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Abstract
Background: Tyrosine kinase inhibitors (TKI) can be safely discontinued in chronic 
phase chronic myeloid leukemia (CP-CML) patients who had achieved a sustained 
deep molecular response. Based on the results of discontinuation trials, recommen-
dations regarding patient selection for a treatment-free remission (TFR) attempt had 
been proposed. The aims of this study were to evaluate the rate of patients eligible 
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1  |   INTRODUCTION

Following the results of the first two large studies evaluating 
the possibility of imatinib (IMA) discontinuation in chronic 
phase chronic myeloid leukemia (CP-CML) patients who 
had achieved a sustained deep molecular response (DMR), 
numerous experiences of tyrosine kinase inhibitor (TKI) 
cessation are now available.1–3 Currently, thousands CML 
patients have discontinued TKI. Approximately half of them 
have prolonged treatment-free remission (TFR). Several pre-
dictive factors have been correlated to the risk of molecular 
recurrence (MolRec) after TKI stop. Among these, depth and 
duration of a molecular response and TKI duration before 
TKI cessation are the most relevant. However, rather than an 
accurate prediction of MolRec after TKI stop, these criteria 
ensure that TKI resumption will lead to a second DMR in 
most if not all the patients. Given the recent report of infre-
quent progression events after TKI discontinuation, selecting 
patients who will be optimal candidates for TFR experience 
outside a clinical trial and in daily clinical practice remains a 
significant challenge.4,5 Over the past 4 years several recom-
mendations regarding the selection of the patients for a TFR 
program have been proposed.6–9 While CP of the disease at 
diagnosis and during follow-up and typical BCR-ABL1 tran-
script are conditions shared by all of these recommendations, 

TKI type and duration, depth and duration of DMR and CML 
history in terms of non-optimal response or switch unrelated 
to TKI intolerance, support some slight differences. Whether 
these differences have an impact on TFR eligibility and TFR 
rate remains to be dertermined. The aims of this retrospec-
tive and observational study were to evaluate the proportion 
of eligible patients to TFR and to estimate the molecular 
recurrence-free survival (MRFS) after TKI cessation in CP-
CML according to the patient selection criteria suggested in 
these recommendations.

2  |   METHODS

2.1  |  Patients

Over a 10-year period (January 2006 to December 2015), 
patients of 18 year-old or more, diagnosed in CP-CML and 
treated with TKI at any initial daily dose in the nine participat-
ing centers in southwest France were included in this study. 
Patients were identified in the southwest CML register ap-
proved by the Comission Nationale Informatique et Libertés 
(CNIL, Paris, France; CNIL approval DR-2015–384). All 
living patients have been informed and have not expressed 
their opposition to be included in this retrospective and 

for TKI discontinuation and molecular recurrence-free survival (MRFS) after stop 
according to recommendations.
Methods: Over a 10-year period, newly diagnosed CP-CML patients and treated with 
first-line TKI in the nine French participating centers were included. Eligibility to 
treatment discontinuation and MRFS were analyzed and compared according to se-
lection criteria defined by recommendations and first-line treatments.
Results: From January 2006 to December 2015, 398 patients were considered. Among 
them, 73% and 27% of patients received imatinib or either second or third generation 
tyrosine kinase inhibitors as frontline treatment, respectively. Considering the selec-
tion criteria defined by recommendations, up to 55% of the patients were selected as 
optimal candidates for treatment discontinuation. Overall 95/398 (24%) discontinued 
treatment. MRFS was 51.8% [95% CI 41.41–62.19] at 2 years and 43.8% [31.45–
56.15] at 5 years. Patients receiving frontline second-generation TKI and fulfilling 
the eligibility criteria suggested by recommendations had the lowest probability of 
molecular relapse after TKI stop when compare to others.
Conclusion: One third of CP-CML patients treated with TKI frontline fulfilled 
the selection criteria suggested by European LeukemiaNet TFR recommendations. 
Meeting selection criteria and second-generation TKI frontline were associated with 
the highest MRFS.

K E Y W O R D S

molecular recurrence-free survival, recommendations, tyrosine kinase inhibitor discontinuation
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observational study according to the current French regula-
tions. The study has been approved by the Institut Bergonié 
institutional review board.

