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CML: SUCCESS BREEDS MORE SUCCESS

     TKI dis con tin u a tion in CML: how do we make 
more patients eli gi ble ?  How do we increase the 
chances of a suc cess ful treat ment - free remis sion ?  
     Andreas   Hochhaus  and  Thomas   Ernst  
 Klinik f ü r Innere Medizin II, Universit ä tsklinikum Jena, Jena, Germany 

   Treatment - free remis sion (TFR) is a new and sig nifi   cant goal of chronic mye loid leu ke mia man age ment. TFR should be 
con sid ered for patients in sta ble deep   molec u lar response (DMR) after care ful dis cus sion in the shared deci sion - mak ing 
pro cess. Second - gen er a tion tyro sine kinase inhib i tors (TKIs) improve the speed of response and the inci dence of DMR. 
Treatment may be changed to a more active TKI to improve the depth of response in selected patients who have not 
reached DMR. Stem cell per sis tence is asso ci ated with active immune sur veil lance and acti va tion of BCR - ABL1 - inde-
pen dent path ways, eg,  STAT3 ,  JAK1 / 2 , and  BCL2 . Ongoing stud ies aim to prove the effi  cacy of main te nance ther a pies 
targeting these path ways after TKI dis con tin u a tion.  

   LEARNING OBJECTIVES 
   •    Review the options for achiev ing deep molec u lar remis sion in CML patients, with the pos si bil ity of discontinuing 

ther apy and stay ing in long - term treat ment - free remis sion, which is equiv a lent to an oper a tional cure 
  •    Discuss the biol ogy of persisting leu ke mic stem cells as the ori gin of relapse 
  •    Def ne the mech a nism of action of exper i men tal ther a pies to erad i cate or silence resid ual leu ke mia  

    Introduction   
 A sig nif   cant pro por tion of chronic mye loid leu ke mia (CML) 
patients achieve a deep molec u lar response (  DMR) with 
tyro sine kinase inhib i tor (TKI) ther apy def ned as resid ual 
  BCR - ABL1 tran script lev els of at least MR4 on the inter na-
tional scale (IS). The speed of response is faster, and the 
inci dence of DMR at spe cif c time points is higher under 
treat ment with sec ond - gen er a tion inhib i tors (2G - TKIs) 
than with imatinib. 1  

 An attempt to discontinue ther apy can be con sid ered 
after the achieve ment and long - term main te nance of DMR. 
The con cept was established with the Stop Imatinib 1 (STIM1) 
trial. After a median fol low - up of 77 months after stop ping 
TKI ther apy, 38 %  of patients maintained a molec u lar remis-
sion. In this trial, patients were eli gi ble for treat ment dis-
con tin u a tion with neg a tive results of a sen si tive quan ti ta tive 
reverse tran scrip tase poly mer ase chain reac tion (qRT - PCR) 
sustained for 2 years before stop ping. 2,3  After this inno va-
tive pilot study, mul ti ple tri als were conducted, each with 
dif fer ent entry cri te ria and def   ni tions of relapse, prompt-
ing a restart of TKIs. Concurrently, PCR meth od ol ogy and 
def   ni tions of PCR sen si tiv ity were stan dard ized in order to 

har mo nize rec om men da tions for treat ment dis con tin u a tion 
and increase the safety of stop ping pro ce dures. 4,5  

 As a mul ti cen ter aca demic approach, the Euro pean 
Stop Kinase Inhibitor (EURO - SKI, NCT01596114) study ana-
lyzed 755 patients with sim i lar over all results. The min i mum 
require ments for stop ping in most stud ies were a dura tion 
of TKI ther apy of at least 3 years and a sustained DMR of at 
least 1 year. 6  

 In gen eral, about 50 %  of patients will relapse, regard less 
of the TKI used. Most molec u lar recur rences occur within 
the f rst 6 months after TKI dis con tin u a tion. However, treat-
ment dis con tin u a tion is safe if eli gi ble patients are care-
fully selected, and high - qual ity stan dard ized qRT - PCR is 
employed. The avail  able data and pro ce dures required 
should be discussed with the patient. Some patients eli-
gi ble for treat ment - free remis sion (TFR) may pre fer to 
remain on their cur rent treat ment. A loss of major molec u lar 
response (MMR; BCR - ABL1    >    0.1 %  IS) has been established as 
the trig ger for restarting ther apy. 5,7  However, con sid er ing 
that the rate of DMR in a newly diag nosed patient on cur-
rent treat ment options is about 40 %  and the chance for sta-
ble TFR is about 50 % , the over all chance of long - term TFR is 
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only 20% for a CML patient newly diagnosed in 2021. In addition, 
the cost of TKI therapy is a significant problem for patients and 
the health system in general. Hence, it is crucial to increase the 
rate of durable DMR and to convert DMR into functional cures, 
defined as nonrecurrence of active CML after stopping TKIs.8

