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ABSTRACT
Until recently, the main goal of chronic myeloid leukemia therapy was disease control with the best overall survival, which required life-
long treatment. However, currently, the treatment-free remission concept is becoming an important goal in clinical practice, and several 
tyrosine kinase inhibitors discontinuation studies have shown that around 50% of patients with a durable deep molecular response 
beyond major molecular response successfully interrupt tyrosine kinase inhibitors for at least three years without loss of molecular re-
sponse. However, and regardless of the existing evidence, the exact conditions for attempting treatment-free remission remain poorly 
defined. Different authors tried to guide the clinical decision regarding this topic but there are some points that differ, namely with re-
spect to the recommended duration of tyrosine kinase inhibitors therapy and the appropriate molecular response prior to treatment-free 
remission. The goal of this article is to propose an algorithm to guide clinical practice in Portugal concerning chronic phase-chronic 
myeloid leukemia patients who wish to attempt treatment-free remission, since there are no national guidelines.
Keywords: Leukemia, Myelogenous, Chronic, BCR-ABL Positive; Portugal; Protein Kinase Inhibitors; Remission Induction

RESUMO
Até recentemente, o objectivo principal do tratamento da leucemia mielóide crónica era o controlo da doença com o maior tempo 
possível de sobrevivência, o que requeria tratamento durante toda a vida. No entanto, e actualmente, o conceito de remissão livre de 
tratamento está a tornar-se um objectivo importante na prática clínica, e vários estudos de descontinuação de inibidores de tirosina 
cinase mostraram que cerca de 50% dos doentes com uma resposta molecular profunda duradoura, para além da resposta molecular 
major, interrompem tratamento com inibidores de tirosina cinase com sucesso durante pelo menos três anos sem perda da resposta 
molecular. No entanto, e apesar da evidência existente, as condições concretas e exactas para tentar remissão livre de tratamento são 
ainda pouco conhecidas. Diferentes autores tentaram guiar a decisão clínica sobre este tópico mas alguns pontos permanecem não 
consensuais, nomeadamente no que respeita à duração recomendada de tratamento com inibidores de tirosina cinase e à resposta 
molecular apropriada antes de tentar remissão livre de tratamento. O objectivo desta publicação é propor um algoritmo que permita 
guiar a prática clínica em Portugal relativa a doentes com leucemia mielóide crónica ou em fase crónica que pretendam tentar remis-
são livre de tratamento, dada a ausência de recomendações nacionais.
Palavras-chave: Indução de Remissão; Inibidores de Proteínas Quinases; Leucemia Mielogénica Crónica BCR-ABL Positiva; Portugal

INTRODUCTION
Tyrosine kinase inhibitors (TKIs) changed the treat-

ment and survival of patients with chronic myeloid leukemia 
(CML) radically and are currently the cornerstone of CML 
treatment, improving outcomes and rendering CML a para-
digm for molecular targeted therapy. Imatinib mesylate was 
the first adenosine triphosphate (ATP) competitive inhib-
itor of the fusion gene breakpoint cluster region-Abelson 

murine leukemia viral oncogene homolog 1 (BCR-ABL1) to 
receive approval for the treatment of patients with CML.1 
Subsequently, other TKIs have been developed with a high-
er target specificity and potency. At present, five TKIs are 
approved for the treatment of CML: imatinib (a first gen-
eration TKI), nilotinib, dasatinib, bosutinib (second genera-
tion TKIs), and ponatinib (a third generation TKI).2 The life 
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expectancy of TKI-treated CML patients has been reported 
to be close to that of the general population.3

Treatment free remission 
Until recently, the main goal of CML therapy was disease 

control with the best possible overall survival (OS) but with 
lifelong treatment. This was due to the fact that TKIs appear 
not to eradicate quiescent BCR-ABL1+ leukemia stem cells, 
regardless of the inhibition of BCR-ABL1 activity.4 However, 
some patients achieve “molecularly undetectable disease 
for long periods of time”, challenging physicians to attempt 
discontinuation of TKI therapy.5 Nevertheless, it should be 
highlighted that patients with a good response to TKIs and 
a controlled ‘molecular disease’ should not be exposed to 
unnecessary risks.6