2.2  |  Definitions

Phase of the disease, Sokal and EUTOS long-term survival 
(ELTS) risk scores, responses to TKIs as first-line treatment 
were defined according to the European LeukemiaNet (ELN) 
recommendations.9,10 Molecular response was assessed by 
reverse transcription quantitative polymerase chain reaction 
(RT-qPCR) and reported as ratios of BCR-ABL1 to ABL1 
standardized to the international scale (IS) (BCR-ABLIS) ac-
cording to previously reported recommendations.11,12 BCR-
ABL1/ABL1 assessments were performed every 3–4 months 
and MR4 and MR4.5 were defined as 4-log reduction or 
BCR-ABLIS ≤0.01% and 4.5-log reduction or BCR-ABLIS 
≤0.0032%, respectively. Each molecular response level has 
to be confirmed on two consecutive analyses at least two 
months apart. Date of each level corresponds to the first date 
of occurrence. Molecular responses were defined as sus-
tained if no BCR-ABLIS demonstrated a MR4 loss during the 
observational period for MR4, and for MR4.5 if no more than 
one BCR-ABLIS assessment on a twelve-month period dem-
onstrated a MR4.5 loss with retained MR4.

Molecular follow-up after TKI cessation was performed 
as recommended.6–9 MolRec after TKI discontinuation was 
defined either as a confirmed positivity of BCR-ABLIS with 
an increase of 1-log on two consecutive assessments or MMR 
loss. Considering the selection criteria proposed by Hughes 

et al.,6 and Hochhaus et al.,9 the "green" criteria and the "op-
timal" situation in patients fulfilling the mandatory require-
ments for TKI discontinuation were retained for the analyses, 
respectively.6,9 Selection criteria according to the proposed 
recommendations are summarized in Table 1.

Eligibility to TFR according to the recommendations was 
performed as follow. Patients were selected first on the basis 
of duration and depth of molecular response as required, fol-
lowed by TKI duration and finally for the selected patient 
by baseline characteristics (atypical BCR-ABL1 transcript, 
Sokal risk score) and CML history (non-optimal response 
according to the 2013 ELN recommendations, TKI switch 
unrelated to intolerance).10

2.3  |  Statistical analyses

Patients were classified into two groups for each recommen-
dation based on whether they met the corresponding criteria. 
Molecular recurrence-free survival (MRFS) was measured 
from the date of TKI discontinuation to the date of MolRec 
or last follow-up for patients who did not relapse. MRFS 
with their 95% confidence interval (95% CI) were estimated 
by Kaplan Meier Method, and between-group compari-
sons were performed using the logrank test. Several deaths 
were observed in DMR patients without MolRec, molecular 
recurrence-free remission (MRFR) was assessed by Fine and 
Gray method, considering deaths as competing risks. The im-
pact of TKI frontline (IMA vs 2-G TKI) associated with the 
presence or absence of eligibility criteria on the occurrence of 
MolRec was secondly analyzed. Cumulative incidences (CIn) 

T A B L E  1   Proposed selection criteria for optimal tyrosine kinase discontinuation according to Hughes et al.,6 Rea et al.,7 Radich et al.,8 and 
Hochhaus et al.9

Reference
Hughes et al. Blood 
2016

Rea et al. Cancer 
2018

Radich et al. J Natl Compr 
Canc Netw. 2018

Hochhaus et al. 
Leukemia 2020

Proposed selection criteria for 
optimal TKI discontinuation

CP only CP only CP only CP-CML in first CP

BCR-ABL1 transcript 
e13a2 or e14a2

BCR-ABL1 
transcript e13a2 
or e14a2

Prior evidence of 
quantifiable BCR-ABL1 
transcript

Typical BCR-ABL1 
transcript (e13a2, 
e14a2)

