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Treatment-free remission (TFR) has become a primary therapeutic goal in CML and is also considered feasible by international guidelines. TKIs dose reduction is often used in real-life practice to reduce adverse events, although its impact on TFR is still a matter of debate. This study aimed to explore the attitude of Italian hematologists towards prescribing TKIs at reduced doses and its impact on TFR. In September 2020, a questionnaire was sent to 54 hematology centers in Italy participating to the Campus CML network. For each patient, data on the main disease characteristics were collected. Most of the hematologists involved (64.4%) believed that low-dose TKIs should not influence TFR. Indeed, this approach was offered to 194 patients. At the time of TFR, all but 3 patients had already achieved a DMR, with a median duration of 61.0 months. After a median follow-up of 29.2 months, 138 (71.1%) patients were still in TFR. Interestingly, TFR outcome was not impaired by any of the variables examined, including sex, risk scores, BCR-ABL1 transcript types, previous interferon, type and number of TKIs used before treatment cessation, degree of DMR or median duration of TKIs therapy. On the contrary, TFR was significantly better after dose reduction due to AEs; furthermore, patients with a longer DMR duration showed a trend towards prolonged TFR. This survey indicates that low-dose TKI treatment is an important reality. While one third of Italian hematologists still had some uncertainties on TFR feasibility after using reduced doses of TKIs outside of clinical trials, TFR has often been considered a safe option even in patients treated with low-dose TKIs in the real-life setting. It should be noted that only 28.9% of our cases had a molecular recurrence, less than reported during standard dose treatment. Consequently, TFR is not impaired using low-dose TKIs.
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Introduction

Small molecule tyrosine kinase inhibitors (TKIs) targeting BCR-ABL1 have dramatically improved the outcome of patients with chronic myeloid leukemia (CML). Indeed, when TKI therapy is addressed appropriately, it can lead to an optimal molecular response in most cases and a life expectancy approaching that of age-matched individuals in the general population (1). However, lifelong TKI therapy can have consequences, including chronic, mostly low-grade, adverse events (AEs) that can negatively impact patients’ quality of life (2, 3), adherence to therapy and, finally, on the success of treatment (4, 5). For these reasons, in real-life practice, TKI dose reductions are often required to reduce AEs (6, 7).

In recent years, treatment-free remission (TFR) has become a new therapeutic goal and is considered feasible even by international expert guidelines. According to European LeukemiaNet (ELN) recommendations, some aspects are mandatory (e.g. CML in chronic phase [CP], access to high-quality RT-qPCR, rapid response of PCR results), some are minimal (first-line therapy or second-line if intolerant to first-line; typical b2a2 or b3a2 BCR-ABL1 transcript type; TKI treatment duration of at least 5 years for imatinib and 4 years for the second-generation TKIs) and some are optimal (deep molecular response [DMR] duration longer than 3 years if the patient is in sustained MR4.0 or 2 years if MR4.5) (8, 9). The Gruppo Italiano Malattie EMatologiche dell’Adulto (GIMEMA) CML Working Party has also recently developed a project aimed at selecting the treatment policies that can increase the probability of achieving TFR. In detail, a consensus was reached on the assessment of disease risk, first-line treatment choice, and the definition of responses requiring a TKI change, with the primary goal of optimizing the treatment strategy for TFR (10).

However, the likelihood of achieving and maintaining TFR depends on several factors that may be leukemia- or patient-related, including persistence of CD26+ leukemic stem cells (11) or patients’ immunological competence (12–15).

Most TFR-designed clinical trials and real-life experiences have shown this approach to be safe in CML patients who have gained a sustained DMR during treatment at a standard dose and most patients abruptly discontinue TKI treatment (16–25).

More recently, some authors have attempted a gradual treatment withdrawal prior to TKI discontinuation as part of clinical trials. Specifically, in the DESTINY study, the aim was to examine a TKI de-escalation treatment in patients with a stable major molecular response (MMR) or MR4, evaluated by at least three tests over 12 months, after a minimum of three years’ treatment with standard doses of imatinib, nilotinib, or dasatinib (26). In all 174 enrolled patients, no progression or cytogenetic relapse was reported, and the monthly monitoring quickly identified the 12 patients who lost MMR; they resumed full-dose therapy, and all regained an MMR within 4 months. None of these patients developed BCR-ABL1 point mutations due to the reduced TKI doses. Furthermore, chronic AEs improved in most cases (27).