Currently, the emergent treatment-free remission (TFR) 
concept is becoming an important goal in clinical practice. 
There are several reasons that render TFR an attractive 
strategy for patients and physicians such as: reducing 
treatment adverse events and avoiding long-term toxicities, 
improving patients’ quality of life and alleviating the financial 
burden of TKI therapy,10 although the availability of generic 
imatinib has considerably reduced costs, and price is no 
longer an important issue for patients on imatinib. Since 
the pioneer STIM trial,11 such approach has been proposed 
in at least 29 discontinuation studies, involving around 
2600 patients.12 TKI discontinuation studies have shown 
that about 50% of patients with durable deep molecular 
response (DMR) beyond major molecular response (MMR) 
successfully interrupt TKI for at least three years without 
loss of molecular response (MR).13,14

Another important issue is that if the patient has to 
resume TKI treatment, MMR is rapidly restored and no 
secondary resistances have been described.15 Of notice, 
after TKI discontinuation, 30% of patients present a revers-
ible phenomenon called ‘the TKI withdrawal syndrome’ 
that includes pruritus and newly occurring or worsening 
musculoskeletal pain that tends to decrease over time.16 
Musculoskeletal pain may require prescription of analgesics 
or non-steroidal anti-inflammatory drugs, and less frequent-
ly corticosteroids. The exact mechanism underlying this 
phenomenon is unknown and this syndrome disappears in 
patients who restart TKI therapy after a molecular relapse. 
Some authors argue that tapering TKI doses prior to discon-
tinuation may attenuate such symptoms.1,16,17

One of the cornerstones of this strategy is molecular 
monitoring of the levels of BCR-ABL1 transcripts by real-
time quantitative polymerase chain reaction (qRT-PCR). 
The International Scale (IS) standardized the quantifica-
tion of BCR-ABL1 (BCR-ABL1IS), allowing for the compar-
ison of results from different laboratories and harmonizing 
response definitions.18

Several clinical trials have shown that some Chronic 
Phase-CML (CP-CML) patients who achieved sustained 
DMR on TKI therapy can safely interrupt TKIs and attempt 
TFR.11,19–26 Most of these trials included patients treated with 
imatinib.11,19–23,26,27 Other studies involve patients treated with 

2nd generation TKIs nilotinib6,22,24,26–30 and dasatinib.22.24–27,31 
Table 1 summarizes the results of different TFR trials.

There have been no reported progressions or deaths 
due to CML during the study periods of more than 2000 
patients included in TFR trials.15 Only two events in this 
population have been reported, both occurring after restart-
ing TKI and regaining MMR. In one patient enrolled in the 
ENETSfreedom trial, MMR loss was accompanied by the 
presence of a nilotinib-resistant F359V BCR-ABL1 muta-
tion.29 However, it is known that some BCR-ABL1 mutations 
may persist at undetectable levels for many years,32 and it 
was not possible to determine if, in this patient, the mutation 
existed prior to TFR or emerged after nilotinib discontinua-
tion. Also, in the A-STIM study, one patient who lost MMR 
after imatinib discontinuation experienced CML transforma-
tion into the lymphoid blast phase.20 No imatinib-resistant 
mutation was identified, but cytogenetic analyses revealed 
chromosomal anomalies in addition to the Philadelphia 
chromosome. Whether the BCR-ABL1+ lymphoid leukemic 
clone was selected during imatinib treatment, during the 
TFR phase, or after resuming imatinib therapy, remains 
unknown. Therefore, and although a formal causal link 
between TKI discontinuation and CML transformation into 
the lymphoid blast phase cannot be established, caution 
is needed in ongoing and future studies, since, albeit very 
rare, these are life-threatening events.15

Data from the TFR studies are enough to ensure safety 
for supervised attempts of TKI withdrawal. Nevertheless, and 
regardless of the existing evidence, the exact conditions for 
attempting TFR are still ill defined. Different authors tried to 
guide the clinical decision regarding this topic, including the 
most recent NCCN and ESMO Guidelines.13,33–36 However, 
there are some points that differ, namely with respect to the 
recommended duration of TKI therapy and the appropriate 
molecular response prior to TFR.13,34 Molecular milestones 
of the response to TKI treatment include early molecular 
response: BCR-ABL1IS ≤ 10% at 3 months; MMR: BCR-
ABL1IS ≤ 0.1%; DMR such as MR4: BCR-ABL1IS ≤ 0.01% 
and MR4.5: BCR-ABL1IS ≤ 0.0032%.18,37–39

The goal of this article is to propose an algorithm to 
guide clinical practice in Portugal concerning CP-CML 
patients that wish to attempt TFR, since there are no nation-
al guidelines.