CLINICAL CASE
Our patient is a 27-year-old woman, a teacher, diagnosed with 
chronic-phase CML in May 2017. Calculation of the EUTOS long-
term survival score revealed low-risk disease. Cytogenetics dem
onstrated the involvement of 3 chromosomes, 46,XX,t(1;9;22)
(q25;q34;q11), but multiplex PCR revealed a typical e14a2 BCR-
ABL1 transcript. Using next-generation sequencing, no BCR-ABL1-
independent mutations were detected.Spleen size was normal, 
and no medication or concomitant diseases were reported. There 
was a strong desire to establish a family in the coming years. We 
thoroughly discussed with the patient the diagnosis, treatment 
options, goals of therapy, and risks and benefits of each treat
ment option. Shared decision-making led to the conclusion to 
start nilotinib 300 mg twice daily in June 2017. Treatment was well 
tolerated; the only side effect was a grade 1 facial exanthema. 
Blood counts normalized within 4 weeks. BCR-ABL1 transcript lev
els in peripheral blood were measured in a specialized lab stan
dardized for sensitive quantification according to the IS:

	 September 2017: 3.2%
	 December 2017: 0.41%
	 March 2018: 0.23%
	 June 2018: 0.072%
	 December 2018: 0.015%
	 June 2019: 0.0030%
	 September 2019: 0.0015%
	 December 2019: 0.0023%
	 March 2020: 0.0010%
	 June 2020: 0% with 96 000 ABL1 transcripts (MR4.5).

At this stage, 3 years after the start of therapy, the patient 
requested that therapy be discontinued.

Clinical experience
The prospective, nonrandomized EURO-SKI was designed to de-
fine optimal conditions for treatment discontinuation. Sixty-one 
sites in 11 European countries participated. Eligibility criteria 
included chronic-phase CML, TKI treatment for at least 3 years 
(without treatment failure according to European LeukemiaNet 
recommendations), and confirmed MR4 or better for at least 1 
year. The primary end point was molecular relapse-free survival, 
defined as survival without a loss of MMR. Secondary end points 
were the analysis of prognostic factors affecting MMR mainte
nance and the economic impact of stopping therapy. Molecu-
lar relapse-free survival was 61% and 50% at 6 and 24 months, 
respectively. In the prognostic analysis of patients who received 
first-line imatinib therapy, longer treatment duration and longer 
DMR duration were advantageous for maintenance of MMR over 
a period of six months. Treatment discontinuation did not result 
in serious adverse events. For study participants, the overall cost 
savings were estimated at about €22 million.6

Confirmation of loss of MMR with a second PCR is not recom-
mended and could delay restarting therapy. Almost all patients 
with molecular recurrence regain their initial MR level after a TKI 
restart. The choice of TKI for the restart depends on the previous 
tolerability, comorbidities, risk of long-term toxicity, and expecta
tions toward a second TFR attempt. So far, very few of the thou
sands of patients in TFR trials have had unfavorable outcomes. 
There are occasional reports of progression to blast phase, but 
it is uncertain whether TKI discontinuation contributed to the 
underlying biology of progression. Irrespective of higher eligibility 
rates for TFR studies with second-generation TKI, the probability 
of maintaining TFR has been about 50% after nilotinib or dasatinib 
therapies, similar to the results after stopping imatinib.9-13

The French RE-STIM trial investigated the outcome of second 
or subsequent TFR attempts. Seventy patients who regained 
DMR after molecular recurrence after the first TKI discontinuation 
stopped treatment for a second time. The proportion of patients 
without molecular recurrence was 35% at 36 months after the 
second TKI discontinuation. RE-STIM data actually suggest that 
patients in TFR losing MMR have a lower chance for a success
ful second TFR attempt than patients with molecular recurrence 
according to the original STIM definition (positive PCR).14

