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Summary

Patients with chronic myeloid leukaemia in chronic phase (CML-CP) who have a sustained 

deep molecular response (DMR) are eligible to discontinue treatment and attempt treatment-free 

remission (TFR). In the DASFREE study (ClinicalTrials.gov; NCT01850004), the 2-year TFR 

rate after dasatinib discontinuation was 46%; here we present the 5-year update. Patients with a 
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stable DMR after ≥ 2 years of dasatinib therapy discontinued treatment and were followed for 5 

years. At a minimum follow-up of 60 months, in 84 patients discontinuing dasatinib, the 5-year 

TFR rate was 44% (n = 37). No relapses occurred after month 39 and all evaluable patients 

who relapsed and restarted dasatinib (n = 46) regained a major molecular response in a median 

of 1.9 months. The most common adverse event during the off-treatment period was arthralgia 

(18%, 15/84); a total of 15 withdrawal events were reported in 9 patients (11%). At the 5-year 

final follow-up, almost half of the patients who discontinued dasatinib after a sustained DMR 

maintained TFR. All evaluable patients who experienced a relapse quickly regained a DMR 

after restarting dasatinib, demonstrating that dasatinib discontinuation is a viable and potentially 

long-term option in patients with CML-CP. The safety profile is consistent with the previous 

report.

Keywords

Dasatinib; deep molecular response; treatment-free remission; major molecular response; chronic 
phase chronic myeloid leukaemia

Introduction

The introduction of tyrosine kinase inhibitors (TKIs) allowed optimal disease control in 

patients with chronic myeloid leukaemia (CML) in the chronic phase (CML-CP), thereby 

allowing them to have a life expectancy similar to the general population.1, 2 Achieving 

a deep molecular response (DMR), defined as a 4- or 4.5-log reduction in BCR::ABL1 
levels (≤ 0.01% or ≤ 0.0032% International Scale [IS], respectively), is a treatment goal 

for patients with CML-CP who wish to discontinue treatment safely. Treatment with 

second-generation TKIs is associated with increased rates of deep and sustained molecular 

responses.3–5 However, long-term treatment with TKIs is associated with an increased 

risk of adverse events (AEs)3–5 (such as pleural effusion with dasatinib) and can also 

result in moderate to severe symptom burden (per the MD Anderson Symptom Inventory 

questionnaire for patients with CML).6 In addition, reduced adherence due to the cost 

of treatment can occur with long-term TKI treatment.7 As a result, discontinuation of 

TKI treatment, or attempting treatment-free remission (TFR), is increasingly becoming a 

preferred option among patients with CML-CP with a sustained DMR.

EURO-SKI is the largest international trial to date investigating TFR, with 758 patients 

discontinuing TKI treatment after first-line (1L) or second-line (2L) imatinib, dasatinib, or 

nilotinib (including 14 and 62 patients discontinuing 1L and 2L dasatinib, respectively). 

After 3 years, the overall molecular recurrence-free rate was 46%.8 In the AFTER-SKI study 

following up 111 patients from EURO-SKI who maintained TFR, 99 patients (89%) were 

still in TFR after a further 3 years.9 Other TFR studies with long-term follow-ups, such as 

the STIM and A-STIM studies with imatinib, have reported TFR rates of 38% (5-year TFR) 

to 46% (estimated 7-year TFR).10, 11 In addition, the ENESTfreedom trial showed that 43% 

of patients who entered the TFR phase after discontinuing 1L nilotinib remained in TFR at 

5 years.12 Across all long-term TFR studies, most relapses occurred within the first 6–24 

months, with late relapses being uncommon.10–14
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Based on the successful TFR observed in long-term follow-ups, the NCCN Clinical 

Practice Guidelines in Oncology (NCCN Guidelines®), the ESMO guidelines and the ELN 

recommendations now consider TFR a potential treatment goal.15–17 Eligible patients (aged 

≥ 18 years) with CML-CP and prior evidence of quantifiable BCR::ABL1 transcripts are 

required to have had an optimal response to 1L TKI therapy (with no treatment failure or 2L 

TKI therapy if intolerance was the only reason for switching [ELN recommendations only]), 

prior TKI treatment for 3 years (NCCN Guidelines®) to > 5 years (ESMO guidelines/ELN 

recommendations; > 4 years for second-generation TKI [ELN recommendations]) and a 

sustained DMR (MR4 or better) for 2 years or more prior to TFR attempt. Patients are 

also required to undergo regular molecular monitoring using a reliable quantitative reverse 

transcriptase-polymerase chain reaction (qPCR) test with a sensitivity of detection of at least 

MR4.5.