Practical recommendations for TFR from an expert 
group 

Although there are some prognostic indicators of sus-
tained TFR observed in clinical studies, most of them did 
not reach a significant prognostic value. Age and sex are 
undoubtedly not associated with sustained and successful 
TFR. The main factors associated with a sustained TFR are 
TKI treatment duration and depth of DMR.1,11,13,25,27,29,40–42 
These factors have been taken into consideration for the 
practical recommendations detailed below.
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Table 1 – Summary of ongoing TFR studies in patients with CP-CML

Study TKI treatment Elegibility for 
attempting TFR

Molecular Monitoring 
during TFR TFR

Molecular 
relapse — 
trigger to 
resume TKI

STIM11

(n = 100)
Imatinib 1st line or after 
IFN-α

— At least 3 years of TKI
— MR4.5 with undetectable 
— BCR-ABL1 transcripts for 
— at least 2 years

— Monthly for the 1st year
— Every 2 months in year 2
— Every 3 months thereafter

38%
at 24 

months

Loss of MMR 
or increase in 
BCR-ABL1 ≥ 
1 log

TWISTER19

(n = 40)
Imatinib 1st line or after 
IFN-α

— At least 3 years of TKI
— MR4.5 with undetectable 
— BCR-ABL1 transcripts for 
— at least 2 years

— Monthly for the 1st year
— Every 2 months in year 2
— Every 3 months thereafter

47%
at 24 

months

Loss of MMR 
or confirmed 
loss of MR4.5

A-STIM20

(n = 80)
Imatinib 1st line or after 
IFN-α

— At least 3 years of TKI
— MR4.5 for at least 2 years

— Monthly for the 1st year
— Every 2 months in year 2
— Every 3 months thereafter

64%
At 24 

months

Loss of MMR

KID21

(n = 90)
Imatinib 1st line or after 
IFN-α

— At least 3 years of TKI
— MR4.5 with undetectable 
— BCR-ABL1 transcripts for 
— at least 2 years

— Monthly for the first 6 months
— Every 2 months through 
— month 12
— Every 3 months thereafter

59%
at 24 

months

Loss of MMR

EURO-SKI26,27

(n = 750)
Imatinib 1st line or 
after IFN-α, dasatinib 
or nilotinib 1st line 
or subsequent line, 
excluding patients with 
resistance to any TKI

— At least 3 years of TKI
— MR4 for at least 1 year

— Every 4 to 6 weeks for the 
— 1st year
— Every 3 months in year 2 
— and 3

50%
at 36 

months

Loss of MMR

ISAV23

(n = 112)
Imatinib 1st line or after 
IFN-α

— At least 2 years of TKI
— MR4 or MR4.5 with 
— undetectable BCR-ABL1 
— transcripts for at least 
— 18 months

— Monthly for the first 6 months
— Every 2 months for 36 months

48%
at 36 

months

Loss of MMR

DADI25

(n = 88)
Dasatinib 2nd or 
subsequent line

— At least 1 year dasatinib
— MR4 for at least 1 year

— Monthly for the 1st year
— Every 3 months in year 2
— Every 6 months in year 3

48%
at 12 

months

Loss of MR4

DASFREE53

(n = 84)
Dasatinib 1st or 
subsequent line

— At least 2 years of TKI
— MR4.5 for at least 1 year 
— + 3 additional months of 
— MR4.5 confirmation

— Monthly for the 1st year 63%
at 12 

months

Loss of MMR

D-STOP31

(n = 63)
Dasatinib 1st or 
subsequent line

— At least 2 years of 
— dasatinib consolidation
— MR4 with undetectable 
— BCR-ABL1 transcripts for 
— at least 2 years

— Monthly for the first 6 months
— Every 2 months through 
— month 12
— Every 3 months thereafter

