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Abstract: Large randomized clinical trials and prior meta-analyses indicate that second-generation
BCR-ABL tyrosine kinase inhibitors (TKIs) improve surrogate biomarkers in patients with chronic
myeloid leukemia (CML) without providing survival benefits. The objective is to evaluate the
long-term efficacy and the occurrence of vascular occlusion with second-generation BCR-ABL TKIs
compared with imatinib in patients with CML. Three scientific databases, a clinical registry and
abstracts from congress were searched to identify all randomized controlled trials that compared a
second-generation BCR-ABL TKI to imatinib in patients with CML. Outcomes extracted were overall
survival, major molecular response and complete cytogenetic response, arterial occlusive events and
venous thromboembolism. These data were synthesized by odds ratios using a fixed-effect model.
This meta-analysis included 4659 participants from 14 trials. Second-generation BCR-ABL TKIs did
not improve overall survival compared with imatinib, even at longer follow-up (OR, 1.17 (95% CI,
0.91–1.52)). They improved surrogate biomarkers at 12 and 24 months but increased the risk of arterial
occlusion (ORPETO , 2.81 (95% CI, 2.11–3.73)). The long-term benefits of second-generation TKIs are
restricted to surrogate outcomes and do not translate into prolonged survival compared to imatinib.
Given the long-term use, frontline therapy should be chosen carefully, with special attention to the
patients’ quality of life and cardiovascular risks.
Keywords: protein kinase inhibitors; overall survival; meta-analysis; leukemia; myelogenous chronic;
BCR-ABL positive; arterial occlusive disease

1. Introduction
1.1. Rationale
Treatment of chronic myeloid leukemia (CML) has significantly changed over the last two decades
with the development of tyrosine kinase inhibitors (TKIs) targeting BCR-ABL. Today, five BCR-ABL
TKIs are approved to treat CML (a sixth BCR-ABL TKI, radotinib, is approved in Korea only). Four of
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them are indicated for use in newly diagnosed chronic-phase (CP) CML patients [1]. The optimal choice
is challenging for physicians. The first-generation TKI, imatinib is a well-known safe and effective
drug, whereas second-generation TKIs (i.e., dasatinib, nilotinib or bosutinib) provide faster molecular
responses but are considered less safe than imatinib [2,3]. Evidence-based guidelines recommend
basing the decision of the frontline therapy on the treatment aim, the treatment cost and the TKI safety
profiles [1,4,5]. The use of a second-generation TKI over imatinib is particularly recommended for
patients with moderate- or high-risk Sokal scores. Second-generation TKIs are also recommended for
young patients because of the higher probability of treatment-free remission with these TKIs [1].
Despite their benefit in molecular and cytogenetic responses, second-generation TKIs have not
demonstrated survival benefits over imatinib in clinical trials [6,7], possibly because of the short
follow-up. Meta-analyses have been performed to compare the efficacy of second-generation BCR-ABL
TKIs with imatinib in patients with CML [8–12]. All concluded that second-generation TKIs provide
better surrogate outcomes (i.e., molecular and cytogenetic responses) but no survival benefit [8,10].
However, overall survival analyses were restricted to data at one year and showed high rate of survival.
This limits the probability of demonstrating a significant benefit of second-generation TKIs in terms of
survival [8]. Since then, additional data from randomized clinical trials (RCTs) with longer follow-up
have been published [6,7,13]. The 5-year report of the ENESTnd trial, a large phase 3 trial, revealed
that nilotinib induces survival benefits compared with imatinib [14]. In regard to safety, a prior
meta-analysis assessed the risk of vascular occlusion of second-generation BCR-ABL TKIs plus the
third-generation TKI ponatinib because of a signal during ponatinib development that led to the
subsequent discontinuation of the phase 3 trial [15,16]. That study concluded that a greater risk of
arterial occlusion was observed compared to the risk with imatinib [17]. Subgroup analyses indicate
that an increased risk exists with two of the three second-generation TKIs (dasatinib and nilotinib).
The lack of data did not allow firm conclusions about bosutinib, recently approved as a first-line drug
for CP-CML [17–19]. Since then, the results from an additional phase 3 study have been published
on bosutinib. The inclusion of data on long-term follow-up permits a more global approach of the
benefit-risk profile of second-generation BCR-ABL TKIs.
1.2. Objectives
The study proposed is the first meta-analysis aimed at assessing the long-term overall survival,
major molecular response (MMR) and cytogenetic response (CCyR) of second-generation BCR-ABL
TKIs compared with imatinib in patients with CML in RCTs. This meta-analysis also compares the
occurrence of arterial and venous occlusion with first-line BCR-ABL TKIs in CML patients.
2. Results
2.1. Eligible Studies and Study Characteristics
The literature search yielded 918 records. After title and abstract screening, 113 full texts were
considered for further investigation. The full-text screening excluded 93 articles. Major exclusion
reasons were the lack of pertinent data, outdated data or an inappropriate study design. Finally,
we identified 14 clinical trials reported in 20 abstracts and articles that met the inclusion criteria,
involving a total of 4659 participants [6,7,13,20–38]. Figure 1 shows the flow of studies in the systematic
review process and Table S1 lists the key characteristics of the 14 studies. All included studies are RCTs.
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Figure 1. PRISMA flow diagram of the study selection process. Abbreviations: AOE: arterial
Figure 1. PRISMA flow diagram of the study selection process. Abbreviations: AOE: arterial occlusive
occlusive event; CCyR: complete cytogenetic response; MMR: major molecular response; OS: overall
event; CCyR: complete cytogenetic response; MMR: major molecular response; OS: overall survival;
survival; TKI: tyrosine kinase inhibitor; VTE: venous thromboembolism.
TKI: tyrosine kinase inhibitor; VTE: venous thromboembolism.