Patients’ perspective
In general, recommendations for safe discontinuation and treat
ment restart are well established and published. However, the 
experience of patients with regard to their decision about TFR 
and their needs during TFR are widely unknown. Using a survey, 
international patient advocates sought to check the patient per
spective, to identify areas of unmet needs, and to create recom
mendations for improvements. Fear or anxiety during treatment 
discontinuation were reported by 56% of patients, but only 7% 
of patients were asked about their needs for psychological sup
port. After treatment restart, 59% of patients felt scared or anx
ious, and 56% felt depressed. Twenty-six percent of reinitiated 
patients received psychological and/or emotional support. Six-
ty percent of patients experienced withdrawal symptoms after 
treatment discontinuation. However, 40% of patients with with
drawal symptoms reported a lack of support from their physician 
in symptom management. Hence, the monitoring of psycholog
ical consequences before, during, and after TFR should be con
sidered.15

Musculoskeletal and/or joint pain starting a few weeks or 
months after TKI discontinuation has been observed in about 
25% of patients. This TKI withdrawal syndrome is likely based on 
a release of off-target effects of the TKI. In most cases symptoms 
are mild and transient, but some patients may require temporary 
anti-inflammatory treatment.16 Surveillance and symptomatic 
treatment of withdrawal symptoms should be a priority during 
treatment discontinuation.15

Predictors of success
Various prognostic factors for a successful TFR have been re-
ported. Longer duration of TKI therapy and DMR and prior treat
ment with interferon alpha (IFNA) were identified as important 
predictors for successful TFR in EURO-SKI; of these, duration of 
DMR was shown to be the most important factor, corroborating 
data from a study in Japan.6,17 A Canadian TFR study revealed  
6 years of imatinib therapy and 4.5 years MR4 duration as opti
mal time frames for a successful TFR.18
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Age and sex have been reported to be associated with 
TFR in early studies.6 The Sokal score was reported to predict 
TFR outcome, eg, in the STIM study.2 However, the EURO-SKI 
study failed to demonstrate the predictive value of age, sex, 
and Sokal score for TFR in patients after first-line imatinib. A 
selection bias of patients on IFNA therapy prior to imatinib 
might play a role. Data published recently indicate that the 
BCR-ABL1 transcript type might influence TFR outcome, with 
a lower incidence of relapse in patients and e14a2 compared 
to e13a2.19

So far, the duration of first-line nilotinib or dasatinib therapy 
has not been found to affect the probability of TFR success. The 
duration of DMR on second-line nilotinib was associated with 
successful TFR in ENESTop (Table 1).9,10,19

Differences in trial designs must be considered when results 
from various studies are compared: the proportion of successful 
TFR attempts is higher in studies that define disease relapse as 
loss of MMR than in those that specify loss of undetectable BCR-
ABL1 transcripts as the criterion. In addition, a deeper MR prior 
to treatment discontinuation may be associated with a better 
chance of successful TFR.17

CLINICAL CASE (Continued)
In June 2020, 3 years after starting therapy and 1 year in MR4.5, 
nilotinib therapy was discontinued. Grade 2 muscle and joint 
pain, responsive to acetaminophen and lasting about 4 weeks, 
were signs of a mild TKI withdrawal syndrome.

During follow-up, qRT-PCR revealed an increase of BCR-ABL1 
transcripts:

	 September 2020: 0.06% (IS)
	 December 2020: 0.15%.

Due to loss of MMR, treatment reintroduction was discussed. 
Good response and good tolerability of nilotinib was balanced 
against a second chance with an alternative TKI. The decision 
was made to commence dasatinib 100 mg/d, leading to a rapid 
decline of BCR-ABL1 transcripts:

	 March 2021: 0.0020%.	
	 June 2021: 0% with 290 000 ABL1 transcripts (MR5).

A bone marrow aspiration was performed to quantify per-
sisting stem cells on a genomic level and to characterize their 
environment. The optimal duration of TKI treatment for the sec
ond attempt of TFR is unknown. The inhibition of BCR-ABL1-inde
pendent pathways responsible for stem cell persistence and for 
activation of immune surveillance is a leading topic in current 
research.