37%
at 12 

months

Confirmed 
loss of MR4

STOP 2G-TKI41

(n = 60)
Dasatinib or nilotinib 
1st or subsequent line

— At least 3 years 
— MR4.5 with undetectable 
— BCR-ABL1 transcripts for 
— at least 2 years

— Monthly for the 1st year
— Every 2-3 months in year 2
— Every 3-6 months thereafter

54%
at 48 

months

Loss of MMR

STAT230

(n = 96)
Nilotinib 2nd line — At least 2 years of nilotinib 

— consolidation
— MR4.5 for at least 2 years

— Monthly for the 1st year
— Every 2 months in year 2
— Every 3 months thereafter

69%
at 12 

months

Confirmed 
loss of MR4.5

NILSt15

(n = 112)
Nilotinib 1st or 
subsequent line

— At least 2 years of nilotinib 
— MR4.5 for at least 2 years

— Monthly for the first 6 months
— Every 2 months through 
— month 12
— Every 3 months thereafter

59%
at 12 

months

Loss of 
MR4.5

ENESTop6

(n = 163)
Nilotinib 2nd line — At least 2 years + 1 

— additional year of nilotinib 
— MR4.5 for at least 1 years

— Monthly for the first 12 months
— Every 1.5 months in year 2
— Every 3 months thereafter

53.2%
at 22 

months

Loss of MMR 
or confirmed 
loss of MR4

ENESTpath28

(n = 620)
Nilotinib 2nd line in 
the absence of MR4 
during imatinib therapy

— Nilotinib for 2 or 3 years 
— MR4 for at least 1 years

— — Loss of MMR 
or confirmed 
loss of MR4

ENESTfreedom29

(n = 215)
Nilotinib 1st line — At least 2 years + 1 

— additional year of nilotinib 
— MR4.5 for at least 1 years

— Monthly for the first 12 months
— Every 1.5 months in year 2
— Every 3 months thereafter

48.9%
at 22 

months

Loss of MMR
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Before attempting TFR
1. Which are the patients in whom we can attempt TFR 
after 1st line treatment?

The discontinuation of TKI treatment in CML should only 
be considered in individual patients with ensured access to 
certified molecular monitoring.13

The STIM study was pioneer in proposing the discon-
tinuation of imatinib after at least three years of treatment 
in patients that had achieved at least an MR4.5 during two 
years.11 After the STIM study, several independent studies 
confirmed that TFR is feasible. The minimum duration of 
TKI therapy required for inclusion in TFR clinical trials has 
been as short as three years (Table 1). However, the median 
duration of previous TKI therapy was 5 to 8 years.33 In the 
large EURO-SKI trial, only 16% of patients had < 5 years of 
prior TKI treatment.22

It has been reported that, in around 50% of cases, CML 
patients who achieve a sustained DMR for 1 – 2 years can 
discontinue TKI therapy and maintain TFR without relaps-
ing. Different studies have enrolled patients with either MR4 
or MR4.5 (Table 1), however it is difficult to show a response 
gradient with a progressive increase in probability of TFR 
success.43 Patient inclusion criteria in the EURO-SKI trial 
were not so stringent: minimum duration of TKI therapy was 
three years and minimum duration of MR4 was one year.27,44

The STIM and TWISTER studies reported higher TFR 
rates in Sokal low-risk patients, although the difference was 
not statistically significant.11,19 In contrast, in the A-STIM 
study, no effect of the Sokal risk score was observed.20 The 
awaited results from other studies will help to clarify the role 
of the Sokal risk score in TFR success. 

Achieving DMR is, therefore, a pre-requisite to select 
TFR candidates.33 Around 2% – 3% of newly diagnosed 
cases of CML show atypical BCR-ABL1 transcripts and 
although these patients can be monitored and have 
their BCR-ABL1 levels quantified, the results cannot be 
expressed in the international scale. Therefore, with the 
exception of particular cases, these patients should not be 
eligible for TFR, since monitoring will not be as accurate 
and effective.33 

1.1 Time of treatment prior to TFR
Recommendation: Patients should have at least five 

years of TKI treatment. 
Comment: If 2nd generation TKIs are used as 1st line 

treatment, treatment duration can be shortened to a min-
imum of three years, since those TKIs induce faster and 
deeper responses. Patients who achieve an early molecular 
response at three months of treatment are in fact the best 
candidates for TFR.

