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TKIs long-term treatment in CML may lead to persistent adverse events (AEs) that can promote relevant morbidity and mortality. Consequently, TKIs dose reduction is often used to prevent AEs. However, data on its impact on successful treatment-free remission (TFR) are quite scarce. We conducted a retrospective study on the outcome of CML subjects who discontinued low-dose TKIs from 54 Italian hematology centers participating in the Campus CML network. Overall, 1.785 of 5.108 (35.0%) regularly followed CML patients were treated with low-dose TKIs, more frequently due to relevant comorbidities or AEs (1.288, 72.2%). TFR was attempted in 248 (13.9%) subjects, all but three while in deep molecular response (DMR). After a median follow-up of 24.9 months, 172 (69.4%) patients were still in TFR. TFR outcome was not influenced by gender, Sokal/ELTS risk scores, prior interferon, number and last type of TKI used prior to treatment cessation, DMR degree, reason for dose reduction or median TKIs duration. Conversely, TFR probability was significantly better in the absence of resistance to any prior TKI. In addition, patients with a longer DMR duration before TKI discontinuation (i.e., >6.8 years) and those with an e14a2 BCR::ABL1 transcript type showed a trend towards prolonged TFR. It should also be emphasized that only 30.6% of our cases suffered from molecular relapse, less than reported during full-dose TKI treatment. The use of low-dose TKIs does not appear to affect the likelihood of achieving a DMR and thus trying a treatment withdrawal, but might even promote the TFR rate.
Keywords: chronic myeloid leukemia, tyrosine kinase inhibitors, treatment-free remission, low dose, resistance, outcome
1 INTRODUCTION
The therapeutic armamentarium of chronic myeloid leukemia (CML) has greatly improved after small molecule tyrosine kinase inhibitors (TKIs) targeting BCR::ABL1 became available. The 10-year survival rate in CML-chronic phase increased from about 20% to 80%–90%, allowing for near-normal life expectancy (Bower et al., 2016).
While highly effective, these drugs also have an often mild to moderate, but sometimes severe, toxicity profile. Indeed, long-term treatment with TKIs may lead to chronic adverse events (AEs) that can negatively affect patients’ quality of life (QoL) and can promote relevant morbidity and mortality. In particular, there has been increasing evidence of more serious AEs with second- or third-generation TKIs, such as pleural effusion and pulmonary arterial hypertension with dasatinib (Campbell and Copland, 2013), hyperglycemia, dyslipidemia and arterial occlusive events (AOEs) with nilotinib (Emir et al., 2013; Hiwase et al., 2013), gastrointestinal toxicities with bosutinib (Cortes et al., 2012), and hypertension, AOEs and pancreatic dysfunction with ponatinib (Cortes et al., 2018).
Dose reductions due to AEs are part of the daily management of TKIs (Copland, 2019): often these dose reductions are kept stable over the long term, particularly in patients who have already achieved a durable response. This optimization of the TKI dose is related to better adherence, improved QoL and in most cases do not jeopardize a stable response once achieved, thus confirming, as studies on intermittent TKI treatment have already shown (Russo et al., 2013; Malagola et al., 2021), that responding patients are often overtreated. Furthermore, as also demonstrated by the UK DESTINY study (Clark et al., 2017; Clark et al., 2019) and real-world data from Hammersmith Hospital (Claudiani et al., 2021), a TKI de-escalation strategy, in addition to not compromising the possibility of treatment discontinuation, could also improve the success of treatment-free remission (TFR) protocols.
However, while discontinuing therapy appears as a safe option for approximately half of the patients obtaining an optimal response (Ross and Hughes, 2020), so far, data on the impact of long-term TKI dose de-escalation on successful TFR are rather scarce.
The aim of our study was therefore to evaluate the propensity of Italian hematologists to attempt TFR in CML patients treated with low-dose TKIs, both at diagnosis and during follow-up.
2 METHODS
We conducted a retrospective analysis on the outcome of CML patients who discontinued low-dose TKIs between May 2010 and September 2022 from 54 Italian hematology centers participating to the “Campus CML”, an active research network of physicians involved in CML management throughout Italy, with the aim of investigating different aspects of the disease (Iurlo et al., 2022).
Each center was asked to complete an online survey which included questions regarding the use of low-dose TKIs in real-life clinical practice and the willingness of physicians to offer TFR even to subjects treated with reduced doses of TKI for AEs and/or relevant comorbidities or to patients who have already achieved an optimal molecular response.
The following key disease characteristics were then required for each patient attempting TFR after low-dose TKI treatment: socio-demographic variables, risk scores (i.e., Sokal and ELTS), all treatments (including interferon) before and after discontinuation, duration of each treatment, reasons for dose reduction, and best response to each treatment.