DASFREE (ClinicalTrials.gov; NCT01850004) is an open-label, single-arm, phase 2 study 

of dasatinib discontinuation in patients with CML-CP in DMR,18 and is the largest clinical 

trial to date to assess TFR after dasatinib discontinuation. In total, 84 patients with a DMR 

after 1L or 2L dasatinib (including patients with prior resistance to 1L therapy) discontinued 

treatment. In the 2-year update, TFR rates at 1 year (primary endpoint) and 2 years post-

dasatinib discontinuation were 48% and 46%, respectively. Of the 46 patients who lost a 

major molecular response (MMR; BCR::ABL1 < 0.1% IS), 45 restarted treatment. At the 

time of primary analysis, 44 of these patients had regained MMR and 43 had regained MR4.5 

after a median (range) of 2 (1–4) and 3 (2–18) months, respectively (data were not available 

for one patient). The 2-year progression-free survival (PFS) rate was 99% and no patients 

progressed to advanced phase or blast crisis (CML-AP/BC); however, one patient died from 

ovarian cancer 1 month after discontinuing the study. The 2-year update also identified age, 

duration of prior dasatinib and prior line of dasatinib therapy as potential predictors for 

maintaining TFR over the 2-year study period. Here we report the final 5-year results from 

this study.

Methods

Study design and eligibility

The full study design and eligibility criteria have been published previously.18 Key 

eligibility criteria included patients ≥ 18 years old, who had received dasatinib for at least 2 

years prior to study entry, with confirmed MR4.5 at enrolment and for ≥ 1 year prior to study 

entry. Additionally, patients were required to have achieved a 1-log reduction in BCR::ABL1 
levels from start of dasatinib treatment (determined by local standards) or BCR::ABL1 < 

10% (IS) by 3 months with current dasatinib therapy (1L or 2L and beyond [2L+]). Once all 

eligibility criteria were met, patients discontinued dasatinib and were monitored for at least 

5 years. If MMR was lost, dasatinib treatment was restarted at the same dose as received 

directly before discontinuation.18 A univariate analysis was conducted to identify potential 

baseline predictors of maintaining TFR.
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Study endpoints and assessments

The primary endpoint was the proportion of patients who maintained MMR at 1 year 

(TFR rate) and has been previously published in Shah et al., 2019.18 Secondary endpoints 

included event-free survival, BCR::ABL1 kinetics, rate of transformation, PFS and overall 

survival. Key exploratory endpoints were frequency of AEs and serious AEs, both after 

discontinuation and after restarting dasatinib treatment; withdrawal events; rate of MMR 

recapture after dasatinib discontinuation; and identification of predictive factors for TFR 

maintenance. Withdrawal events were captured via a specific field in the case report form.

Statistical analyses

Statistical analyses (including details on univariate analysis) were conducted as described 

previously.18 Kaplan–Meier and Brookmeyer–Crowley methods were used to estimate time-

to-event endpoints and a Cox proportional hazards model was used to estimate hazard ratios, 

95% confidence intervals and p values for exploratory analyses. Rates of MMR and MR4.5 

regained after treatment reinitiation were reported by cumulative incidences.

Ethics

All patients provided written informed consent in accordance with the Declaration of 

Helsinki and local guidelines before study entry. The study protocol was approved by all 

Institutional Review Boards of each participating centre, as well as each centre’s Ethics 

Committee and competent national authority.

Results

Patient characteristics and disposition

In total, 84 patients were enrolled between February 2014 and June 2016 and discontinued 

treatment. A detailed description of the patient population can be found in Shah et al., 

2019.18 Baseline characteristics are shown in Table 1. Forty-four per cent (n = 37) of 

patients received 1L dasatinib and 56% (n = 47) received subsequent (2L+) dasatinib. Of the 

47 patients who received 2L+ dasatinib, 53% (n = 25) switched to dasatinib due to resistance 

and 38% (n = 18) due to intolerance; most patients switched from imatinib (94%, n = 44).

Among enrolled patients, 24 discontinued the study early and 60 discontinued at end 

of study per planned protocol (Table S1). Of the patients who discontinued early, four 

discontinued due to AEs associated with dasatinib after restarting treatment and four 

discontinued the study due to achieving the maximum clinical benefit per investigator 

discretion after regaining MR4.5 with restarting dasatinib. There were no discontinuations 

due to death. All patients except one who discontinued were evaluated for response prior to 

discontinuation; that patient withdrew from the study 1 month after restarting dasatinib and 

did not undergo molecular assessment.