MR4.5 sustained 
>24 months

MR4.5 sustained 
>24 months

MR4 sustained ≥24 months MR4 > 3 years or MR4.5 
> 2 years

TKI duration 
>8 years

TKI duration 
>5 years

TKI duration ≥3 years TKI duration >5 years

Optimal response to 
first-line TKI

No prior AHSCT, 
progression, 
resistance, 
suboptimal 
response, or 
warning

No prior history of 
accelerated or blast phase 
CML

First-line TKI or 2nd line 
if change related to 
intolerance

Sokal non high ≥18 years at TKI 
discontinuation

Age ≥18 years No prior treatment failure

Abbreviations: AHSCT, allogenic hematopoietic stem cell transplantation; CP, chronic phase; TKI, tyrosine kinase inhibitor.
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of re-acquisition of MMR, MR4 and MR4.5 in patients who 
restarted TKI following MolRec, were measured from the date 
of TKI resumption to the date of achieving a second DMR. 
CIn of MMR was assessed only in patients who lost MMR 
before TKI resumption. As some patients died before achiev-
ing some second molecular response, CIn were analyzed using 
Fine and Gray method, considering deaths as competing risks.

All statistical analyses were carried with R software and 
IBM® SPSS software, version 22 (IBM Corp.). The statistical 
significance level was (two-sided) 0.05.

3  |   RESULTS

3.1  |  Patients

From January 2006 to December 2015, 398 CP-CML pa-
tients diagnosed in the nine participating centers in southwest 
France have been included in this study.

Baseline characteristics of the study population have been 
previously reported.13 Briefly, the median age at diagnosis 
was 61.7 years (range, 18.6 to 90.2 years), 58% of patients 
were male, and Sokal and ELTS risk scores were high in 
19% and 13% of them, respectively. Three (0.7%) patients 

harbored an atypical BCR-ABL1 transcript and 30 (7.5%) pa-
tients have an additional chromosome abnormality consid-
ered as "major route" in 12 (3%) of them. First-line TKI was 
IMA and second or third generation TKI (2-3G TKI) in 291 
(73%) and 107 (27%) patients, respectively. With a median 
follow-up of 7  years (range, 0.6 to 13.8  years), 182 (46%) 
patients had achieved a MR4.5 sustained at least 24 months.

3.2  |  Eligibility to treatment-free 
remission according to selection criteria 
recommendations

Based on the selection criteria suggested by Hughes et al.,6 
Rea et al.,7 Radich et al.,8 and Hochhaus et al.,9 38 (9.5%), 
114 (28.6%), 219 (55.0%) and 145 (36.4%) patients were 
optimal candidates to TFR, respectively (Figure 1). All the 
patients selected as optimal candidates with the criteria pro-
posed by Rea et al.7 were all positively selected by Hochhaus 
et al.9 recommendation criteria. Among the 145 patients 
qualified as optimal according to Hochhaus et al. criteria,9 31 
patients were not considered as optimal for TKI cessation ac-
cording to Rea et al. criteria.7 Among them, 15 patients have 
a non-optimal response to TKI frontline (BCR-ABLIS >10% 

F I G U R E  1   Eligibility to treatment free remission according to selection criteria proposed in Hughes et al.,6 Rea et al.,7 Radich et al.,8 and 
Hochhaus et al.9 in de novo CP-CML patients (N = 398 pts)

Achieved a 
MR4.5 > 2 years?

Yes
N=184 pts
(46.2%)

No
N=214 pts
(53.7%)

TKI duration 
> 8 years?

No
N=118 pts
(29.6%)Yes

N=66 pts
(16.5%)

Atypical BCR-ABL1 transcript?
or

Sokal High or unknown?
or

Non optimal response to TKI?

Yes
N=28 pts
(7.0%)

No
N=38 pts
(9.5%)

N=398

Hughes et al.

Achieved a 
MR4> 2 years?

Yes
N=264 pts
(66.3%)

No
N=134 pts
(33.6%)

TKI duration 
> 3 years?

No
N=44 pts
(11.0%)Yes

N=220 pts(55.2%)

Atypical BCR-ABL1 transcript?
or

Prior histoty of accelerated
or blast phase

Yes
N=1 pts
(0.2%)

No
N=219 pts
(55.0%)

N=398

Radich et al.

Achieved a MR4 > 3 years
and or MR4.5 > 2 years?

Yes
N=205 pts
(51.5%)

No
N=193 pts
(48.4%)

TKI duration 
> 5 years?