The risk of bias for each of the 14 included studies is shown in Figure S1.
The risk of bias for each of the 14 included studies is shown in Figure S1.
Overall
Survival
2.2.2.2.
Overall
Survival
Of the 14 included studies, 12 reported overall survival data. There was no significant
Of the 14 included studies, 12 reported overall survival data. There was no significant difference
difference between second-generation TKIs and imatinib in the outcome of overall survival (OR, 1.17
between second-generation TKIs and imatinib in the outcome of overall survival (OR, 1.17 (95%
(95% CI: 0.91–1.52); Figure 2). This result was consistent between TKIs (subgroup difference, I² = 0%;
CI: 0.91–1.52); Figure 2). This result was consistent between TKIs (subgroup difference, I2 = 0%;
Figure 2) and between nilotinib dose regimens (300 mg BID: OR, 1.21 (95% CI: 0.66 to 2.24); 400 mg
Figure 2) and between nilotinib dose regimens (300 mg BID: OR, 1.21 (95% CI: 0.66 to 2.24); 400 mg
BID: OR, 1.53 (95% CI: 0.86–2.74); Figure S2). The anticipated absolute effect of overall survival was
BID:
OR,
1.53 (95%
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not significantly change the results (OR, 1.20 (95% CI: 0.92 to 1.57); Figure S3). Only two studies
reported
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to second-generation
TKIs.
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Their
analysis
demonstrated
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of high-dose
imatinib
compared
second-generation
analysis
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second-generation
TKIs
(Figure
S3
and
Table
S2).
TKIs (Figure S3 and Table S2).
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is a summary of the other rows.)
BCR-ABL
BCR-ABL TKI
TKI
No.ofofPatients
Patients
No.
(No.ofofStudies)
Studies)
(No.
All2nd
2ndGeneration
Generation
All
TKI
No. of Patients:
4356
TKI
Studies)4356
No. of(12
Patients:
Bosutinib
(12 Studies)
No. of Patients: 1038
Bosutinib
(2 Studies)
No. of Patients: 1038
Nilotinib
No.(2
ofStudies)
Patients: 1511
Nilotinib
(4 Studies)
No. of Dasatinib
Patients: 1511
No.(4
ofStudies)
Patients: 1807
(6 Studies)
Dasatinib
No. of Patients: 1807
(6 Studies)
2.3. Efficacy

Anticipated
Absolute
Effects
(95%
CI)CI)
Anticipated
Absolute
Effects
(95%
OddsOdds
RatioRatio
Risk with
Risk with
Risk
Difference
with with
Risk with
Risk Difference
(95% (95%
CI) CI)
Risk with Imatinib
Imatinib
2nd-Generation
TKI
2nd-Generation
TKI TKI
2nd-Generation
TKI
2nd-Generation
1.17

