
C R I T I C A L R E V I EW

Tyrosine Kinase Inhibitor discontinuation in Chronic Myeloid
Leukemia: eligibility criteria and predictors of success

Elena Inzoli1,2 | Andrea Aroldi1,2 | Rocco Piazza1,2 | Carlo Gambacorti-Passerini1,2

1Department of Medicine and Surgery,

University of Milano-Bicocca, Milano, Italy

2Hematology Division and Bone Marrow Unit,

San Gerardo Hospital, ASST Monza, Monza,

Italy

Correspondence

Elena Inzoli, Department of Medicine and

Surgery, University of Milano-Bicocca,

Via Cadore 48, 20900 - Monza, Italy.

Email: inzoli.elena@gmail.com

Funding information

AIRC IG-2017 (#20112) to Carlo Gambacorti-

Passerini.

Abstract

TKI discontinuation proved to be safe and feasible in patients with CML with deep

and durable molecular responses, introducing an additional treatment goal for these

patients beyond overall survival. However, treatment interruption is a safe procedure

only with appropriate patient selection and monitoring. Clinical and biological factors

associated with better outcomes do not yet offer a precise stratification of patients

according to their risk of relapse. This article aims at reviewing the leading studies

present in the field in order to define eligibility criteria for discontinuation and predic-

tors of success.

1 | INTRODUCTION

The outcome of patients with chronic myeloid leukemia (CML)

drastically improved with the advent of tyrosine kinase inhibitors

(TKI).1 When properly used, they result in optimal cytogenetic

and molecular responses in most patients with CML and in a

life expectancy similar to that of age-matched individuals in the

general population.2,3 However, as for any lifelong pharmaco-

logical treatment, TKI may lead to chronic, mostly low-grade

adverse events (AEs) that can substantially impact patients'

quality of life, adherence to therapy, and, consequently, treat-

ment success.4,5

In addition to a normal life expectancy, the possibility of dis-

continuing treatment after achieving a sustained deep molecular

response has been added as a new goal for CML therapy. This condi-

tion, also known as Treatment-Free Remission (TFR), produces several

benefits for patients, such as a lower occurrence of drug-related AEs,

a cost reduction for patients and society, and a feeling of cure. Treat-

ment discontinuation assumes particular importance in special condi-

tions such as pregnancy.6

Until 2016 data were still insufficient to recommend treatment

discontinuation outside of well-designed, prospective, controlled

studies. Today TFR represents a new target of CML management,

which should be discussed with patients according to the more

recent international guidelines.7,8

This article will review recent literature and ongoing trials evaluat-

ing TFR in patients with CML and will discuss some unanswered clini-

cal and biological questions.

2 | CLINICAL TRIALS ON TKI
DISCONTINUATION

2.1 | Imatinib discontinuation

After a promising pilot study by the French CML group in

12 patients,9 the same group carried out STIM, the first prospective

trial of TKI treatment discontinuation in 100 patients. At 12 months

after the interruption of treatment, 41% were still molecularly nega-

tive.10 The long-term follow-up of the trial (STIM1 study) showed a

recurrence-free survival of 38% at 5 years,11 validating the prelimi-

nary hypothesis that most recurrences occurred in the first 6 months

after treatment discontinuation, an observation confirmed in virtually

all subsequent studies.12 It is important to note that in these initial

studies the eligibility criteria for interrupting treatment included the

absence of detectable disease (with a sensitivity of real-time
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quantitative polymerase chain reaction [RT-qPCR] of at least 5 logs,

MR5) sustained for 2 consecutive years, meaning at least five assess-

ments below the threshold during those 2 years (every 6 months).

Also, any confirmed positive PCR value was considered a relapse.