No
N=46 pts
(11.5%)Yes

N=159 pts(39.9%)

Atypical BCR-ABL1 transcript?
or

Prior treatment failure
or

Switch to 2nd line unrelated
to intolerance

Yes
N=14 pts
(3.5%)

No
N=145 pts
(36.4%)

N=398

Hochhaus et al.

Achieved a 
MR4.5 > 2 years?

Yes
N=184 pts
(46.2%)

No
N=214 pts
(53.7%)

TKI duration 
> 5 years?

No
N=45 pts
(11.3%)Yes

N=139 pts(34.9%)

Atypical BCR-ABL1 transcript?
or

Non optimal response to TKI?

Yes
N=25 pts
(6.2%)

No
N=114 pts
(28.6%)

N=398

Rea et al.
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at 3  months and >0.1%-1% at 12  months, n  =  4; >0.1%–
1% at 12 months, n = 11) and 16 patients failed to achieved 
an MR4.5 sustained for at least two years but maintained 
an MR4 sustained at least three years, despite TKI duration 
longer than five years for all them.

3.3  |  Molecular recurrence-free survival

Among the 398 patients, 95 (23.8%) patients discontinued TKI 
with a TFR attempt. Baseline and ongoing characteristics of the 
study population is presented in Table 2. Among them 10/95 
patients died of CML-unrelated causes (secondary neoplasm, 
n  =  2; cardiovascular diseases, n  =  2; non-cardiac chronic 
organ failures, n = 5; infectious disease, n = 1). The median 
age at death was 83.1 years (range: 66.0–92.4). Four patients 
died without MolRec at 8.0, 8.7, 10.3 and 54.5 months after 
TKI stop. The remaining 6 patients died after MolRec with 
a median time from TKI stop and TKI resumption following 
MolRec to the date of death of 45.3 months (range: 9.9–73.0) 
and 32.0 months (range: 3.4–60.3), respectively. With a me-
dian follow-up of 36.46 months (range: 4.16–121.93) after TKI 
discontinuation, 44/95 (46.32%) patients had molecular recur-
rence consisting in MMR loss (n = 38) or confirmed loss of 
MR4 with an increase of BCR-ABLIS of at least one log (n = 6) 
increase. Then MRFS was 51.8% [95% CI: 41.41–62.19] at 
2 years and 43.8% [95% CI: 31.45–56.15] at 5 years. The me-
dian follow-up for patients without MolRec was 50.6 months 
(ranged: 4.2–121.9). No resumption of treatment in DMR was 
observed and no CML event progression was reported.

3.4  |  Molecular recurrence-free 
survival according to selection criteria 
recommendations

Among these 95 patients, 11 (11.5%), 49 (51.5%), 89 (93%), 
58 (61.0%) fulfilled the selection criteria proposed by Hughes 
et al.,6 Rea et al.,7 Radich et al.,8 and Hochhaus et al.,9 re-
spectively. Baseline and ongoing characteristics of the sub-
groups defined as optimal for TFR according to selection 
criteria of recommendations are presented in Table 3. Nine 
patients were positively selected as optimal candidates ac-
cording to Hochhaus et al.9 criteria but were excluded when 
Rea et al.7 criteria were considered. Among them, seven pa-
tients failed to achieve a MMR at 12 months from TKI start 
(IMA first-line, n  =  6; second-generation (2-G) TKI first-
line, n = 1) and were qualified as Warning according to the 
2013 ELN recommendations and two other patients achieved 
a MR4 sustained at least 36 months without MR4.5 sustained 
at least 24 months. MRFS of patients who fulfilled the se-
lection criteria proposed by Rea et al.7 and Hochhaus et al.9 
were significantly different as compared to those who did 

not, whereas no difference of MRFS was observed regard-
ing the criteria proposed by Hughes et al.6 and Radich et al.8 
(Figure 2). The estimated 2-year MRFS were 41.6% [95% CI: 
11.0–72.2] versus 53.1% [95% CI: 42.12–64.07], 61% [95% 
CI: 46.5–75.5] versus 42.8% [95% CI: 28.3–57.3], 53% [95% 
CI: 42.2–63.8] versus 33.3% [95% CI: −4.3–70.9], 65.4% 
[95% CI: 52.7] versus 32.4% [95% CI: 17.3–47.5], for pa-
tients who satisfied or not Hughes et al.,6 Rea et al.,7 Radich 
et al.,8 Hochhaus et al.9 eligibility criteria, respectively.