1.2 Minimum time of response and depth of response
Recommendation: Patients should have a sustained 

MR4.5 for at least two years with at least three measure-
ments during the year before attempting TFR.

1.3 Type of BCR-ABL1 transcript
Recommendation: To ensure accurate transcript quanti-

fication only patients harboring the typical BCR-ABL1 tran-
scripts b2a2 (e13a2) and b3a2 (e14a2) should be candi-
dates for TFR. 

1.4 Risk evaluation — The Sokal Risk Score 
Recommendation: Patients with low and intermediate 

Sokal risk score are the main candidates to attempt TFR. 

2. Which are the patients in whom we can attempt TFR 
after 2nd line treatment?

The experience with 2nd generation TKIs as second line 
is more recent than that with first line imatinib. However, 
studies involving patients treated with dasatinib and nilo-
tinib are of particular importance since these drugs are 
used not only to rescue patients facing imatinib failure 
(resistant patients) or intolerance (intolerant patients) but 
also to deepen molecular response (patients to deepen the 
response) achieved with imatinib. 

Several trials have shown successful and safe dis-
continuation in patients who have achieved sustained 
DMR with second generation TKI. Intolerant patients 
have a higher likelihood of successful TFR than resistant 
patients.6,25,29,31,41,45–47

2.1 Treatment interruption
Recommendation: Only patients on second line TKI 

due to intolerance should be considered for treatment 
interruption.

2.2 Duration of treatment prior to TFR
Recommendation: Patients should be at least five years 

on TKI treatment. This period of time can include two TKIs if 
the first one used was withdrawn due to intolerance.

2.3 Minimum time of response and which response
Patients under 2nd line TKIs should be divided in two 

groups:
a) Patients intolerant to 1st line treatment under TKI 

treatment:
 Recommendation:  1st line criteria should be applied: 

MR4.5 for at least two years.
b) 2nd line to deepen suboptimal molecular response: 
 Recommendation:  Patients should have an MR4.5 

for at least 2 years after therapeutic switch. The 
Sokal risk score and type of transcripts criteria are 
the same as described for 1st line treatment. 

It should be clear that even after 2nd line TKIs patients 
should have a deep response for at least two years provid-
ed the total duration of treatment is ≥ 5 years. 

Monitoring during TFR attempt
Highly sensitive and standardized molecular monitoring 

of BCR-ABL1 levels is key for ensuring the safety of patients 
attempting TFR, particularly during the first year, when the 
majority of molecular relapses occur, and more critically in 
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the first six months after TKI cessation.11,19,25,40,41 Frequent 
molecular monitoring ensures that relapsing patients will be 
quickly identified, allowing prompt re-initiation of TKIs and 
re-achievement of molecular responses.48 

1. Molecular monitoring during TFR
1.1 Time of laboratory result for molecular monitoring 
during TFR

Recommendation: Laboratories should issue qPCR 
results in a maximum time of one month. All tests should 
preferentially be performed in the same laboratory. Samples 

should be processed rapidly, within 24 to 36 hours, to min-
imize RNA degradation. This is especially important in 
centers that send their molecular samples to be tested at 
reference laboratories. In these cases, samples should be 
sent early during the week. The communication between 
laboratory-clinician-patient requires an efficient manage-
ment system that must be ensured before attempting TFR. 

1.2 Laboratory results
Recommendation: Results should have a sensitivity of 

at least MR4.5 and be standardized to BCR-ABL1IS. 

Patients with CML under TKI therapy

2nd line TKI1st line TKI

and

and

and

IF:

— Low and intermediate Sokal risk score

— BCR-ABL1 transcripts: b2a2 or b3a2

— Sustained MR4.5 for at least 2 years

— At least 5 years of TKI treatment

Intolerant to 1st line
IF:
— At least 5 years in TKI

TFR attempt
Molecular monitoring
— Results within 1 month to the clinician
— Standardization BCL-ABLIS

— Time intervals:
       • monthly in the first six months
       • every 2 months until 12 months
       • every 3 months thereafter

IF:
— Loss of MMR

Resume TKI
— The same used before attempting TFR
— Perform molecular monitoring every 3 months until MMR

and

and

and

Deep response after 1st line
IF:
— At least 5 years in TKI

— BCR-ABL1 transcripts: b2a2 or b3a2

— Low and intermediate Sokal risk score

— Sustained MR4.5 at least 2 years
— after therapeutic switch

Figure 1 – Recommendations to guide the Portuguese medical community in attempting and managing TFR in patients with CP-CML
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1.3 Intervals of molecular monitoring 
Recommendation: The molecular analysis should be 

performed monthly in the first six months, every two months 
until 12 months and every three months thereafter. This fre-
quency must be accomplished and has to be guaranteed 
before attempting TFR.