1.17
(0.91 to 1.52)
(0.91 to 1.52)

93.7%

1.34
(0.72 to 2.52)

1.34
(0.72 to 2.52)

95.4%

1.07
(0.75 to 1.51)

96.5%
(93.7 to 98.1)

+1.1%
(−1.7 to +2.7)

96.5%
(93.7 to 98.1)
95.9%
(93.6 to 97.4)

91.9%

(0.75 to 1.51)

91.9%

+0.9%

+0.9%
(−0.6 to +2.1)
(−0.6 to +2.1)

94.8%

94.8%

94.6%

94.6%
(93.1 to 95.8)
(93.1 to 95.8)

95.4%

1.30
(0.81 to 2.10)

1.30
(0.81 to 2.10)
1.07

93.7%

92.4%
(89.5 to 94.5)

95.9%
(93.6 to 97.4)
92.4%
(89.5 to 94.5)

+1.1%
(−1.7 to +2.7)

+1.2%
(−1.1 to +2.7)

+1.2%
(−1.1 to +2.7)
+0.5%

(−2.4 to +2.6)

+0.5%
(−2.4 to +2.6)

MMR rate at 12 and 24 months and the CCyR rate at 12 months were reported in 12, 6 and
2.3.The
Efficacy
9 studies respectively. Of these three efficacy outcomes, all favored second-generation TKIs (MMR
The MMR
12 and
months andMMR
the CCyR
rate at 12OR,
months
in 12, 6 and
9
12 months:
OR, rate
2.01at(95%
CI:241.77–2.30);
24 months:
1.40were
(95%reported
CI: 1.17–1.67));
CCyR
studies respectively. Of these three efficacy outcomes, all favored second-generation TKIs (MMR 12
12 months: OR, 1.50 (95% CI: 1.31–1.72); Figure S4), even compared with high-dose imatinib (Figure S3).
months: OR, 2.01 (95% CI: 1.77–2.30); MMR 24 months: OR, 1.40 (95% CI: 1.17–1.67)); CCyR 12
These results were consistent between studies for MMR at 12 and 24 months (respectively, I2 = 20%
months: OR, 1.50 (95% CI: 1.31–1.72); Figure S4), even compared with high-dose imatinib (Figure
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and 0%), but the I2 statistic indicated moderate heterogeneity for CCyR at 12 months (I2 = 48%).
This inconsistency was mainly due to the heterogeneity between nilotinib (I2 = 81%) and bosutinib
trials (I2 = 64%). Differences between these study designs were related to TKI dose and population
(i.e., patients previously treated vs. treatment-naïve patients; Table S1). The stratification by nilotinib
dose regimen demonstrated similar results between 300 and 400 mg BID (Figure S2), and the omission
of Cancers
clinical
trials
2020,
12, xperformed in previously treated CML patients did not significantly change the5 results
of 15
(Figure S3).
S3). These results were consistent between studies for MMR at 12 and 24 months (respectively, I2 =
2.4.20%
Vascular
Occlusion
and 0%),
but the I2 statistic indicated moderate heterogeneity for CCyR at 12 months (I2 = 48%).
This
inconsistency
was
mainly
due to
thesecond-generation
heterogeneity between
(I2 =with
81%)
and bosutinib
The
risk of AOEs
was
increased
with
TKIsnilotinib
compared
imatinib
(ORPETO ,
2
trials
(I
=
64%).
Differences
between
these
study
designs
were
related
to
TKI
dose
and
population
2.81 (95% CI: 2.11–3.73); Figure 3) and high-dose imatinib (Figure S3). With imatinib, 23
out of 1000
(i.e., patients previously treated vs. treatment-naïve patients; Table S1). The stratification by nilotinib
patients developed an arterial occlusion, whereas this meta-analysis estimated that this rate increased to
dose regimen demonstrated similar results between 300 and 400 mg BID (Figure S2), and the
61 out of 1000 patients with second-generation TKIs (95% CI: 46–79, Table 2). There was a trend toward
omission of clinical trials performed in previously treated CML patients did not significantly change
an increased risk of venous thromboembolism (VTE) (ORPETO , 1.74 (95% CI: 0.82–3.66); Figure S4).
the results (Figure S3).
The risk of AOEs was consistently higher for second-generation TKIs and the difference was
significant
for Occlusion
nilotinib (OR, 3.89 (95% CI: 2.47–6.11)) and dasatinib (OR, 2.68 (95% CI: 1.72–4.17)).
2.4. Vascular
Only bosutinib was not associated with a significantly increased risk of AOEs compared with imatinib
The risk of AOEs was increased with second-generation TKIs compared with imatinib (ORPETO,
(OR, 1.61 (95% CI: 0.85–3.07)). However, this result became significant when simulating recruitment
2.81 (95% CI: 2.11–3.73); Figure 3) and high-dose imatinib (Figure S3). With imatinib, 23 out of 1000
similar to that with dasatinib and nilotinib (i.e., repeating the analysis until the same number of
patients developed an arterial occlusion, whereas this meta-analysis estimated that this rate
patients was obtained). Arterial occlusive events (AOEs) occurred more frequently with nilotinib 400
increased to 61 out of 1000 patients with second-generation TKIs (95% CI: 46–79, Table 2). There was
mg BID than with nilotinib 300 mg BID (300 mg BID: 3.32 (95% CI: 1.56–7.09); 400 mg BID: 5.19 (95%
a trend toward an increased risk of venous thromboembolism (VTE) (ORPETO, 1.74 (95% CI: 0.82–
CI:3.66);
3.14–8.57);
S2).
Figure Figure
S4).