A few years later, an Australian trial (TWISTER study) produced

very similar results: approximately 40% of patients on imatinib with

sustained undetectable minimal residual disease (UMRD), confirmed

in the central laboratory with the new standardized detection limit of

≤0.0032% (MR4.5), could stop treatment without loss of molecular

response.13,14

Subsequent studies considered a limit of <0.01% (MR4), main-

tained for at least 12–24 months, as a response level sufficient to con-

sider discontinuation.15,16

The definition of recurrence also changed from the reappearance

of detectable transcripts to loss of major molecular response (MMR,

or a transcript level <0.1%) since the observation that some patients

may experience BCR-ABL1 transcript fluctuations during the off-

therapy period without showing a progressive increase in transcript

levels. Therefore, the A-STIM study first proposed loss of MMR as a

practical and safe criterion for therapy resumption, proving a TFR of

64% at 12 and 24 months and of 61% at 36 months, with 20% of

patients failing to maintain a complete molecular response without

losing MMR.17

The same recurrence criterion was applied in other trials,

obtaining similar findings: the ISAV study described a TFR rate of 48%

at 36 months,15 while the Korean KID trial reported a probability of

sustained MMR at 24 months of 59%.18 The table 1 summarizes the

main studies on TKI discontinuation.

2.2 | Second-generation TKI discontinuation

Second-generation TKIs (2G-TKI) induce a more rapid decline in BCR-

ABL1 transcript levels compared to imatinib in newly diagnosed

patients and faster development of deep molecular responses

(DMR).28–31

EURO-SKI was the largest prospective, non-randomized trial,

which enrolled 758 patients with CML at 61 European centers in

11 countries. After at least 3 years of TKI treatment (imatinib, nilotinib,

or dasatinib) and 1 year of sustained DMR, patients could discontinue

their treatment. Relapse-free survival was 61% at 6 months and 50% at

24 months, with similar results in patients treated with imatinib or 2G-

TKI.16 Another study that evaluated the safety and efficacy of stopping

dasatinib or nilotinib, used in the first or subsequent line, was the multi-

center observational STOP 2G-TKI trial. Sixty patients, who discon-

tinued treatment after 2 years of sustained MR4.5, maintained a TFR

of 63% and 54% at 12 and 48 months, respectively, again without sig-

nificant differences between the two drugs.21

Several additional studies were subsequently published. ENEST-

freedom evaluated 190 patients who were treated with nilotinib for

more than 3 years and obtained a sustained DMR for at least 1 year. At

48 weeks after discontinuation, 52% of patients remained in remission22;

this value decreased to 49% at 96 weeks.32 The first study to evaluate

TFR specifically in patients who achieved sustained DMR only after

switching from imatinib to nilotinib was the ENESTop trial: 58% and 53%

of 126 patients maintained TFR at 48 and 96 weeks, respectively.23

Other studies of TFR after second-line nilotinib (ENESTgoal and

ENESTpath) are still ongoing.33–35

The Japanese DADI trial examined discontinuation of second-line

dasatinib treatment in patients with CML who maintained a DMR for

>1 year. The estimated overall TFR rate at 36 months was 44%, but

the loss of DMR was defined as molecular relapse, thereby triggering

therapy resumption.24 More recent studies investigated TFR duration

also in first-line dasatinib treated patients.25,26 The DASFREE study

showed an overall 2-year TFR of 46%, 51% in first-line and 42% in

subsequent-line patients, with no difference in patients who were

either resistant or intolerant to first-line therapy.26

Discontinuation data on ponatinib and bosutinib are limited,

partly due to their more recent FDA approval, and in part, because

patients on ponatinib treatment are often resistant to several TKIs

and have a less well-controlled disease, which limits the possibility to

reach discontinuation criteria. The Life After Stopping TKIs (LAST)

study, a comprehensive evaluation of molecular recurrence and

patient-reported outcomes after discontinuation, reported a TFR rate

of 60.8% at 48 months, but patients taking bosutinib were only

2.3%.27 It is reasonable to conclude that the chance of TFR is similar

regardless of the TKI used in patients who have achieved and

maintained DMR for more than 2 years. The EURO-SKI study already

showed that the type of first-line TKI therapy did not significantly

affect molecular relapse-free survival.16 This fact is hardly surprising

given the knowledge that persistent RT-qPCR positivity is driven by

quiescent stem cells refractory to BCR/ABL inhibition by any TKI.36,37

2.3 | Dose reduction

All the above-mentioned studies used an abrupt interruption of TKI.