Molecular monitoring and classification of responses were defined according to current ELN recommendations (Hochhaus et al., 2020): in particular, major molecular response (MMR) as a BCR::ABL/ABL ratio ≤ 0.1%, and deep molecular response (DMR) as MR4 (BCR::ABL1/ABL ratio ≤ 0.01%), MR4.5 (BCR::ABL1/ABL ratio ≤ 0.0032%), or MR5 (BCR::ABL1/ABL ratio ≤ 0.001%). Molecular relapse was defined as loss of MMR. Consequently, TFR was calculated from TKI discontinuation to loss of MMR.
Follow-up began on the day of TKI discontinuation and ended at the earliest of molecular relapse or 31 December 2022. As only 65 (26.2%) patients were followed up for more than 4 years and no molecular recurrence was observed among them, we truncated follow-up time at 4 years.
We analyzed time since to molecular relapse based on selected variables using the Kaplan-Meier survivor function and the log-rank-test. Statistical analyses were performed with Stata 17 (StataCorp. 2021).
3 RESULTS
Overall, 1.785 of 5.108 (35.0%) regularly followed CML-chronic phase patients were treated with low-dose TKIs. More specifically, a TKI dose reduction was reported in 727 (27.5%) out of 2.648 patients treated with imatinib, 362/1.133 (32.0%) with nilotinib, 304/813 (37.4%) with dasatinib, 213/294 (72.5%) with bosutinib and 179/220 (81.4%) with ponatinib. The TKI dose was reduced in the majority of patients (1.288, 72.2%) due to AEs (916, 51.3%) or relevant comorbidities (372, 20.8%), while in the remaining subjects (497, 27.8%) TKIs were reduced for physicians’ decision, after obtaining a stable molecular response (MMR/DMR), with the aim of preventing the development of AEs, thereby improving TKIs tolerability. No progression toward advanced-phase disease was observed during treatment with low-dose TKIs.
TFR was attempted in 248 (13.9%) out of 1.785 patients, 138 of whom were female and 110 were male, with a median age at CML diagnosis of 49.3 years (Table 1). As expected, dose reduction was due to AEs in more than half of the cases (149 patients, 60.1%), while in the remaining subjects TKIs were reduced after reaching an optimal molecular response (Supplementary Table S1). Interestingly, 47 (18.9%) patients experienced TKI resistance before treatment discontinuation, in the absence of any BCR::ABL1 kinase domain mutation.
TABLE 1 | Baseline demographics and clinical characteristics of 248 CML patients.
[image: Table 1]The most widely used low-dose TKI before attempting TFR was imatinib (99 patients out of 727–13.6%), followed by nilotinib (90 patients out of 362–24.9%), dasatinib (51 patients out of 304–16.8%) and, to a lesser extent, ponatinib (five patients out 179–2.8%) and bosutinib (three patients out of 213–1.4%). Overall, 117 (47.2%) patients experienced a ≥ 50% reduction in TKI dose from baseline (Supplementary Table S2).
Before attempting TFR, 152 (61.3%) patients were treated with a single TKI, while 80 and 16 patients had received second or later-line therapy, respectively, with a median TKI treatment duration of 111.2 months (range, 16.0–252.1). At the time of TFR, 245 (98.8%) patients had already achieved a DMR, with a median duration of 65.0 months (range, 3.0–186.0).
After a median follow-up from TKIs discontinuation of 24.9 months (range, 1.1–149.2), 172 (69.4%) patients were still in TFR (Figure 1). Interestingly, TFR outcome was not affected by any of the following parameters (Supplementary Table S3): gender, Sokal or ELTS risk scores, prior interferon treatment, number and last type of TKIs used before discontinuation of therapy, degree of DMR (i.e., MR4 vs. MR4.5 or better), reason for dose reduction (i.e., AEs vs. DMR achievement) or median duration of therapy with TKIs (Supplementary Figures S1, S2). In contrast, TFR was markedly better in the absence of a history of resistance to any previous TKI (Table 2; Figure 2); furthermore, as expected, patients with a longer DMR duration (i.e., >6.8 years) (Supplementary Figure S2) and those with an e14a2 BCR::ABL1 transcript type showed a trend toward prolonged TFR (Table 2).
[image: Figure 1]FIGURE 1 | Treatment-free remission (TFR) after tyrosine kinase inhibitor (TKI) therapy (Kaplan-Meier survivor function).
TABLE 2 | Molecular recurrence risk and hazard ratios from univariate Cox models according to selected variables.
[image: Table 2][image: Figure 2]FIGURE 2 | Treatment-free remission (TFR) after tyrosine kinase inhibitor (TKI) therapy (Kaplan-Meier survivor function) according to resistance to previous TKIs.