Analyzing persistent stem cells
In several studies, highly sensitive DNA-based BCR-ABL1 PCR 
demonstrated persistence of the CML clone in most patients 
with negative qRT-PCR, indicating low BCR-ABL1 expression in 
persisting CML stem cells. The detection of the patient-specific 
genomic BCR-ABL1 break point requires a DNA sample collected 
at diagnosis.20-22 The analysis of bone marrow vs peripheral 
blood for this purpose is ongoing.23

Table 1. Predictive data of eligibility and stability of TFR19,39

Parameter Impact on eligibility for TFR Impact on stability of TFR Study examples

Prognostic score DMR more frequent in low-risk 
patients

TFR more stable in low-risk 
patients; risk of relapse high in 
high-risk patients

STIM, STIM2, ENESTfreedom, 
TWISTER

TKI type DMR more frequent with 2G-TKIs 
vs imatinib

No major difference

Initial slope of BCR-ABL1  
transcript decline or  
“halving time”

Probability of DMR better in 
patients with EMR

No major difference

MMR at 12 months Probability of DMR better in 
patients with MMR

No major difference

Type of BCR-ABL1 transcript DMR more likely in patients with 
e14a2 vs e13a2 (inconsistent)

TFR more stable with e14a2  
(inconsistent)

Mutations outside BCR-ABL1 MMR and DMR more likely in 
patients lacking BCR-ABL1- 
independent mutations

Data still immature

Duration of DMR Longer DMR predictive EURO-SKI

Level of MR before stop Probably yes; undetectable  
BCR-ABL1 predictive

EURO-SKI, ENESTfreedom

Duration of TKI therapy Inconsistent, overlapping with 
duration of DMR

STIM

Proportion of natural killer cells Reduced risk of relapse after 
imatinib and dasatinib but not 
after nilotinib

EMR, early molecular response.
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In a European study, DNA and mRNA BCR-ABL1 levels by quan
titative PCR and by digital PCR were compared. A good corre
lation was found at BCR-ABL1 transcript levels above MR4; the 
correlation was poor for samples taken in DMR. A combination 
of genomic and RT-PCR was able to better predict molecular 
relapse-free survival after TKI stop.24

Leukemic stem cells are CD34+/CD38−, but this phenotype 
is not exclusive to CML. Dipeptidyl peptidase-4 (CD26) may 
represent a specific marker for CML stem cells.25 Using the 
CD34+CD38−CD26+ phenotype, a study identified CML stem cells 
circulating in the peripheral blood in the majority of patients in 
TFR after TKI discontinuation,26 which is, however, still conflict-
ing. Another study identified persisting leukemic stem cells in 
the bone marrow of patients in DMR, in contrast to the periph
eral blood.23 Further, CD93 expression has been consistently 
shown in a lin-CD34+CD38−CD90+ population with stem cell char
acteristics.27

Using fluorescence-activated cell sorting and genomic PCR, 
residual disease in TFR differed according to the cell lineage. 
BCR-ABL1 was identified predominantly in the lymphoid com
partment and never in granulocytes. B cells were more often 
BCR-ABL1+ than T cells. Lineage-specific assessment of persist-
ing disease prior to treatment discontinuation could improve the 
prediction of successful TFR.28

Innovative approaches
JAK, BTK
In TKI-resistant CML, STAT3 inhibition was able to reduce sur
vival of CML cells. Kuepper et al identified Jak1 but not Jak2 as the 
STAT3-activating kinase. The combination of BCR-ABL1 and JAK1 
inhibitors further reduced colony-forming units from murine CML 
bone marrow and human CML mononuclear cells as well as CD34+ 
CML cells. Combination therapy induced apoptosis even in quies
cent leukemic stem cells, suggesting JAK1 as a potential therapeu
tic target for curative CML therapies.29 Ruxolitinib, a dual JAK1/2 
inhibitor, combined with nilotinib may selectively decrease CML 
stem cells.25 A few early-phase studies testing the combination of 
BCR-ABL1 targeting TKIs with ruxolitinib were prematurely closed 
due to toxicity; others are still recruiting (Table 2). Fc gamma 
receptor IIb (CD32b) was shown to be critical in stem cell persis
tence. Hence, targeting FcγRIIb downstream signaling, eg, with a 
BTK inhibitor, provides a promising therapeutic approach.30