However, some patients who fail to successfully obtain TFR might

nevertheless maintain a good response on lower doses of TKI,

improving AEs.

The reduction of dosages appears safe in the sustained remission

phase, with only a transient increase in transcripts after dose reduc-

tion, which does not necessarily require a dose increase.38 Mathemat-

ical modeling describes a biphasic treatment response to TKI,

providing evidence that, after an initial phase of disease bulk reduc-

tion, TKI dose de-escalation (at least 50%) does not decrease the anti-

leukemic effect on residual leukemic stem cells for most patients who

have already reached DMR.39

The De-Escalation and Stopping Treatment of Imatinib, Nilotinib,

or sprYcel (DESTINY) study, conducted in the United Kingdom,

reported the results of stopping TKI treatment after initial de-

escalation to half the standard dose for 12 months, a strategy not pre-

viously investigated. At 2 years after stopping, 72% of patients were

recurrence-free.20 It is possible that gradual TKI withdrawal might

induce quiescent CML cells into a more proliferative state, thus

increasing the sensitivity to TKI treatment before the subsequent
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interruption.20 Nevertheless, the mechanism of the benefit is not yet

clear, so further studies are needed to validate this observation. The

DANTE study is currently investigating the use of nilotinib at half the

standard dose (from 600 to 300 mg) before discontinuation in

patients with sustained DMR.40 Interim results suggest that loss of

MMR during de-escalation is rare.41 The HALF study is another ongo-

ing prospective multicenter phase II clinical trial evaluating the effi-

cacy and safety of TKI discontinuation after two-step dose reduction

in patients with DMR.42 In this setting, the risk of selecting resisting

cells by a gradual dose reduction is probably minimal, compared to the

initial treatment phase.

It is however important to note that the excellent results of DES-

TINY are very similar to two recent Italian and Spanish observational

retrospective studies, which did not contemplate a dose reduction

before discontinuation, probably reflecting our increased familiarity

with TKI use and the increasing duration of treatment.43,44

2.4 | Second TFR attempt

Another open question concerns the chance of success of a second

TFR attempt (TFR2) after discontinuation failure.

After a preliminary trial on 16 patients,45 the French observa-

tional multicenter study RE-STIM reported a TFR of 42% and 35% at

2 and 3 years respectively in 70 patients, who regained a stable remis-

sion of at least MR4.5 after a first unsuccessful attempt. These results

were considerably better in patients who remained in DMR within the

first 3 months after the first TKI discontinuation (TFR of 72% at

2 years), but it is still unclear why successful discontinuation could

take place after the failure of the first attempt.19 A possible explana-

tion resides in the progressive exhaustion of quiescent CML stem

cells.46 This study demonstrated for the first time that an initial failure

does not preclude a safe and potentially successful second TKI cessa-

tion attempt. Another Canadian study (TRAD) is currently ongoing to

evaluate whether dasatinib treatment after a first TFR failure with

imatinib would lead to successful discontinuation. Dasatinib was inter-

rupted 12 months after achieving at least MR4: preliminary results

showed a TFR2 rate of 21% at 6 months. More strict criteria should

probably be considered for the TFR2 attempt, including a deep and

long molecular response.47

Studies on a second TFR attempt are also in progress in imatinib

recipients that fail a TFR attempt and in whom treatment was

switched to nilotinib (NILO post-STIM – NCT01774630; NAUT -

NCT02917720).

3 | REQUIREMENTS FOR TKI
DISCONTINUATION

The studies mentioned so far are not comparable as each one used

slightly different inclusion criteria and thresholds for restarting TKI.

However, they all agree on the importance of TKI therapy duration

and DMR depth and duration.