Efficacy

At a minimum follow-up of 60 months (database lock: December 2021), the Kaplan–Meier 

estimate of the 5-year TFR rate was 44% (95% CI: 33%–54%) (Figure 1), with 44% (n 
= 37) of patients maintaining MMR. There were 24 patients (38%) aged < 65 years and 
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13 patients (65%) aged ≥ 65 years who maintained TFR. When analysed by prior lines of 

dasatinib therapy, patients with 1L or 2L+ treatment had similar TFR rates at the 5-year 

timepoint (46% vs 42%, respectively). The TFR rate at 5 years was also similar in patients 

with 2L+ dasatinib who switched either due to intolerance or resistance (44% for both).

Overall, 56% (n = 47) of patients lost MMR and all restarted treatment with dasatinib. 

Median (range) time to loss of MMR was 3.9 (1.1–38.9) months (Figure 2). No relapses 

occurred later than 39 months after discontinuation of dasatinib and no patients lost a 

complete haematologic response. All evaluable patients (n = 46) regained MMR and MR4.5 

in a median (range) of 1.9 months (0.9–3.7) and 3.3 months (1.5–29.6), respectively (Figure 

2). In the 31 evaluable patients who maintained TFR 5 years after dasatinib discontinuation, 

12 also maintained MR4.5 while 19 lost MR4.5 but maintained MMR.

The PFS rate was 99% at 5 years (Figure 3). No new events were reported after the 2-year 

follow-up and no patients progressed to CML-AP/BC. One patient died due to causes 

unrelated to CML (ovarian cancer) after restarting dasatinib and regaining MMR.

As part of the study, a univariate analysis of baseline characteristics (sex, age, duration 

of prior dasatinib, duration of prior TKI, prior line of dasatinib therapy and Sokal score) 

was performed to identify potential predictors of achieving TFR during the 5-year study 

period (Figure 4). Patients aged ≥ 65 years, those who received 1L dasatinib, or those with 

a duration of prior dasatinib equal to or above the median had more favourable TFR rates 

and these were identified as potential predictive factors of maintaining TFR at 5 years. The 

duration of prior dasatinib was numerically higher in patients who maintained MMR versus 

those who did not (Table S2); however, the study was not designed to perform a statistical 

comparison between the two groups and interpretation is limited by small sample sizes 

(Figure 4).

Safety

All-cause AEs that occurred in ≥ 5% of patients are shown in Table 2. In total, 58 patients 

(69%) who were off dasatinib treatment and 42 patients (89%) who restarted dasatinib 

experienced any grade AEs. Fifteen patients (18%) who were off treatment and 13 patients 

(28%) who restarted dasatinib experienced grade 3/4 AEs. Any grade musculoskeletal and 

connective tissue AEs occurred in 39% (n = 33) of patients discontinuing dasatinib and 

in 32% (n = 15) of the patients who restarted treatment; 4% (n = 3) and 2% (n = 1), 

respectively, reported grade 3/4 events. Arthralgia and arterial hypertension at any grade 

were the most common off-treatment AEs, occurring in 18% (n = 15) and 13% (n = 11) of 

patients, respectively; no grade 3/4 arthralgia events were reported and 2 grade 3/4 arterial 

hypertension events were reported. Pleural effusion (any grade) was experienced by 1 patient 

(1%) who was off treatment and 4 patients (9%) who restarted dasatinib.

Treatment-related AEs of any grade were experienced by 25 patients (53%) who restarted 

dasatinib, with 4 patients (9%) experiencing a grade 3/4 event and only 2 patients (4%) 

reporting treatment-related serious AEs. AEs leading to dasatinib discontinuation after 

restarting treatment occurred in 5 patients (11%); 4 (9%) were due to treatment-related 

pleural effusion and 1 (2%) was due to metastasis from primary ovarian cancer unrelated to 
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treatment. There were no deaths due to CML and no new deaths of any cause reported after 

the 2-year follow-up.

A total of 15 withdrawal events were reported in 9 patients (11%), all within 18 months of 

discontinuing treatment; the median (range) time from discontinuation to withdrawal event 

was 3.7 (0.3–17.9) months (Table 2). Ten events resolved in a median (range) time of 6.0 

(0.5–69.5) months; 5 before restarting dasatinib and 5 while on or after restarting dasatinib. 

Only 2 events required concomitant medication.