Table 2. Clinical trials to maintain TFR in addition to TKI

TIGER nilotinib ± peg-IFNA2b (phase 3) NCT01657604
PETALs nilotinib ± peg-IFNα2a (phase 3) NCT02201459

IFNA maintenance therapy
  TIGER peg-IFNA2b (phase 3) NCT01657604
  ENDURE pegylated-proline-IFNA2b (phase 3) NCT03117816

Checkpoint inhibitors
  ACTIW pioglitazone (phase 1), avelumab (phase 2) NCT02767063
  Dasatinib nivolumab (phase 1B) NCT02011945

JAK inhibition
  Preclinical data
  Nilotinib + ruxolitinib phase 1/2 NCT01914484
  Nilotinib + ruxolitinib phase 1 NCT02253277
  Nilotinib + ruxolitinib phase 1 NCT01702064
  ABL-TKI + ruxolitinib phase 2 NCT03610971
  ABL-TKI + ruxolitinib phase 2 NCT03654768

BCL-2 inhibition
  Preclinical data
  Dasatinib ± venetoclax phase 3 NCT02689440

BTK inhibition
  Preclinical data

BCL2
BCL2-related antiapoptotic proteins are expressed at higher levels 
in CML stem cells compared to normal stem cells. Inhibiting BCL2 
increases killing of CML stem cells by TKIs in models. Venetoclax 
combined with a TKI reduces the serial re-engraftment capacity 
of CML stem cells in mice better than a TKI alone. Thus, BCL2 inhi
bition may be another option for targeting persisting CML stem 
cells unresponsive to BCR-ABL1 TKIs.31,32 A randomized first-line 
study testing the impact of the addition of venetoclax to dasati-
nib in newly diagnosed CML patients is ongoing (NCT02689440). 
However, the impact of venetoclax on persistent stem cells should 
be tested in a maintenance format after achievement of DMR.

Immunotherapy
Numerous studies have revealed an association between cel
lular immune parameters and TFR, including higher numbers of 
natural killer cells and lower numbers of both T regulatory cells 

Figure 1. Innovative strategies to improve chances of treatment-free remission.



110  |  Hematology 2021  |  ASH Education Program

and CD86+ plasmacytoid dendritic cells. Cumulative results sug
gest an immunological control of persisting CML stem cells in 
patients with successful TFR.19,33

According to preclinical and clinical studies, IFNA was able 
to induce cytogenetic remissions in a minority of CML patients. 
Moreover, a small percentage of patients treated with IFNA sus-
tained durable remissions after discontinuing therapy. The mech
anisms behind this clinical observation are not well understood; 
activation of leukemia-specific immunity may be a key factor.34 
Treatment with IFNA permits the discontinuation of imatinib in 

most patients after prior imatinib/IFNA combination therapy and 
may result in improved MR. Induction of a proteinase 3-specific 
cytotoxic T-lymphocyte response by IFNA may contribute to this 
effect.35 Studies investigating the combination of IFNA with nilo-
tinib or dasatinib are ongoing.

In a phase 1 study, the combination of imatinib and ropegin-
terferon α2b was shown to be safe and resulted in a DMR in 
patients with chronic-phase CML who did not achieve a DMR with 
imatinib alone.36 Clinical trials exploring the impact of check
point inhibition include nivolumab as a programmed cell death 

Table 3. Recommendations for TFR

Parameter European LeukemiaNet 20205
National Comprehensive Cancer 
Network 202138

French Chronic Myeloid Leukemia 
Study Group 201839

Mandatory
  Age, phase of the disease, 

disease history
Adult patients, CML in first 

chronic phase only. No prior 
treatment failure.

Age ≥18 years. Chronic-phase CML. 
No prior history of accelerated 
or blast-phase CML.

Age ≥18 years. Chronic-phase CML. 
No prior history of allogeneic 
stem cell transplantation, pro
gression, resistance, suboptimal 
response, or warning.

Motivation, communication, 
information

Motivated patient with structured 
communication.

Patient’s acceptance of more fre
quent PCR tests after stopping 
treatment.

Consultation with a CML special
ist to review eligibility for TKI 
discontinuation and potential 
risks and benefits of treat
ment discontinuation, includ
ing TKI withdrawal syndrome. 
Discontinuation of TKI therapy 
should only be performed in 
consenting patients after a thor
ough discussion of the potential 
risks and benefits.