Current European Leukemia Net (ELN) guidelines7 consider

treatment discontinuation for patients in chronic phase CML, who

have been on TKI therapy for 5 years or longer for imatinib or at

least 4 years if a Second Generation-TKI (2G-TKI) such as nilotinib

or dasatinib is used. This interval is slightly longer than the 3 years

of TKI treatment suggested by NCCN.8 Nevertheless, in a recent

update on CML management published by the M. D. Anderson

Cancer Center (MDACC), treatment discontinuation was offered in

clinical practice only to patients who had a duration of TKI

>6 years.48

Regarding DMR, MR4 for 2 years is considered an appropriate

level to consider discontinuation outside of clinical trials, though

MR4.5 could represent the optimal one.7,49 Further studies will be

needed to define whether discontinuation can also be proposed to

patients with less profound but stable responses.

Another requirement for TKI discontinuation for both American

and European guidelines is no prior history of accelerated or blast

phase CML: given the lack of data, the possibility of stopping therapy

in this setting is unknown at present and is not recommended in clini-

cal practice.

The ELN panel suggests TKI discontinuation should only be con-

sidered in patients in first-line therapy or second-line if intolerance

was the only reason for changing TKI. However, this consideration is

supported only by some studies, such as the DADI trial24 or the STOP

2G-TKI one,21 while the aforementioned ENESTop and DASFREE

study did not show differences between patients who were resistant

or intolerant to first-line therapy.23,26

Recent guidelines do not include the Sokal risk score, while it is

mentioned in the European Society for Medical Oncology (ESMO)

guidelines,50 Australian indications for clinical practice,51 and the

above-cited MDACC update.48 The Sokal score strongly influences

the probability of achieving a sustained DMR rather than the risk of

relapse after TKI discontinuation.52,53

One survey reported that 19% of patients who meet discontinu-

ation criteria are not interested in stopping TKI treatment.54 In par-

ticular, patients with a good quality of life, not experiencing

significant side effects from TKI, could be uncomfortable with the

interruption of their life-saving therapy. According to the results of

the questionnaire proposed in the study, the leading cause for the

reluctance of patients was the fear of possible negative conse-

quences after discontinuation of therapy. For this reason, it is rec-

ommended to spend enough time with the patient and to provide

clear and balanced information concerning the potential risks and

benefits of a TFR attempt so that the patient could feel confident

about his/her choice.

Finally, the French CML Study Group55 and NCCN guidelines8

recommend using these criteria only in the adult population. Success-

ful TFR in a small number of pediatric patients was reported,56,57 and

it may be of particular interest in consideration of safety concerns in

this setting. Data in the pediatric population are still limited, and the

disease could have different characteristics and be more aggressive

than in adults.58,59 TKI discontinuation is not part of clinical practice

for children at present.60
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4 | RELAPSE AND MONITORING

Treatment interruption is a safe procedure only if performed in cen-

ters with access to high-quality molecular monitoring, which includes

the availability of RT-qPCR and a rapid turnaround time for PCR

results (within 1–2 weeks). Patients need to present typical e13a2 or

e14a2 BCR-ABL1 transcripts at diagnosis, otherwise, RT-qPCR deter-

mination is not possible.7,8 The use of even more sensitive and accu-

rate methods, such as digital PCR (dPCR), could offer more reliable

estimates of the number of residual leukemic cells, allowing a safer

selection of patients for a TFR trial.15 dPCR is not routinely available,

and standardization across laboratories will be required before its use

in clinical practice.

Patients need to have frequent monitoring after discontinuing

treatment: guidelines recommend a monthly schedule for the first

6 months, every 2 months for months 6–12, and every 3–4 months

thereafter for patients who remain in MMR.7,8 Relapses usually

develop within the first 6 months (80% of all recurrence events in the

EURO-SKI study)16 and typically have fast proliferation kinetics with

an exponential rise in BCR-ABL1 levels of around 1-log each

month.10,16,61,62 A recent study used a theoretical cohort of

100 patients (based on EURO-SKI data) to predict the impact of

reduced monitoring frequencies for patients attempting TFR. They

indicated that a monitoring schedule every 2 months in the first

6 months and every 3 months between 6 and 12 months, may provide

the best balance between reducing the number of tests and minimiz-

ing delays in relapse detection and TKI resumption, assuming an opti-

mal turn-around time for RT-qPCR results.63

In the event of an MMR loss, a prompt resumption of treatment

(within 4 weeks) with the same drug at the same dose is advisable.