Results were more significant (based on p-value) for 
Hochhaus et al.9 than Rea et al.7 suggesting a better patients’ 
categorization by the ELN criteria in our cohort. Same results 
were observed for MRFR (data not shown).

T A B L E  2   Baseline and ongoing characteristics of the study 
population (N = 95 pts)

Variables N = 95

Female gender, n pts, (%) 53 (55.8)

Median age at diagnosis, years (range) 62.6 (19.2–85.6)

Sokal Risk Score, n pts (%)

Low 23 (24.2)

Intermediate 47 (49.5)

High 21 (22.1)

Unknown 4 (4.2)

ELTS Risk Score, n pts (%)

Low 53 (55.8)

Intermediate 23 (24.2)

High 13 (13.7)

Unknown 6 (6.3)

BCR-ABL transcript type, n pts (%)

B2A2 31 (32.6)

B3A2 54 (56.8)

B2A2+B3A2 3 (3.2)

M 7 (7.4)

ACA at diagnosis (major), n pts 5 (5.3)

IMA first-line, n pts (%) 71 (74.7)

2-G TKI first-line, n pts (%) 24 (25.3)

Achieved MR4.5, n pts (%) 87 (91.6)

Median time from TKI start to MR4.5, months 
(range)

22 (2.6–88.0)

Achieved MR4.5 sustained at least 24 months, 
n pts

85 (89.5)

Median MR4.5 duration, months (range) 44 (13.1–113.4)

TKI First-line at TKI discontinuation, n pts (%) 75 (78.9)

Median Time from TKI start to TKI 
discontinuation, months (range)

72.6 (33.6–134.4)

Median follow-up after TKI stop, months (range) 36.5 (4.2–121.9)

Abbreviations: 2G TKI, second-generation TKI; ACA, additional cytogenetic 
abnormalities; ELTS, EUTOS Long-Term Survival; IMA, imatinib; MR4, 
Molecular Response 4 log; MR4.5, Molecular Response 4.5 log; TKI, tyrosine 
kinase inhibitor.
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3.5  |  Molecular remission-free 
survival according to selection criteria 
recommendations and TKI first-line

Based on the hypothesis that first-line TKI type (IMA 
vs 2-3G TKI) may have an impact on MRFS,13 we next 

analyzed the impact of first-line TKI together with the se-
lection criteria proposed by recommendations. None of the 
95 patients who discontinued TKI in this study received 
frontline or thereafter third generation TKI. As only one 
patient out of 11 positively selected according to Hughes 
et al.6 criteria and only 1 patient out of 6 negatively selected 

T A B L E  3   Baseline and ongoing characteristics of the subgroups defined as optimal for treatment free remission according to the selection 
criteria proposed by Hughes et al.6 (N = 11 pts), Rea et al.7 (N = 49 pts), Radich et al.8 (N = 89 pts), and Hochhaus et al.9 (N = 58 pts) 
recommendations among the 95 CP-CML who discontinued tyrosine kinase inhibitors

Variables

Hughes et al. 
Blood 20166

N = 11

Rea et al. Cancer 
20187

N = 49

Radich et al. J Natl 
Compr Canc Netw. 20188

N = 89

Hochhaus et al. 
Leukemia 20209

N = 58

Female gender, n pts, (%) 5 (45.4) 25 (51.0) 49 (55.1) 30 (51.7)

Median age at diagnosis, years (range) 55.4 (35.9–82.4) 61.6 (27.6–82.4) 61.9 (19.2–85.6) 62.1 (27.6–82.4)

Sokal Risk Score, n pts (%)

Low 4 (36.4) 11 (22.4) 22 (24.7) 13 (22.4)

Intermediate 7 (63.6) 25 (51.0) 44 (49.4) 31 (53.4)

High 0 (0) 10 (20.4) 19 (21.3) 11 (19.0)

Unknown 0 (0) 3 (6.1) 4 (4.5) 3 (5.17)

ELTS Risk Score, n pts (%)

Low 7 (36.4) 26 (53.1) 49 (55.1) 32 (55.2)

Intermediate 4 (63.6) 13 (26.5) 21 (23.6) 14 (24.1)