The ongoing DANTE trial is a prospective, single arm, phase II study aimed at assessing the effect of nilotinib reduced to half the standard dose during a 12-month consolidation period on TFR in CML-CP patients treated first-line with nilotinib who reached a sustained DMR prior to study entry. The primary endpoint is the percentage of patients in full TFR 96 weeks after the start of the consolidation phase. During the TFR phase, a loss of MMR requires resuming treatment with nilotinib at 300 mg BID (28).

In a more recent French real-life retrospective study that included 77 CML patients, 26 subjects were managed with low-dose TKIs before stopping treatment. Interestingly, a higher percentage of successful TFR was observed at 12 or 60 months in the cohort receiving lower dose TKIs (80.8% vs. 56.8% at 12 months and 58.8% vs. 47.5% at 60 months). Median time to MMR loss in the whole cohort was 6.2 months and all patients rapidly re-achieved an MMR after resuming TKI therapy (29).

In a subsequent review of real-life practice of patients receiving low-dose TKIs after the achievement of an MMR, due to intolerable AEs, 76 patients eventually discontinued low-dose TKIs and 2-year TFR rate in these patients was 74.1% (30).

The aim of the present study was to explore the attitude of Italian hematologists towards the use of reduced dose TKIs and its impact on TFR attempts in a large series of CML-CP patients.



Materials and Methods

In September 2020, an ad hoc questionnaire was sent to the 54 hematology centers in Italy participating to the Campus CML network. This interactive network connects many Italian hematology specialists active in the field of CML with the aim of sharing experiences and updates for the diagnosis and treatment of the disease, the identification and prevention of specific toxicities of the drugs used and on possible future therapeutic approaches (31, 32).

As reported in the Supplementary Material, this online survey consisted of two parts: the first was questions regarding the use of reduced doses of TKIs in clinical practice and the propensity of physicians to offer TFR even to subjects treated with reduced doses of TKI for AEs or to patients with many comorbidities after achieving an optimal molecular response.

Subsequently, each participating center was asked to provide data on key disease characteristics for each patient who attempted TFR after low-dose TKI treatment. They included: socio-demographic variables, risk scores (i.e. Sokal and ELTS), all treatments (including prior interferon) before and after discontinuation, duration of each treatment, reasons for dose reduction, and best response to each treatment.

Molecular monitoring and ranking of responses were defined according to current ELN recommendations (8, 33–37): in particular, DMR as MR4 (BCR-ABL1 ratio ≤0.01% with at least 10.000 ABL1 copies), MR4.5 (BCR-ABL1 ratio ≤0.0032% with at least 32.000 ABL1 copies), or MR5 (BCR-ABL1 ratio ≤0.001% with at least 100.000 ABL1 copies).

Follow-up information was updated in May 2021.

We analyzed the time to molecular relapse (truncated to four years) based on selected variables using the Kaplan-Meier estimator and the log-rank-test. Statistical analyses were performed with Stata 16 (StataCorp. 2019).



Results


Low-Dose TKIs in Real-Life

The survey was completed by 45 (83.3%) of centers involved. All reported having CML patients in treatment with low-dose TKIs [total number = 1.785 out of 5.637 (31.7%) regularly followed CML-CP patients]. More specifically, a reduction in TKI dose occurred in 24.4% of patients treated with imatinib, 27.8% with nilotinib, 35.3% with dasatinib, 73.7% with bosutinib and 75.4% with ponatinib.



Low-Dose TKIs and TFR Feasibility

Most Italian hematologists (64.4%) believed that the use of reduced doses of TKIs should not preclude attempts at TFR; in fact, this approach was offered to 194/1.785 (10.9%) patients, whose demographics and clinical baseline data are shown in Table 1. The dose reduction was due to AEs in more than half of the cases (109 patients, 56.2%), with 42 (21.7%) patients (24 in first line, 13 in second line, and 5 in third line) who still obtained a DMR despite TKI de-escalation. In the remaining patients TKIs were de-escalated after achieving the optimal molecular milestone (Table 2).