Figure
Forestplot
plotofofarterial
arterialocclusive
occlusive events
events in
second-generation
Figure
3. 3.Forest
in patients
patientswith
withCML
CMLtreated
treatedwith
with
second-generation
TKIs
versus
imatinib.
TKIs versus imatinib.
Table 2. Arterial occlusive events in patients with CML receiving second-generation BCR-ABL TKIs.
(The bold is a summary of the other rows.)
BCR-ABL TKI
No. of Patients
(Studies)
All 2nd Generation
TKI
No. of Patients:
4328
(12 RCTs)

Odds Ratio
(95% CI)

OR 2.81
(2.11 to 3.73)

Risk with
Imatinib

2.3%

Anticipated Absolute Effects (95% CI)
Risk with 2nd Generation
Risk Difference with 2nd
TKI
Generation TKI
6.1%
(4.6 to 7.9)

+3.8%
(+2.4 to +5.7)
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Table 2. Arterial occlusive events in patients with CML receiving second-generation BCR-ABL TKIs.
(The bold is a summary of the other rows.)
Anticipated Absolute Effects (95% CI)

BCR-ABL TKI
No. of Patients
(Studies)

Odds Ratio
(95% CI)

All 2nd Generation TKI
No. of Patients: 4328
(12 RCTs)

Risk with Imatinib

Risk with 2nd
Generation TKI

Risk Difference with
2nd Generation TKI

OR 2.81
(2.11 to 3.73)

2.3%

6.1%
(4.6 to 7.9)

+3.8%
(+2.4 to +5.7)

BOSUTINIB
No. of patients: 1032
(2 RCTs)

OR 1.61
(0.85 to 3.07)

2.9%

4.6%
(2.5 to 8.4)

+1.7%
(−0.4 to +5.5)

Nilotinib
No. of Patients: 1494
(4 RCTs)

OR 3.89
(2.47 to 6.11)

1.3%

4.9%
(3.2 to 7.5)

+3.6%
(+1.9 to +6.2)

Dasatinib
No. of Patients: 1802
(6 RCTs)

OR 2.68
(1.72 to 4.17)

2.5%

6.5%
(4.3 to 9.7)

+4.0%
(+1.7 to +7.2)