High 0 (0) 6 (12.2) 13 (14.6) 8 (13.8)

Unknown 0 (0) 4 (8.2) 6 (6.7) 4 (6.9)

BCR-ABL transcript type, n pts (%)

B2A2 4 (36.4) 15 (30.6) 28 (31.5) 18 (31.0)

B3A2 5 (45.4) 27 (55.1) 52 (58.4) 33 (56.9)

B2A2+B3A2 1 (9.1) 2 (4.1) 3 (3.4) 2 (3.4)

M 1 (9.1) 5 (10.0) 6 (6.7) 5 (8.6)

ACA at diagnosis (major), n pts 0 (0) 3 (1) 4 (4.5) 4 (1)

IMA first-line, n pts (%) 10 (90.9) 37 (75.5) 66 (74.2) 45 (77.5)

2-G TKI first-line, n pts (%) 1 (9.1) 12 (24.4) 23 (25.8) 13 (22.4)

History of WAR, n pts (%) 0 (0) 0 (0) 10 (11.2)a  7 (12.0)c 

History of FAIL, n pts (%) 0 (0) 0 (0) 4 (4.5)b  0 (0)

Achieved MR4.5, n pts (%) 11 49 87 58

Median time from TKI start to MR4.5, months 
(range)

51.2 (8.7–88.0) 23.7 (5.3–88.0) 22.2 (2.6–88.0) 27.1 (5.3–88.0)

Achieved MR4.5 sustained at least 24 months, n 
pts (%)

11 (100.0) 49 (100.0) 82 (92.1) 56 (96.5)

Median MR4.5 duration, months (range) 61.8 (37.1–112.6) 57.0 (24.5–113.4) 44.9 (13.1–113.4) 55.6 (24.5–113.4)

TKI First-line at TKI discontinuation, n pts (%) 8 (72.7) 40 (81.6) 72 (80.9) 47 (82.4)

Median Time from TKI start to TKI 
discontinuation, months (range)

112.1 (96–134.4) 87.2 (60–134.4) 73.1 (36.0–134.4) 87.7 (59.9–134.4)

Median follow-up after TKI stop, months (range) 24.8 (5.3–49.7) 24.4 (4.16–103.8) 36.2 (4.16–103.8) 25.8 (4.2–103.8)

Abbreviations: 2-G TKI, second-generation TKI; ACA, additional cytogenetic abnormalities; ELTS, EUTOS Long-Term Survival; FAIL, Failure; IMA, imatinib; 
MR4, molecular response 4 log; MR4.5, molecular response 4.5 log; TKI, tyrosine kinase inhibitor; WAR, Warning.
aFailed to achieve MMR at 12 months from IMA start, (n = 9) or 2-G TKI start (n = 1).
bFailed to achieve or loss of complete cytogenetic response without BCR-ABL mutation (n = 2); BCR-ABLIS >1% at 12 months from IMA start (n = 2).
cFailed to achieve MMR at 12 months from IMA start, (n = 6) or 2-G TKI start (n = 1).
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according to Radich et al.8 criteria were treated with 2-G 
TKI frontline, analyses were performed using Rea et al.7 and 
Hochhaus et al.9 criteria. MRFS according to first-line TKI 
type and positive or negative selection with the proposed 
criteria are presented in Figure 3. Patients treated with 2-G 
TKI frontline and who fulfilled the eligibility criteria have 
the best probability of remaining free from MolRec. In con-
trast, patients treated with IMA frontline and without eli-
gibility criteria at the time of TKI discontinuation have the 
highest risk of MolRec.

3.6  |  Second molecular responses after 
TKI resumption

MolRec occurred in 44/95 (46.32%) patients of whom 38/44 
(81.8%) patients had MMR loss. The median time from TKI 
stop to MolRec was 3.75  months (range: 0.95–63.77) and 
median maximal BCR-ABLIS measured during the TFR pe-
riod in patients who lost MMR was 0.78% (range: 0.101–
24.36). None of the MolRec was associated with a loss of 
complete hematologic response. Except for a 96-year-old 

F I G U R E  2   Molecular recurrence-free survival after TKI cessation according to eligibility criteria proposed in Hughes et al.,6 Rea et al.,7 
Radich et al.,8 and Hochhaus et al.,9 (N = 95 pts)
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woman who lost MMR five years after TKI stop but main-
tained a BCR-ABLIS <1%, patients who experienced MolRec 
had TKI resumption.