Adherence to monitoring and 
retreatment recommendations. 
Written information and instruc
tions may be provided.

  Molecular-monitoring infra
structure

Access to high-quality qRT-PCR 
using the IS with rapid turn
around of PCR test results

Access to a reliable quantitative 
PCR test with a sensitivity of 
detection of at least MR4.5 
(BCR-ABL1 ≤ 0.0032% IS) that 
provides results within 2 weeks.

Results should be available within 
2-3 weeks. Molecular biologists 
should be aware of TKI discon
tinuations in individual patients.

  Molecular-monitoring fre
quency

Monthly molecular monitoring for the first 6 months, bimonthly during 
months 7-12, and quarterly thereafter (indefinitely)

Monthly during the first half year, 
every 2 months. In the second 
half year, quarterly during the 
second year and then every 3 to 
6 months.

Minimal (stop allowed)
  Line of treatment First-line or second-line therapy 

if intolerance was the only rea
son for changing TKI

  BCR-ABL1 transcript type Typical e13a2 or e14a2 BCR-ABL1 
transcripts

Prior evidence of a quantifiable 
BCR-ABL1 transcript

BCR-ABL1 transcripts e13a2, e14a2, 
or e13a2/e14a2

  Duration of TKI therapy Duration of TKI therapy >5 years
(>4 years for second-generation 

TKI)

On approved TKI therapy for at 
least 3 years

TKI treatment duration ≥5 years.

  Duration of DMR DMR (MR4 or better) for >2 years Stable MR (MR4; BCR-ABL1 ≤ 0.01% 
IS) for ≥2 years, as documented 
on at least 4 tests, performed at 
least 3 mo apart.

DMR at least MR4.5.
DMR duration ≥2 years.
MR4.5 is confirmed in ≥4 consec

utive tests. At most 1 of the 4 
assessments showing an MR4 is 
accepted.

Optimal (stop recommended for consideration)

Duration of TKI therapy >5 years

Duration of DMR >3 years if MR4

Duration of DMR >2 years if MR4.5
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1 protein inhibitor in combination with dasatinib (NCT02011945) 
and avelumab as a programmed cell death 1 ligand 1 inhibi
tor combined with TKIs (ACTIW trial, NCT02767063; Table 2, 
Figure 1).37

In any attempt to enhance the stability of TFR, the anticipated 
effects should be balanced against the risk of additional side 
effects caused by the immune activation of the block of BCR-
ABL1-independent pathways.

Recommendations
The recommendations of the European LeukemiaNet panel, the 
National Comprehensive Cancer Network, and the French CML 
Study Group are summarized in Table 3.5,38,39

Certain requirements are crucial: the access to a reliable, sensi
tive, standardized qRT-PCR with rapid turnaround and a motivated 
patient who accepts more frequent PCR analyses. In general, 
chronic-phase patients in first-line therapy or in second-line after 
TKI intolerance should be considered. Data for patients after TKI 
resistance are still lacking. Standardized qRT-PCR requires specifi
cation of the BCR-ABL1 transcript type. For patients with atypical 
BCR-ABL1 transcripts, the term “individual molecular response” 
has been coined. Such patients could start TFR if DMR can be reli
ably quantified for this specific transcript (Table 3).40

CLINICAL CASE (Continued)
Our patient decided to continue dasatinib as a monotherapy. 
The treatment duration and the duration of DMR had been 
rather short prior to the attempted treatment discontinuation. 
Current guidelines recommend a treatment duration of at least 
4 years with a 2G-TKI and a DMR duration of at least 2 years in 
MR4.5 (Table 3).5 However, as a low-risk patient with a rapid 
MR to the first-line treatment, she has a good chance of main-
taining DMR and thus discontinuing therapy in about 3 addi
tional treatment years. The variant cytogenetic translocation 
does not have an impact on prognosis. The predictive impact 
of mutations outside BCR-ABL1 is the subject of ongoing coop
erative studies. 

In our clinical practice, we discuss the concept of TFR with 
chronic-phase CML patients prior to starting treatment. The dis
cussion of the goals of CML treatment and the selection of first-
line therapy should include the information that an optimal MR 
minimizes the risk of progression and maximizes the opportunity 
for discontinuing therapy. The prospect of TFR can serve as an 
additional motivator to optimize adherence to TKI therapy.19
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