients 
in continuous MMR for at least 2 years. No previous 
resistance to TKIs. Patients can be kept on strict 
follow up. Rapid access to assure resume of treatment 
within one month of relapse. More studies still needed 
to improve the patients’ selection criteria for cessation 
of TKIs.
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