Table 1 | Baseline demographics and clinical characteristics of CML patients.




Table 2 | Reasons for dose reduction according to each TKI.



The TKI most frequently used at a reduced dose prior to the TFR attempt was imatinib (83 patients out of 717 – 11.6%), followed by nilotinib (69 patients out of 344 – 20.1%), dasatinib (36 patients out of 322 – 11.2%) and, to a lesser extent, ponatinib (four patients out 184 – 2.2%) and bosutinib (two patients out of 218 – 0.9%). Overall, 105 (54.1%) patients experienced a ≥50% reduction in TKI dose from baseline (Table 3). Prior to attempting TFR, 116 (59.8%) patients had received only one TKI, while 63 and 15 patients were treated in second or subsequent lines of therapy, respectively, with a median duration of TKI treatment of 118.1 months (range, 25.7-235.6). At the time of TFR, all but three patients (98.4%) had already achieved a DMR, with a median DMR duration of 61.0 months (range, 4.0-180.0).


Table 3 | Treatment characteristics.





TFR Outcome

After a median follow-up from TKI discontinuation of 29.2 months (range, 1.7-128.7), 138 (71.1%) patients were still in TFR (Figure 1). Interestingly, in patients experiencing a TKI dose reduction, TFR outcome was not affected by any of the variables examined, including sex, Sokal or ELTS risk scores, BCR-ABL1 transcript types, prior interferon therapy, type and number of TKIs used before treatment cessation, degree of DMR (i.e., MR4 vs. MR4.5 or better) or median duration of TKIs therapy (Figures 2 and 3). On the contrary, TFR was significantly better after dose reduction due to AEs (vs. cases with dose de-escalation after DMR achievement); furthermore, patients with a longer DMR duration (i.e., >61 months) showed a trend towards prolonged TFR (Figure 3).




Figure 1 | Treatment-free remission (TFR) after tyrosine kinase inhibitor (TKI) therapy (Kaplan-Meier estimate).






Figure 2 | Treatment-free remission (TFR) after tyrosine kinase inhibitor (TKI) therapy (Kaplan-Meier estimate). (A) TFR according to sex. (B) TFR according to pretreatment with interferon. (C) TFR according to Sokal risk score. (D) TFR according to TKIs used before therapy cessation.






Figure 3 | Treatment-free remission (TFR) after tyrosine kinase inhibitor (TKI) therapy (Kaplan-Meier estimate). (A) TFR according to BCR-ABL1 transcript type. (B) TFR according to lines of therapy. (C) TFR according to median duration of TKIs therapy. (D) TFR according to median duration of DMR. (E) TFR according to the degree of DMR. (F) TFR according to the main reasons for TKIs dose reduction.





Molecular Recurrence

Median time to molecular recurrence (≥MMR) in the whole cohort was 3.6 months (range, 1.2-29.6), with 45/56 (80.4%) patients experiencing early relapse (within 6 months). In detail, one molecular recurrence (33.3%) was recorded in three patients who discontinued low-dose TKIs in MMR and 55 molecular recurrences (28.8%) in 191 patients who discontinued therapy in DMR. All the cases that experienced a molecular recurrence resumed the same dose of TKI treatments ongoing before the TFR attempt. After a median time from TKI resumption of 7.8 months (range, 1.0-37.3), MMR or DMR was re-achieved in all cases, with no difference between first- and second- or third-generation TKIs (7.0 vs. 7.9 months).




Discussion

Evidence is accumulating that TKI dose modifications are feasible during treatment of CML and are an important consideration for the prevention and management of AEs, improving adherence and reducing treatment interruptions, and enabling high rates of DMR to be achieved (98.4% in our series) (38). Furthermore, dose optimization together with the prevention of AEs could also pursue the goal of achieving and maintaining an optimal molecular response, as trials of intermittent TKI treatment have shown that responding patients are often overtreated. Indeed, in the Italian INTERIM study, older CML patients (>65 years) treated with imatinib 400 mg/day 1-month on and 1-month off were able not only to maintain an MMR in most cases but sometimes also to improve the depth of their molecular response (39, 40).