Confirmation of MMR loss on a second evaluation is neither required

nor prudent as it could delay treatment resumption, unless in case of

a borderline result.7 Patients should regain MMR within 3–4 months

after the resumption of TKI, and subsequent monitoring is generally

warranted every 4–6 months indefinitely, although present guide-

lines are stricter than routine clinical practice (monthly molecular

monitoring until MMR is re-established, then every 3–4 months

thereafter). For patients who fail to obtain MMR 3–4 months after

TKI restart, BCR-ABL1 kinase domain mutation testing is suggested,

and monthly molecular monitoring should be continued for another

6 months.8

With a longer follow-up, late relapses were reported, especially in

studies that used MMR as the trigger for re-treatment, such as the

large cohort of EURO-SKI, which still lacks a plateau in the RFS curve.

The final results of the ISAV study also reported late relapses up to

46 months post discontinuation.64 Late relapses present a more grad-

ual rise in BCR-ABL1 levels, that do not follow logarithmic kinetics, so

less frequent monitoring appears safe, but still essential, for most

patients who remain in TFR longer than 2 years.65

Given the persistence of fluctuating levels of Ph+ cells even after

several years of discontinuation and the low cost of an RT-qPCR per-

formed every 6–12 months, it is advisable to continue monitoring

indefinitely, at least at present.

5 | RISKS ASSOCIATED WITH TKI
DISCONTINUATION

As reported above, a better quality of life is nowadays one of the

main goals for patients with CML.66 For most of them, TKI discon-

tinuation correlates with clinically significant improvements in

fatigue, diarrhea, depression, and sleep disturbances, as reported in

many studies, such as the above-cited ISAV trial15 or the LAST

study.27,67 However, a non-negligible number of patients, approxi-

mately 30%, develops a withdrawal syndrome (WS), characterized

by newly occurring or worsening preexisting arthralgia and joint

stiffness, typically occurring 1 month after stopping treatment and

lasting for several months.68 This side effect was first described in

2014 in the first cohort of patients of the EURO-SKI trial dis-

continuing imatinib,69 but a similar incidence was later reported

after nilotinib and dasatinib, too.22,26 Musculoskeletal pain is more

common in patients with a prior history of osteoarticular symptoms

and those who have been on TKI therapy for a long time.70 The

relation between treatment duration and muscular pain might

explain the reported association between WSs and a higher proba-

bility of sustained MMR.18

In most cases, WS is mild and self-limited, with a median dura-

tion of 6 months and generally not requiring treatment.18 In a

recent Russian prospective study, the WS rate was higher (42%),

probably because retrospective analysis might underreport the inci-

dence of low-grade symptoms.71 Nevertheless, clinicians should

inform patients about the possibility of this event and the rare

necessity to assume medications, such as anti-inflammatory drugs

or corticosteroids.

Several mechanisms have been proposed to explain the emer-

gence of WS, including the activation of kinase-mediated pathways

different from Abl, which were inhibited by the TKI, but none was

experimentally validated up to now.

Another rare condition associated with treatment discontinua-

tion is the occurrence of disease progression following a TFR

attempt. The ENESTfreedom study reported the development of a

nilotinib-resistant kinase domain mutation at the time of molecular

relapse. Given the absence of selective pressure during the discon-

tinuation period, the resistant clone was likely already present,

although this hypothesis could not be proved because of the low

BCR-ABL1 transcript levels in all samples collected before relapse.22

A few case-reports also described the occurrence of a sudden blast

crisis following a TFR attempt: one case happened during dasatinib

discontinuation, with the latest PCR performed 6 months before

transformation;72 the other three events developed in patients who

experienced molecular relapse, resumed TKI, obtained a new

response and then developed BC-CML 6–8.5 months after restarting

treatment.17,73,74 This rare phenomenon was also reported in

patients who remained on TKI therapy,75,76 suggesting that it might

occur even with continuous therapy. A new study (TFR-PRO) aimed

at estimating the risk of CML progression in patients eligible for

treatment discontinuation, independently from their decision, is

presently underway.77
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6 | PREDICTORS OF SUCCESSFUL TKI
DISCONTINUATION

Several studies tried to identify clinical and biological predictive fac-

tors linked to TFR achievement and to hypothesize an explanation for

the different outcomes.