2.5. Risk of Bias
The analysis of the risk of bias is reported in the Figure S1. Four studies of the 12 included in
the AOE analysis were considered to have high concern. Indeed, because of the discovery of the
risk of vascular occlusion with another BCR-ABL TKI (i.e., ponatinib) before these four studies were
conducted, the reporting and the subjectivity of similar events (e.g., chest pain, phlebitis) with the
investigated treatments might have been affected. All of the 14 included trials were at moderate risk of
bias because of the high rate of treatment discontinuation or switching and the possibility of modifying
the treatment dose. Additional risks of potential bias were the lack of details of the randomization
process, the selection of the reported outcome and the open-label design. Funnel plots and Egger’s
tests indicated no evidence of publication bias (Figure S5).
3. Discussion
3.1. Should Second-Generation TKIs Be Favored over Imatinib for Treatment-Naïve CP-CML Patients?
3.1.1. Are Second-Generation TKIs More Efficient Than Imatinib to Treat CP-CML?
This is the first meta-analysis of second-generation BCR-ABL TKIs that provides long-term
estimates on efficacy and safety compared to imatinib. The major finding of this meta-analysis of 14 RCTs
including 4659 CML patients was that second-generation BCR-ABL TKIs did not significantly improve
short- or long-term overall survival compared with imatinib. Except for nilotinib, for which survival
superiority was suggested in the ENESTnd trial [14], this absence of the benefit of second-generation
TKI in terms of survival is in accordance with the RCT results [6,7]. Unsurprisingly, and in line with
large clinical trials, surrogate outcomes such as the rates of MMR and CCyR at 12 and 24 months were
improved with second-generation BCR-ABL TKIs compared to imatinib.
Based on the higher rate of surrogate outcomes with second-generation TKIs, numerous recent
studies have concluded that second-generation TKIs are superior for frontline treatment of CML,
challenging the position of imatinib [2,9,10,12]. Surrogate outcomes have been adopted as predictive
of overall survival at the time CML patients were treated with interferon-α because of the strong
correlation between cytogenetic response and survival. They have then been used for TKI marketing
authorization because patient-relevant outcomes (e.g., overall survival and progression-free survival)
are time dependent. However, BCR-ABL TKIs and interferon-α differ in their mechanisms of action,
but the validity of the surrogate outcomes to predict patient survival with TKIs has not been questioned.
Different molecular responses (early molecular response and MR 4.5) have been proposed as surrogate
markers for overall survival but have failed to predict patient survival [39]. To our knowledge, it has
not been demonstrated that a potential TKI effect on survival is explained by molecular response.
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These biomarkers may not fully capture the action TKIs have on the overall survival. Indeed, the lack
of selectivity of BCR-ABL TKIs is responsible for numerous adverse events that may affect patient
survival (e.g., ischemic stroke or myocardial infarction) [40]. A long-term study of patients with
CML treated by second- or third- generation TKIs demonstrates that approximately a third of death
were related to cardiovascular diseases [41]. This potentially explains why, even with long follow-up,
improvement in surrogate outcomes with second-generation TKIs does not result in better overall
survival. Consequently, surrogate outcomes should not be interpreted alone. The long-term benefits,
treatment safety and patients’ quality of life (QoL) should be preferred and seem more relevant because
of the long life expectancy of CP-CML patients, close to that of the general population [42].
3.1.2. Do All Second-Generation TKIs Favor Arterial Occlusion?
As imatinib and second-generation TKIs confer similar survival probability, their vascular safety
is important to consider avoiding premature non-CML-related deaths or vascular-related disabilities.
Our meta-analysis confirms that the risk of AOEs is higher with second-generation TKIs than with
imatinib. Of 1000 CP-CML patients, 38 more patients (95% CI, 24–57) will develop an arterial occlusive
disease with second-generation TKIs compared with imatinib. In accordance with real-life studies,
the risk of arterial occlusion has reportedly been higher with nilotinib, dasatinib and ponatinib.
Bosutinib has the safer vascular profile and is currently not associated with a significant increase of the
risk of vascular occlusion [43,44]. However, the size of the population of the bosutinib analysis is limited
compared to the number of patients in the dasatinib and nilotinib subgroups. This lack of statistical
evidence should therefore not be seen as evidence of an absence of a true risk. Further investigations
are needed to improve the power of the analysis. In addition, data with bosutinib were obtained from
two trials sponsored by the marketing authorization holder. Assessment of the AOE analysis indicated
that higher ORs were reported in institutional or academic trials (i.e., NCT00070499 and NordCML006)
than in sponsored industrial studies, raising some concerns about the risk of bias.
3.1.3. Imatinib and Second-Generation TKIs Have Limited Impact on Patients’ QoL
The potential long-term duration of BCR-ABL TKI treatment led patients and physicians to pay
more attention to treatment long-term risks and the impact on patients’ QoL. However, the latter has
rarely been studied in clinical trials. The few such studies report similar QoL with imatinib as in the
general population among older patients (older than 59 years) [45]. However, younger patients are
more affected and report limitations in work and daily activities compared to the age-matched general