Discussion

TFR is an increasingly desirable goal among patients with CML-CP in DMR due 

to the symptom burden, costs and potential toxicities associated with long-term TKI 

treatment. DASFREE is the largest trial to date to examine TFR in patients with CML-CP 

discontinuing dasatinib therapy in any line. With a 5-year TFR rate of 44%, the results of 

the long-term follow-up of DASFREE demonstrate the feasibility of TFR in patients treated 

with dasatinib with a stable MR4.5 for at least 12 months and the viability of discontinuing 

dasatinib in the 2L after prior resistance to 1L therapy. Since the 2-year follow-up, only 

one patient experienced a relapse (at month 39) and all patients who lost MMR (56%) were 

able to regain DMR quickly after restarting dasatinib. The safety profile was consistent with 

previous reports and no new withdrawal events were reported in the long-term follow-up. 

Overall, these results highlight the success and safety of TFR in patients with CML-CP in 

DMR after treatment with dasatinib across any line of therapy.

Long-term results of DASFREE are similar to those seen in the 5-year follow-up of the 

ENESTfreedom and ENESTop studies, which explored TFR after the discontinuation of 

1L and 2L nilotinib, respectively (5-year TFR rate: 43% in both studies).12, 19 Similar to 

DASFREE, ENESTfreedom and ENESTop recruited patients with a sustained MR4.5, but 

unlike DASFREE, patients were not required to have a 1-log reduction in BCR::ABL1 levels 

from start of treatment or BCR::ABL1 < 10% (IS) at 3 months after starting therapy. The 

patient populations for ENESTfreedom and ENESTop also included patients with Eastern 

Cooperative Oncology Group performance status 0–2 (compared with 0–1 in DASFREE) 

and had more stringent criteria regarding patient health such as requiring adequate end 

organ function, having electrolyte values ≥ lower limit of normal and having normal marrow 

function.20, 21

The results from DASFREE are also similar to those from the > 6 year follow-up of the 

STIM1 (5-year TFR rate of 38%)10 and the A-STIM (5-year TFR rate of 51%) observational 

studies,11 both of which evaluated the feasibility of discontinuing imatinib. It should be 

noted that direct comparisons between clinical trials must be done with caution due to 

differences in study designs and protocols.

In the ENESTfreedom, ENESTop, STIM1 and DASFREE trials, most relapses occurred 

within the first 6 months and no progression to CML-AP/BC was observed.10–12, 19 Only 

one relapse occurred after the 2-year DASFREE follow-up, consistent with results from 

previous TFR studies where most relapses occurred within the first 2 years.11, 13, 14, 22, 23 
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Although uncommon, late relapses do occur during TFR; from the study by Rousselot 

et al.,11 the kinetics of relapse in patients treated with dasatinib were similar to those of 

early relapse in the DASFREE study. Results from the AFTER-SKI study suggested that 

molecular status (MR4) after 3 years was highly predictive of late relapse (loss of MMR 

during years 3–6); in that study, 11 of the 13 patients not maintaining MR4 at 3 years 

lost MMR versus 1 of 98 patients who had maintained MR4.9 In DASFREE, only 4 of 23 

patients with loss of MR4.5 3 years after dasatinib discontinuation did not maintain MMR at 

5 years.

The prospective DESTINY trial had a cohort of patients with MMR as well as MR4 

attempting discontinuation, unlike the majority of other TFR trials.23 However, the TFR 

rate at 3 years was just 36% in the MMR group versus 72% in the MR4 group. Patients 

in DESTINY also had a period of TKI dose de-escalation before discounting treatment 

completely, but it was inconclusive as to whether this increased the success of maintaining 

TFR. Although EURO-SKI and DESTINY have shorter follow-up periods than DASFREE 

and the patients’ treatment history comprises a mix of dasatinib, imatinib and nilotinib, the 

results from DASFREE are largely consistent with these trials.

In DASFREE, the 5-year TFR rate for patients receiving 2L+ dasatinib was 42%, which is 

consistent with TFR rates seen previously in the Japanese prospective trial monitoring TFR 

after 2L dasatinib (DADI, N = 88, estimated 3-year TFR rate of 44%).14 In the DADI trial, 

patients who switched to dasatinib from imatinib due to resistance had a lower TFR rate 

than those who switched due to intolerance (8% vs 56%). The STOP2G-TKI trial evaluating 

TFR after DMR with dasatinib or nilotinib also showed that patients with 2L+ dasatinib 

or nilotinib who had intolerance or resistance to 1L therapy had a significantly lower 

2-year TFR rate (36%) versus patients who were not intolerant/resistant (77%, p = 0.002).13 

However, in DASFREE, the 5-year TFR rate was the same for patients who switched to 

dasatinib due to intolerance or resistance to prior therapy (44%) and was similar to that for 

patients who received 1L dasatinib. Successful TFR has also been observed in a previous 

study of patients with CML with prior resistance.24 Traditionally, 2L treatment, particularly 

after resistance to 1L therapy, has precluded patients with CML from attempting TFR, as it 

is associated with a poorer prognosis. However, results from DASFREE and previous studies 

suggest that some patients with prior resistance to 1L TKI therapy may successfully attempt 

TFR providing they achieved a DMR with 2L treatment.