Age, sex, Sokal risk score, type of BCR-ABL1 transcript, prion

interferon-alpha therapy, number and type of NK cells at the time of

TKI discontinuation, use of dPCR to detect residual CML cells, duration

of TKI treatment, duration of DMR and depth of response, have all been

shown to predict the success rate of TFR in some but not all studies.

The table 1 summarizes the studies on TKI discontinuation previ-

ously cited in the paper, showing possible predictors of successful dis-

continuation identified by the authors, as explained below in the text.

6.1 | Clinical factors

The total duration of TKI treatment before discontinuation is surely

the most reproducible predictor of success. The STIM trial demon-

strated that patients with a median period of imatinib therapy of at

least 50 months had a higher sustained Complete Molecular Response

(CMR) rate at 12 months than those with a shorter median duration

of treatment.10 Many studies later confirmed this observation, show-

ing that a longer duration of imatinib therapy was an independent fac-

tor for sustained MMR after discontinuation.16,18,20,78 Data were also

validated for nilotinib and dasatinib (ENESTop, DASFREE).23,26 In the

large EURO-SKI trial, however, when the duration of TKI treatment

and depth of response before discontinuation were entered into the

same multivariate model, only the duration of DMR predicted a longer

MMR maintenance.16 In this study, the probability of maintaining

MMR at 6 months was 61% for patients in MR4 for >3.1 years versus

44% for those with a shorter MR4. However, many studies did not

confirm this data10,15,22,25 or showed only a modest effect of this

parameter.18,23 Thus, the duration of DMR remains less consistent in

predicting successful discontinuation, although in clinical practice it

remains one of the factors more frequently considered when propos-

ing treatment discontinuation to a patient.

The depth of response is also strongly correlated to a better

outcome: the DESTINY trial, already mentioned above, showed a TFR

at 36 months of 72% versus 36% in the MR4 and MMR groups, respec-

tively.20 The ISAV study, an international multicenter trial on

112 patients, validated that patients with a positive dPCR at the

time of discontinuation relapsed more frequently compared to the

dPCR negative group. The association of dPCR (which has 1–2 logs of

higher sensitivity [10�7] than RT-qPCR) with TFR, later confirmed by a

French study,79 the Korean KID trial,18 and the American LAST study,27

suggests that the depth of response matters in terms of TFR prediction.

STIM and ENESTfreedom trials identified the Sokal score as a pre-

dictive parameter of TFR durability after imatinib suspension,10,32 but

the EURO-SKI and a large meta-analysis of TKI discontinuation studies

concluded that the CML relapse rate was not influenced by this

factor.16,78

Simple demographic factors, such as age and sex, have been

reported to be associated with TFR,10,15,79,80 although not in the large

cohort of the EURO- SKI study.16 The ISAV trial showed an inverse

relationship between patients' age and risk of relapse: 95% of patients

less than 45 years of age relapsed compared to 42% among those

aged ≥45 to <65 years and 32% in patients older than 65 years.15

These data were later confirmed in the final analysis of the ISAV

study64 and in another English trial, which validated a predictive score

to stratify patients according to their risk of relapse. Despite the small

sample size, this score was able to identify three risk groups with sig-

nificantly different probability of relapse, including predicting factors

of successful discontinuation such as the age of the patient, the

absence of a previous TKI resistance, and a longer duration of MR4.80

Multivariate analyses of TFR predictive factors in the DASFREE study

also revealed a statistically significant association between 2-year TFR

and age >65 years.26 In addition, another study reported that younger

age (<45 years) was significantly associated with relapse.81

Finally, the TWISTER trial and the EURO-SKI study reported a

higher TFR rate in patients with long interferon (IFN) treatment before

imatinib, but this data is less relevant nowadays.13,16

For what pertains to a second discontinuation attempt, the RE-

STIM study showed that TFR probabilities after the second TKI with-

drawal attempt were significantly higher in patients who were still in

MMR at 3 months after the first discontinuation than in those who

had already lost MMR. The speed of molecular relapse was the only

factor significantly associated with the outcome in this case.19

6.2 | Molecular/biological factors

In addition to the clinical aspects, several biomarkers have been also

associated with TFR.