population (i.e., without cancer) [45]. With second-generation TKIs, quality-of-life sub analyses have
been performed in four large RCTs (i.e., BFORE, ENESTnd, ENESTchina and SPIRIT2) [46–51]. All these
analyses reported no differences in QoL between the second-generation TKIs and imatinib [46–51].
3.1.4. Recommendations for Frontline Treatment of CP-CML
Imatinib and second-generation BCR-ABL TKIs are all highly effective in treating CP-CML and
provide survival close to that of the age-matched population. Imatinib has demonstrated reassuring
long-term safety and efficacy [52]. At 10 years, the overall survival rate was estimated to be 83.3%,
and fewer than 10% of patients developed serious adverse events [52]. Second-generation TKIs increase
the rate of molecular and cytogenetic responses but do not provide benefits in patient survival or QoL
compared with imatinib.
The induction of faster and deeper molecular responses with second-generation TKIs compared
to imatinib in treatment-naïve patients has generated interest over the last few years for these drugs
because of the increasing number of candidates for TKI discontinuation (i.e., a higher number of patients
who achieved rapid molecular remission) [53]. However, in retrospect, treatment discontinuation
was less successful than announced, with a higher number of patients relapsing after TKI cessation
than expected. Recent studies indicate that TKI discontinuation was successful in 20% of patients (i.e.,
almost 40% of CML patients are eligible for treatment discontinuation, with a success rate of 50%),
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and criteria for trying treatment cessation are more constraining [54]. In addition, patients should be
treated longer (i.e., optimally more than 8 years) with a TKI before trying treatment cessation [54].
Due to the safety profile of second-generation TKIs, particularly the vascular issue damage from
these treatments (with the exception of bosutinib, which requires further investigation), the frontline
treatment choice should not focus solely on the objective of treatment-free remission. Arterial occlusion
occurred more frequently in patients with prior cardiovascular risk factors. Therefore, an estimation
of 10-year arteriosclerotic cardiovascular disease risk, as recommended by the ACC/AHA, should be
applied to CML patients before making a treatment decision [55].
The treatment choice should then be made individually by carefully weighing the benefits and
the risks of each TKI. These results support the current NCCN guidelines, particularly to limit the
use of second-generation TKIs as frontline drugs for young patients. Finally, the treatment cost
should be taken into account. A recent study demonstrates that the one-year health care expenditures
were significantly higher among patients treated with second-generation BCR-ABL TKIs as first-line,
compared with those treated with imatinib [56].
3.1.5. Is the BCR-ABL TKI Dose Optimal?
Modification of the TKI dose regimen has already been proposed as a potential measure to minimize
the risk of AOEs, but data were insufficient to provide formal recommendations [8]. The results of
our meta-analysis suggest that the efficacy of nilotinib is similar independent of the dose. However,
nilotinib 400 mg BID was associated with a higher incidence of AOEs. Therefore, the use of 400 mg BID
nilotinib is questionable. Dasatinib has been tested in a RCT only at 100 mg QD in newly diagnosed
CP-CML patients. Future studies should assess the benefits of reduced doses of nilotinib and dasatinib
to minimize the risk of arterial occlusion while preserving efficacy. For bosutinib, the comparison
between the BELA and the BFORE trial, in which participants were treated with 500 mg and 400 mg
QD, respectively, indicates a similar OR for efficacy outcomes and AOE occurrence. A dose reduction
to 300 mg QD allowed a reduction of adverse events and better tolerability. However, its effect on
efficacy and arterial occlusion has not been studied [57].
3.2. Measures to Minimize the Vascular Risk with Second-Generation TKIs
Several measures have already been recommended in the literature to minimize the risk of
arterial occlusion [17,58]. These recommendations aim to minimize cardiovascular risk by acting on
common cardiovascular risk factors. Prevention treatment is only recommended for patients with
diagnosed cardiovascular disease or diabetes. In the European Summary of Product Characteristics
(EU-SMPC), recommendations to prevent arterial occlusion are only provided for nilotinib [59–61].
The SMPC of nilotinib does not suggest additional measures that evaluate cardiovascular risk or
the management or monitoring of common cardiovascular risk factors. Recent in vitro and in vivo
studies suggest that nilotinib and ponatinib may induce arterial occlusion through coronary artery
vasospasm by inhibiting the RAS/RAF/MEK pathway and increasing Ca2+ release by activating the
calcium channel [62,63]. The use of diltiazem, a calcium channel blocker, to prevent vascular occlusion
is an interesting possibility that should be further investigated in clinical settings with nilotinib and
ponatinib [63].
3.3. Strengths and Limitations
A major limitation of this meta-analysis is the use of aggregate data from the studies because of
the lack of access to individual data. This precludes additional calculations such as overall survival
analyses based on patients’ Sokal score and age and the integration of patients’ comorbidities in the
analysis of AOEs. In addition, access to individual data would provide the advantage that statistical
analyses could be standardized between but also within studies, and allow the computation of the
number of patients eligible for treatment discontinuation. Progression-free survival was not analyzed
in our meta-analysis as its definition differs between studies [64]. Another limitation was the selection