It should also be stressed that a TKI dose optimization should be considered in advance. Indeed, once chronic toxicities develop, the beneficial effect of this approach is still a matter of debate, especially in some specific contexts (41).

Using a mathematical model, Fassoni et al. reported for the first time strong evidence suggesting that for most patients who have already achieved a sustained remission, a reduction in TKI dose of at least 50% does not lead to a reduction in long-term treatment efficacy and maintains a secondary decline in BCR-ABL1 levels (42).

Similarly, second-generation TKIs have been shown to maintain their efficacy profile when used at a lower dose by reducing AEs: in particular, dasatinib 50 mg once daily proved to be effective and safe as initial therapy for CML-CP patients, showing 12-month MMR and DMR rates of 79% and 46%, respectively (43, 44). In the NILO-RED study, after achieving MMR on the standard nilotinib schedule, patients were switched to a low-dose regimen as maintenance therapy, providing preliminary evidence that switching to nilotinib once daily maintenance is feasible and safe, regardless of previous therapies (45).

Considering bosutinib, the original first-line study of this drug in newly diagnosed CML-CP patients failed to achieve its primary endpoint of demonstrating a superior cytogenetic response to imatinib, partly due to the AEs profile at the recommended dose of 500 mg once daily (46). However, the subsequent BFORE trial, using a lower bosutinib dose (400 mg once daily) in the same clinical setting, showed its improved efficacy compared to imatinib, with a better tolerability profile than the 500 mg daily dose (47).

The question of a direct relationship between the doses of TKIs and their efficacy/safety profile is of fundamental importance with regard to ponatinib: in fact, data from both clinical trials and real-life experiences led to the indication to reduce its daily dose in patients who have already achieved at least an MCyR (48, 49). Furthermore, considering the high anti-leukemic potency expressed by ponatinib, it is conceivable that lower-dose regimens or full-dose induction followed by dose reduction may also be useful for intolerant patients (50, 51).

Treatment discontinuation is now a primary therapeutic goal and appears to be a safe option for about half of patients who achieve an optimal response (52). However, most TFR clinical trials have demonstrated that this approach is safe in CML patients who have gained a sustained DMR during treatment at a standard dose and no systematic assessment of long-term TKI dose de-escalation has been performed, particularly in the real-life setting.

With this in mind, we then explored the impact of low-dose TKIs on TFR feasibility in a large series of CML-CP patients managed in Italy.

In this study, treatment with low-dose TKIs after achievement of molecular milestones represented a frequent clinical practice performed by Italian hematologists for CML patients, the main reason being the reduction in the risk of AEs. Bosutinib and ponatinib were in fact the most frequently used drugs at reduced dosages compared to those officially registered, both to prevent AEs and due to patients in more advanced therapeutic lines.

The dose reduction practice, even more so if due to AEs (Figure 3), did not prejudice the possibility of obtaining a DMR and therefore attempting a treatment discontinuation. However, this chance is feasible only in a selected subset of patients, probably related to a less aggressive disease. Indeed, not only most patients did not lose the molecular response achieved after the TKI dose reduction, but 21.7% of those not in DMR at the time of dose reduction were able to achieve it later.

While being aware of the limitations of this study, mainly represented by its retrospective nature, we would like to emphasize that only 28.9% of the patients in our series experienced a molecular recurrence, less than reported in patients treated at a standard dose. Notably, in a recent Italian collection of 293 CML-CP patients who discontinued TKI while in DMR, overall estimated TFR was 62% after a median follow-up of 34 months, which is well below of 71.1% reported in this study, with a comparable median time to restart treatment of six months (21).

The most likely explanation for this is that patients who have been able to maintain DMR after dose reduction are a select population more likely to undergo long term and successful TFR, as patients who have not been able to maintain DMR are excluded as they had to return to a full dosage treatment. In this sense the practice of dose reduction before total TKI discontinuation will probably not increase the absolute number of CML patients who can reach a successful TFR, but it can at least decrease the percentage of those who, after a complete stop of TKI therapy, can undergo the stressful need to restart therapy.
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