Thirty-six (36) (81%) patients resumed the TKI that had 
been stopped and 7 (19%) patients restarted another TKI. 
Among them, six patients who have stopped imatinib resumed 
a 2-G TKI at the time of MolRec because of chronic grade 2 
adverse events experienced on imatinib (mainly chronic ar-
thromyalgia) and one patient who stopped nilotinib resumed 
dasatinib because of worsening dyslipidemia. The median 
time from MolRec to TKI resumption and from TKI resump-
tion to last available information were 1.15  months (range: 
0.23–6.30) and 37.31  months (range: 2.49–115.87), respec-
tively. Among the 37 patients who restarted TKI after MMR 
loss, two patients failed to achieve a second MMR because 
of insufficient follow-up after TKI resumption (2.49 months) 
in one patient and admitted lack of adherence following TKI 
restart in the other one. Six additional patients failed to ob-
tain a second MR4 for several reasons (three patients died of 
CML unrelated causes at 3.44, 6.49 and 60.39 months after 
TKI resumption; deaths were related to cardiovascular disease 
in a 78-year-old man who stopped and resumed imatinib; in-
fectious disease in an 86-year-old woman who stopped and 
resumed imatinib; endstage toxic liver disease in a 66-year-old 
woman who stopped imatinib and resumed dasatinib; one 
patient restarted TKI with a 50% dose-reduction because of 
worsening comorbidities; admitted lack of adherence after 
TKI resumption in two other patients). The CIn of MMR, MR4 
and MR4.5 after TKI resumption are presented in Figure 4.

4  |   DISCUSSION

The opportunity of prolonged TKI discontinuation in CP-
CML patients becomes nowadays and in daily clinical 

F I G U R E  3   Molecular recurrence-free survival after TKI cessation according eligibility criteria proposed in Rea et al.,7 Hochhaus et al.,9 and 
TKI frontline (IMA vs second-generation TKI) (N = 95 pts)
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F I G U R E  4   Cumulative incidence of second major molecular 
response, MR4 log and MR4.5 log after TKI resumption in patients 
experienced molecular recurrence after TKI stop (N = 43 pts)
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practice, a frequently asked question of physicians and pa-
tients. Based on the results of numerous clinical trials evalu-
ating the feasibility of TKI stop, recommendations by experts 
in the field have been suggested and concern notably the 
optimal selection of the patient, the monitoring after TKI 
cessation and treatment resumption after MolRec currently 
defined by MMR loss.4,6,7,9 The main objectives of these rec-
ommendations were to ensure TKI stop's safety which can 
be defined by the absence of CML event progression dur-
ing the TFR period and the achievement of a second DMR 
after TKI restart following MolRec. Currently, no discon-
tinuation clinical trial reported progression event. A second 
DMR has been achieved in most if not all the patients after 
TKI resumption. However, few CML progression cases have 
been reported after TKI stop outside clinical discontinua-
tion trial.4,5 Whether TKI stop accounts for these rare events 
remains to be determined as sudden blast phases have been 
previously reported in patients treated with TKI and in ap-
parent sustained complete cytogenetic response and in some 
of them in DMR.14–17 Nonetheless, these events strongly em-
phasize the importance of these recommendations. Although 
37/95 (39%) patients did not fulfill the selection criteria re-
cently proposed by Hochhaus et al.9 no event progression 
was reported. Nevertheless, we observed several MolRec 
with a very fast kinetic. Indeed, four and 11 patients at the 
time of MolRec had a BCR-ABLIS higher than 10% and 1% 
respectively. Only 30% of these patients did not fulfill the 
optimal selection criteria suggested by the recommendations. 
All these fast MolRec were registered during the six months 
following TKI cessation and without loss of complete hema-
tologic response at that time, illustrating the need of a close 
molecular follow-up after TKI stop. Except for one older pa-
tient who did not restart TKI following late MMR loss, all 
the patients have TKI resumption and only a few of them 
did not achieve a second DMR (MR4 or MR4.5). Lack of 
achievement of second DMR was related to patient specific 
conditions, namely, CML-unrelated death and or insufficient 
follow-up after TKI restart, TKI dose-reduction because of 
worsening comorbidities and lack of adherence to TKI after 
resumption.