Cancers 2020, 12, 1242

9 of 15

of the ITT population as data source, as this population does not take into account the proportion of
patients who switched to another TKI.
A major strength of this meta-analysis is the integration of both published and unpublished data
that limit the risk of publication bias. As much as possible, we confront the data from the different
sources and use a conservative approach to select the data that have been included in the quantitative
analysis. Another strength of our analysis is that we assessed the rates of molecular and cytogenetic
responses at specific time points (e.g., MMR at 12 months). Most clinical trials have investigated these
surrogate outcomes over a period of time, also called the cumulative response, and the reporting of
these data is often unclear (i.e., no specification of the type of analysis). Due to the rapid variation
of the molecular response, the cumulative incidence is frequently higher than the response rate at
a specific time point. Loss of molecular or cytogenetic responses can be the consequence of lack of
compliance, treatment intolerance and drug resistance, three factors that are revealed by the analysis of
responses at specific time points rather than cumulative response.
4. Materials and Methods
4.1. Search Methods
This meta-analysis was performed in accordance with the protocol for meta-analyses published in
2015 [8] and complied with the PROSPERO protocol 2014:CRD42014014147. Three scientific databases
(PubMed (from 1966), Scopus (from 1995) and CENTRAL (Cochrane Central Register of Controlled
Trials; from 1996)), a clinical trial registry (clinicaltrials.gov) and abstracts from the last 3 years of
3 meetings (i.e., ASCO, ESMO and ASH congresses) were searched up to 14 January 2019 using the
search strategy reported in Method S1. Only English publications were considered. This meta-analysis
follows the PRISMA statement (Table S3).
4.2. Data Collection
4.2.1. Study Selection
Two researchers (HH and JD) independently screened all titles and abstracts identified from
the literature search to determine potentially eligible studies. We included RCTs that compared a
second-generation TKI approved for first-line CML treatment with imatinib in patients with CML.
The full texts of these potentially relevant articles were then assessed independently by the same
researchers (HH and JD) based on predefined inclusion and exclusion criteria. Disagreements were
resolved through discussion with a third author (JMD).
4.2.2. Data Extraction
The data extraction was performed for each study independently by 2 researchers (HH and
JD) using a standard data extraction form. The outcomes extracted were overall survival, MMR
and CCyR at predefined time points (12 months, 24 months, 36 months, 48 months and 60 months,
when available), as well as AOEs and VTEs. Method S2 presents the list of terms considered as AOEs
and VTEs. Reviewers took special care to extract responses at a specific time point rather than the
cumulative response (i.e., rate of response achieved by the time point, regardless of whether they lost
the response/discontinued or not). The number of patients alive was also preferred over the estimated
overall survival (Kaplan–Meier analysis), and the overall survival with the longest study follow-up
was included.
When discrepancies occurred between sources a conservative approach was adopted. For AOE
and VTE analyses, data were extracted from the adverse event report rather than from secondary
analyses performed by the study sponsor (i.e., vascular safety analyses performed as secondary
outcomes) when possible, to limit the risk of bias.
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4.3. Data Analysis
4.3.1. Data Synthesis
We conducted meta-analyses of dichotomous variables with the fixed-effect model (FEM) by