AEs were seen in 58 patients (69%) discontinuing dasatinib, with musculoskeletal and 

connective tissue disorders being the most common events (39%). Musculoskeletal events 

are commonly seen after discontinuation of TKI treatment. Although the rates vary between 

trials, musculoskeletal events were reported at a similar rate in DASFREE as other trials 

for TFR (30%–53%).19, 21–23 Of note, however, all events in DASFREE were assessed by 

the investigator per the case report form, with most events determined to have an alternate 

aetiology; consequently, just 15 events in 9 patients (11%) were classified as withdrawal 

events. Most withdrawal events resolved and no new withdrawal events occurred after the 

2-year follow-up.18
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A univariate analysis of TFR rates during the 5-year study period of DASFREE identified 

older age (≥ 65 years), 1L dasatinib therapy and a prior duration of dasatinib equal to or 

above the median as potentially predictive of maintaining TFR. This is consistent with the 

2-year results and previous studies.10, 14, 22, 23, 25 Previously, older patients have been shown 

to have a better prognosis than younger patients with CML.26 The Cox model methodology 

used in this study analysed the trend in TFR rates over the entire study period. Although the 

TFR rate at 5 years was similar between patients receiving 1L and 2L dasatinib, the initial 

difference reported at the 2-year analysis18 was carried forward using this model, indicating 

that, overall, 1L dasatinib therapy was potentially predictive of maintaining TFR.

The potential predictors of TFR success differ across TFR studies. This may be due to the 

small sample sizes in some studies, but also due to the differing patient populations and 

eligibility criteria. DASFREE included a heterogenous population of patients treated with 1L 

and 2L+ dasatinib, patients with prior resistance and intolerance to different 1L treatments 

and patients with different BCR::ABL1 levels at the start of dasatinib treatment.

This study has several limitations. Some of the data in this study were collected 

retrospectively and this may account for some of the differences between DASFREE 

and other TFR studies. In addition, although several baseline factors were identified as 

potentially predictive of maintaining TFR in this study, the small sample size does not allow 

a statistical comparison and the data should be interpreted with caution.

Findings from the 5-year follow-up of DASFREE showed that discontinuation of dasatinib is 

a viable option for patients with CML-CP in sustained DMR after first- or subsequent-line 

dasatinib. About half of the patients who discontinued dasatinib maintained TFR, and in 

those who lost MMR, retreatment was successful, with all evaluable patients regaining 

MMR and MR4.5 after dasatinib was restarted. Finally, the overall safety profile was 

consistent with the known safety profile of dasatinib and no new withdrawal events were 

reported since the 2-year follow-up.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Treatment-free remission (EFS) rate

Adapted with permission from Shah, et al., HemaSphere 2022.27 © 2022 Wolters Kluwer 

Health Inc.

Abbreviations: 1L, first-line; 2L, second-line; CI, confidence interval; EFS, event-free 

survival; NE, not evaluable; TFR, treatment-free remission.
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Figure 2. 
Kinetics of loss and recovery of MMR/MR4.5

Abbreviations: MMR, major molecular response; MR4.5, molecular response with 4.5-log 

reduction in BCR::ABL1 transcript levels.
aOne patient lost MMR and restarted treatment, but only had one follow-up polymerase 

chain reaction assessment 1 month after restart and thus could not be evaluated for response.
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Figure 3. 
Kaplan–Meier estimate of PFS

Abbreviations: CI, confidence interval; NE, not estimable; PFS, progression-free survival.
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Figure 4. 
Univariate analysis of TFR during the 5-year study period

Based on Cox proportional hazards model with EFS as dependent variable and sex, age 

group, duration of prior dasatinib, duration of prior TKI, prior therapy line and Sokal score 

as predictor variables. Hazard ratios are estimated for male over female, age < 65 over age 

≥ 65 years, duration of prior dasatinib ≥ median over < median, duration of prior TKI ≥ 

median over < median, first line of therapy over 2nd-/3rd-line of therapy, Sokal score of 

intermediate over low and Sokal score of high over intermediate.

Numbers of patients (n) for each covariate are based on non-missing information.

Abbreviations: CI, confidence interval; EFS, event-free survival; TFR, treatment-free 

remission; TKI, tyrosine kinase inhibitor.
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