Trigger to resume TKIs
A-STIM was the first study to demonstrate that the loss 

of MMR is a safe trigger to resume TKIs, a less stringent 
definition of molecular relapse than the one defined by 
the STIM or TWISTER protocols.20 Molecular relapse is 
not associated with disease progression5,20 and almost all 
patients regain DMR.11,19,49

Fluctuations in BCR-ABL1 levels, below the level of 
0.1%, can be observed in most patients that remain in TFR 
and are not necessarily associated with molecular relapse. 
The relapse is evaluated through the loss of MMR, that is a 
safe trigger for resuming treatment.15

Recommendation: TKI treatment should be resumed 
after loss of MMR. The presence of ‘detectable disease’ is 
not a trigger to resume TKI.

Comment: The same TKI used before TFR should be 
re-initiated after the loss of MMR. Molecular monitoring 
should be performed every three months until MMR.

Fig. 1 summarizes the recommendations of a Portu-
guese group of experts to guide the Portuguese medical 
community in attempting and managing TFR in patients 
with CP-CML.

Second TFR attempt
Data are required to support this strategy, such as 

the determination of biomarkers leading to relapse. 
Nevertheless, the possibility of a second attempt of TKI dis-
continuation after a first unsuccessful attempt exists. The 
RE-STIM study showed that a second TKI discontinuation 
attempt is safe and that a first failed attempt at discontinuing 
TKI does not preclude a second successful attempt, with 
patients regaining a deep molecular response. In this study, 
the probability to remain treatment-free in MMR after the sec-
ond stop was 35% at 36 months.50 More studies are needed 
to confirm these results, and prospective trials addressing 
this issue are currently ongoing, such as the NILO post-
STIM (NCT01774630) or the TRAD (NCT02268370).51

Exceptional situations of necessary treatment stop 
These recommendations do not contemplate stopping 

TKI treatment for exceptional situations such as pregnancy 
or concomitant chemotherapy. Women with CML who wish 
to become pregnant are a specific population that needs TKI 
interruption since pregnancy whilst on TKIs is not recom-
mended due to the potential toxic effects for the embryo.10,52 

These patients should be followed in a specialized center.

Patient education 
Many patients may be reluctant to interrupt TKIs. To 

overcome this barrier, patients should be introduced to the 
concept of TFR early in their journey to help understand that 
TFR can be a therapeutic goal for some patients. It is impor-
tant to inform the patients that TFR is a safe strategy that 
is unlikely to cause clinical relapse or disease progression. 
Moreover, patients should also be informed that molecular 
relapse may occur, particularly within the first 6 months of 
treatment discontinuation. In this reassuring communication 
strategy, it is also recommended mentioning the possibili-
ty of occurrence of withdrawal syndrome at an early stage 
of TFR, and that it is not a reason to resume TKIs, since 
symptomatic treatment can be used to manage it efficiently. 
Patients will also need education to adopt the mindset of 
being treatment-free and adjust to the more frequent molec-
ular monitoring schedule. The importance of adherence to 
treatment should be emphasized since this is essential for 
TFR to be considered.

CONCLUSION
TFR is increasingly a treatment goal in CML. Herein, we 

aim to provide some guidance to Haematologists in Portugal 
regarding the attempt of TFR in patients with CP-CML. 

It is important that patients provide their views regarding 
TFR, since psychological and emotional factors have to be 
considered as well. Patients should be selected for TFR on 
the basis of both their molecular criteria and their emotion-
al resilience. At present, the duration of the treatment and 
the duration of DMR seem to be the only consistent predic-
tors of success. Additional studies are warranted to identify 
novel biomarkers of value to accurately select candidate 
patients for TFR.
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