Some studies indicated that patients harboring the e14a2 type of

transcript had a lower incidence of relapse compared to those with

e13a2 transcripts. In an Italian retrospective study, 61% of patients

with the e14a2 transcript were still in TFR after 12 months, compared

with 22% of those with the e13a2 transcripts.82

Immunologic surveillance of residual leukemic stem cells is hypo-

thesized to be one of the factors involved in maintaining molecular

response.83 Several studies have associated a higher percentage of

immune effector cells in the peripheral blood of patients with durable

TFR. In particular, the IMMUNOSTIM trial reported that a significantly

higher number of natural killer (NK) cells were present at the time of

discontinuation in not relapsing patients, suggesting that they may

play a role in controlling relapse after imatinib discontinuation.84

A substudy to EURO-SKI more precisely described the different

biological backgrounds of early (<6 months) and late relapses. Inter-

estingly, non-relapsing patients had a higher relative proportion of NK

cells when compared to the early relapsing group, but not to patients

relapsing after 6 months. Besides, detailed immunophenotyping was

performed, and the ratio of CD56bright NK cells, regarded as imma-

ture NK cells versus the mature CD56dim NK cells, was inversely cor-

related with TFR.85 The importance of NK cells in CML biology has
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also been suggested in second-line dasatinib-treated patients with

CML who successfully discontinued TKI treatment24,86 but not after

nilotinib.87 A recent Japanese paper also found that dasatinib and

nilotinib evoked different immune responses after discontinuing TKI:

the kinetics of regulatory T cells (Treg) observed by flow cytometry

1 month after stopping dasatinib significantly increased in the durable

TFR group but not in patients that later relapsed. CD8+ T cells from

the patients with continuous TFR showed a less exhausted phenotype

and a higher proliferative activity compared with relapsed patients.

These differences were not observed in a similar nilotinib discontinua-

tion trial, but this fact might also be explained by the presence of Src

inhibitory activity of dasatinib, not present with nilotinib.88

Suppressor cell populations that have been directly linked with an

increased risk of relapse include regulatory T cells24 and CD86+

plasmacytoid dendritic cells. In a prospective analysis of 122 patients

discontinuing their TKI within the EURO-SKI trial, the one-year relapse-

free survival was significantly higher for patients with a low number of

CD86+ plasmacytoid dendritic cells, and only these patients benefited

from longer TKI exposure before discontinuation.89

All these results are still preliminary and of little use in clinical

practice. Furthermore, it is quite surprising that such a small burden of

residual disease could result in easily identifiable correlates in the

peripheral blood of patients. It may also be possible that the observed

differences are related to the different pharmacological effects of

TKIs. In conclusion, formal recognition of CML cells by the immune

system is still lacking. In addition, it is difficult to explain the success

of a second discontinuation attempt when the immune system of the

patient remains the same that failed to control CML cell growth after

the first discontinuation.

Some studies showed that CD26, a marker of CML circulating

stem cells, can be used to predict the success of TFR. Bocchia et al.

found residual circulating CD26+ leukemic stem cells in 66% of

patients with CML in prolonged and stable TFR, and a significant

inverse linear correlation was found between the number of CD26+

cells in peripheral blood and TFR duration. Unexpectedly, the absolute

number of CD26+ cells did not correlate with the molecular response

of the patient, probably because RT-qPCR accurately measures tran-

script level but cannot estimate the actual number of CML cells, which

includes transcriptionally silent leukemic cells.90–92 CD93 is another

biomarker whose expression in circulating CML stem cells is signifi-

cantly increased in patients with molecular relapse compared with

those in sustained TFR.93

An alternative explanation of the lack of leukemia cells re-exp-

ansion after treatment interruption could reside in an intrinsic inability

of CML cells to grow. The ISAV study estimated the presence of Phila-

delphia positive cells in 88% of patients discontinuing treatment, and

their number increased by approximately 1 log during the 3 years of

study observation, although none of them relapsed.64 This fact indi-

cates that almost all patients discontinuing treatment present residual

CML cells, but residual cells are unable to regrow to levels >0.1% due

to cell-extrinsic or -intrinsic factors in about half of them.