Key points of these recommendations concern the opti-
mal selection of the patient before TKI stop. Mainly based 
on baseline characteristics, TKI duration and duration and 
depth of DMR observed during TKI treatment, the proposed 
criteria for an optimal selection of the patient had evolved 
over time. Indeed, high-risk Sokal risk score which was as-
sociated in some TKI discontinuation studies with a higher 
risk of MolRec, was considered as an exclusion criterion in 
the recommendations proposed by Hughes et al. four years 
ago. However we believe that Sokal risk score and other 
baseline characteristics such as gender and BCR-ABL1 tran-
script type strongly influence the probability of achieving 
a sustained DMR rather than the risk of relapse after TKI 

discontinuation. Currently, TKI duration and depth and du-
ration of DMR remain the most important predictive factors 
of sustained DMR after TKI stop. From a statistical point 
of view, both variables are correlated and have to be taken 
into account in a TFR attempt. Whether prolonged TKI du-
ration in patients with sustained DMR, is associated with a 
higher rate of molecular remission after TKI stop remains to 
be determined. Interim analyses of the EUROSKI discontin-
uation trial have suggested that the probability of maintain-
ing MMR after TKI stop increase with years on TKI.18 With 
respect to the size of the subgroup defined by the criteria 
proposed by Hughes et al.6 and based on TKI duration lon-
ger than 8 years, molecular remission rate after stop did not 
increase significantly compared to others despite a sustained 
DMR in all patients. However, in this subgroup median time 
from TKI start to the onset of DMR was longer than those 
observed in the subgroups defined by the criteria proposed 
by Rea et al.7 and Hochhaus et al.9 suggesting that time 
to achieve a DMR may also influence MRFS. Up to date, 
sustained DMR and TKI duration remain the most relevant 
predictive factors of MRFS. Although several TKI discon-
tinuation trials had offered the possibility of TKI stop after a 
minimum TKI duration of 3 years, the median TKI duration 
before stop ranged from 5 to 8 years with very few patients 
treated less than 5  years before TKI stop.1,2,18–21 Together 
these findings highlight that TKI duration before stop has a 
strong impact on MRFS and reinforces the need for a pro-
longed TKI duration from the perspective of a successful 
TKI discontinuation.

Whether patients who did not achieve an optimal TKI 
frontline response should be excluded from a TFR attempt 
remains to be determined. In this study, three patients treated 
with IMA frontline were considered as Failure according to 
the 2013 ELN recommendations and switched to 2-G TKI. 
They achieved a sustained DMR longer than 24 months. Two 
of them had molecular recurrence and achieved a second 
DMR after TKI resumption. Seven patients (IMA frontline, 
n = 6) were considered as Warning and did not switch to 2-G 
TKI. These patients were excluded from the Rea subgroup 
but positively selected in the Hochhaus subgroup. Among 
these "non-optimal" patients, only two of them experienced 
molecular relapse after TKI stop. This may explain, in part, 
the most significant observed p-value when MRFS was 
compared between patients selected according to Hochhaus 
et al.9 criteria versus Rea et al.7 criteria. Thus we believe 
that patients with a history of warning without switch be-
fore stop should not be excluded from TFR attempt provided 
that DMR has been sustained and TKI duration longer than 
5 years.

While aims of TFR recommendations are to help physi-
cians in the selection of the patients and the follow-up after 
TKI stop, from the patient's point of view two main questions 
remain. The first one concerns the probability of meeting the 
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criteria suggested by these recommendations. In this study 
and according to the most recent recommendations, we can 
estimate that 36% of the patients will be optimal candidates 
to TKI discontinuation. The second one concerns the proba-
bility of remaining free from TKI after stop if these recom-
mendations are followed. Based on this observational study, 
we estimate that the probability of MRFS should be close to 
60% at 2 years and 50% at 5 years. Meeting the selection cri-
teria suggested by recommendations and front-line 2-G TKI 
leads to the highest MRFS reaching in this study 80%.
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