Seventy-six (30.6%) patients experienced molecular recurrence (≤MMR) after a median time from treatment interruption of 4.1 months (range, 0.8–47.3), representing an early relapse (within 6 months) in 54/76 patients (71.1%). All of these cases who had a molecular relapse restarted the same dose of TKI treatments they had before the TFR attempt and regained at least an MMR within 8 months of TKI resumption.
4 DISCUSSION
In this large, real-life series of CML patients regularly followed in Italy, TKIs treatment at a reduced dose represents an important reality, being bosutinib and ponatinib the drugs that most frequently required a dose reduction. More notably, TKI treatment has usually been initiated at full dose (excluding the elderly or patients with relevant comorbidities), with nearly 30% of TKI dose reductions performed in clinical practice with the goal of long-term treatment improvement once an optimal molecular response has been obtained, while at the same time preventing the development of AEs, thus improving TKIs tolerability.
Indeed, it should be emphasized that TKI dose optimization should be taken into account from the outset as, after the development of chronic toxicities, the true possibility of complete resolution of AEs is still a matter of debate, especially in some specific contexts (Okamoto et al., 2020).
In fact, while all the information on the prescription of TKIs used in CML treatment indicate a starting dose and rules and suggestions for transiently suspending or reducing the dose in case of clinical and biochemical AEs, suggesting a return to the ideal dose once the AEs disappear or alleviate, in daily clinical practice many physicians prescribe TKI starting dose lower than those foreseen in the product information in case of patients of advanced age or with relevant comorbidities. Furthermore, when an AEs improves or disappears, the TKI is maintained at a reduced dose over the long term, essentially to avoid recurrence of the same AE or, generically, to promote a better QoL and to ensure or reassure a good adherence, thus allowing a broader use of even those second- or third-generation TKIs not adequately indicated in the presence of specific comorbidities (Iurlo et al., 2021).
Furthermore, while most studies of TFR in CML subjects abruptly discontinued TKIs, more recently some authors have evaluated a new treatment strategy based on gradual therapy withdrawal before TKI interruption in the context of clinical trials or real-life experiences (Clark et al., 2017; Clark et al., 2019; Cayssials et al., 2020; Claudiani et al., 2021): among others, the DESTINY study examined TKI de-escalation treatment in 174 patients with stable MMR or MR4, after at least 3 years of treatment with full-dose imatinib, nilotinib, or dasatinib (Clark et al., 2017). There was no progression or cytogenetic recurrence, with monthly monitoring allowing rapid identification of all cases of molecular relapse. Furthermore, chronic AEs improved in most cases (Clark et al., 2019).
More recently, the prospective, multicenter phase II DANTE study (NCT03874858) aimed to evaluate the safety of first-line nilotinib de-escalation and its impact on TFR success in Italian CML-chronic phase subjects. While in a previously interim analysis 1 year of nilotinib de-escalation prior to TFR in patients with stable DMR was shown to be safe and effective (Breccia et al., 2021), a molecular recurrence rate of approximately 32% 1 year after stopping nilotinib was reported, thus demonstrating that de-escalation of this drug before attempting TFR may be a successful dose optimization strategy (Stagno et al., 2022).
Accordingly, we then evaluated the potential effect of low-dose TKIs on TFR outcome in a large real-life series of 248 CML-chronic phase patients managed in Italy.
In this context, as already reported in a previous paper (Iurlo et al., 2022), we confirm in a larger patients’ population that the use of low-dose TKIs does not seem to affect the possibility of achieving a DMR and therefore attempting a suspension of therapy.
While being aware of the limitations of this study, mainly represented by its retrospective nature, it should be emphasized that only 30.6% of our cases suffered from molecular relapse, less than reported in patients previously treated with full-dose TKIs (Hernández-Boluda et al., 2018; Fava et al., 2019).
In addition, we have now demonstrated that the only clinical variable associated with molecular recurrence was resistance to prior TKIs (Figure 2), thus confirming observations from previous studies, for example, the DADI trial in which patients who switched to dasatinib because of resistance to imatinib had worse outcomes than those who switched for other reasons (Imagawa et al., 2015). Similarly, in the more recent STOP 2G-TKI French study a history of suboptimal response or resistance to imatinib prior to dasatinib or nilotinib was the only baseline factor associated with significantly worse TFR (Rea et al., 2017). Consequently, it must be admitted that in this context only a select subset of patients has the possibility of achieving a successful TFR, probably for a less aggressive disease.
In fact, approximately 14.0% of our patients treated with TKIs at a reduced dose were considered eligible to discontinue therapy, thus demonstrating that TFR was not compromised using low-dose TKIs. Furthermore, treatment dose adjustments have important prognostic implications even in those patients who do not wish to attempt TFR, with the clinical potential to reduce both therapy-related AEs and overall treatment costs without jeopardizing the possibility of maintaining a good response.
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