It was recently reported that age-related DNA damage response

(DDR) is more evident in CD26+ leukemia stem cells compared to

normal CD26 negative normal stem cells. A correlation was also found

between DDR at CML diagnosis and the outcome of TKI discontinua-

tion: patients in durable TFR were those with low levels of DDR at

the onset of CML.46

Combining these different theories makes it possible to formulate

a hypothesis about whether CML cells will regrow after treatment dis-

continuation. Each CML cell has a probability of regrowth, so the

greater the number of residual CML cells, the greater the probability

of relapse. However, the functional status of CML cells also influences

F IGURE 1 Summary of
possible predictors of TKI
discontinuation according to the
different studies cited in the
paper [Color figure can be viewed
at wileyonlinelibrary.com]
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the outcome, so if the cells are controlled by an effective immune

response or have a low intrinsic clonogenic capacity, as attested by a

phenotype with little DDR, a favorable outcome will be likely. In any

case, experimental studies on the biological factors that affect out-

comes after discontinuation are of interest to better understand the

causes and will pave the way for future clinical applications.

The figure 1 summarizes the possible clinical and biological pre-

dictors of successful TKI discontinuation according to the different

studies cited in the paper.

7 | TREATMENT-FREE REMISSION AND
PREGNANCY

A special condition in which TFR may become an important goal is

pregnancy, in particular during the first trimester, when the off-target

activity of all TKI used for CML (and especially dasatinib) could trigger

teratogenic effects.94,95 Female patients of childbearing age, eligible

for a TFR attempt, can safely discontinue TKI treatment before con-

ception or as soon as pregnancy is discovered.7,8 In case of loss of

MMR, the probability of reaching pregnancy term without a clinical

need for restarting treatment is low. The potential risk to the fetus

versus the risk of maternal disease progression must be carefully eval-

uated on an individual basis, keeping in mind that dasatinib may fre-

quently induce fetal abnormalities,96 while imatinib and nilotinib have

limited placental transfer, so their use can be considered in highly

selected patients after organogenesis is concluded (15–16 weeks).97

Since the use of TKI remains controversial, interferon can be used at

any time during pregnancy and, if introduced early, can maintain

molecular remission after TKI discontinuation.98,99 Pregnancy must be

wisely considered in patients with advanced disease, after multiple

treatment lines, or just not meeting discontinuation criteria: in such a

case TKI interruption could rapidly conduct to CML progression in

these patients. For male patients, no association between TKI therapy

and congenital abnormalities was found, so they do not need to dis-

continue treatment.94,96

8 | CONCLUSIONS

Evidence that TKI discontinuation is feasible in patients with CML

with deep and durable molecular responses challenged the idea of a

lifelong dependency on TKI, adding TFR as a treatment goal in addi-

tion to overall survival. Recommendations for accurate selection of

patients to be chosen for a safe TFR attempt are accessible and

widely used in clinical practice. However, it is important to underline

that a safe TKI discontinuation is possible only where logistical

aspects of CML care guarantee optimal, long-term monitoring of the

patient. Clinical and biological factors associated with better out-

comes are still far from offering a precise stratification of patients

according to their risk of relapse. One of the future directions of TFR

research will be to understand which factors correlate with relapse

and to personalize the prediction of outcomes. It is important to

remember that the excellent results of patients who remain on

lifelong TKI therapy lower the bar of ethically acceptable risk for

additional treatments to control residual leukemic cells. Nevertheless,

we cannot forget the importance of improving the quality of life

of these patients. The still unanswered question of whether to con-

sider patients in stable TFR as definitely cured of their disease

remains open.
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