computing odds ratios (ORs) and 95% confidence intervals (CIs). For the AOE and VTE analyses, ORs
were computed using the Peto method because the rate of events was low [65]. Statistical analyses were
performed using Review Manager (RevMan) version 5.3 (Copenhagen, 2014, https://training.cochrane.
org/online-learning/core-software-cochrane-reviews/revman/revman-5-download). In addition to
ORs, anticipated absolute effects were computed using a GRADE profiler (GRADEpro GDT, McMaster
University, 2015). This measure was expressed as a risk difference with its 95% CI and is based on the
baseline risk (i.e., the risk in the comparison group) and the relative effect of the intervention.
4.3.2. Subgroup Analysis and Investigation of Heterogeneity
Stratification per treatment was performed, as well as per TKI dose when data were available.
Heterogeneity among trials was quantified by the I2 statistic, with an I2 value < 25% reflecting mild
heterogeneity, 25%–50% reflecting moderate heterogeneity and > 50% reflecting severe heterogeneity.
4.3.3. Sensitivity Analysis
Sensitivity analyses were performed as a repeat of the meta-analysis by substituting previously
treated patients in order to explore their impact on MMR and CCyR. Sensitivity analyses were also
performed by subtracting trials with high-dose imatinib (i.e., greater than 400 mg per day).
4.3.4. Assessment of Risk of Bias in Included Studies
The risk of bias was assessed using the Cochrane Collaboration’s risk of bias 2 (RoB 2) tool for
RCT [66]. To assess the risk of reporting bias, we carried out an assessment of publication bias using
funnel plots. Funnel plot asymmetry was evaluated using Egger’s regression tests [67].
5. Conclusions
Since the introduction of BCR-ABL TKIs, patients’ and physicians’ concerns have shifted because of
their high efficacy, and more attention has been paid to treatment toxicity and patients’ QoL. Even with
long follow-up, there is no direct evidence of a survival benefit associated with second-generation
BCR-ABL TKIs. Given the long-term use of BCR-ABL TKI treatment, the therapeutic option should
be selected individually and based on multiple factors, including cardiovascular safety and QoL.
Future research should focus on these two last points. To date, the cardiovascular safety of bosutinib is
reassuring. In light of the present results, it is anticipated that an in-depth reanalysis of the clinical
trials by the marketing authorization holders together with the regulatory bodies would be needed to
update the product information with the most recent data analysis. This would provide health care
professionals with updated recommendations on the benefits and risks of these medicines.
Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6694/12/5/1242/s1,
Method S1: Search strategy, Method S2: list of terms considered as “arterial occlusive events” and “venous
thromboembolisms”, Figure S1: Risk of bias summary, Figure S2: Sub-analyses by TKI dose, Figure S3: Sensitivity
analysis, Figure S4: Forest plots of MMR, CCyR and venous thromboembolism in patients with CML treated
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Author Contributions: Conceptualization, H.H., J.D. and J.-M.D.; methodology and literature search, H.H.
and J.D.; software, H.H.; validation, H.H. and J.D.; writing—original draft preparation, H.H., J.D. and J.-M.D.;
writing—review and editing, C.G. and F.M.; supervision, J.D. All authors have read and agreed to the published
version of the manuscript.
Funding: This research received no external funding.

Cancers 2020, 12, 1242

11 of 15

Conflicts of Interest: Carlos Graux reports personal fees from CAF-DCF, Celgene, Amgen, Takeda Belgium and
Pfizer outside the submitted work. François Mullier reports institutional fees from Stago, Werfen, Nodia, Roche
Sysmex and Bayer. He also reports speaker fees from Boehringer Ingelheim, Bayer Healthcare, Bristol-Myers
Squibb-Pfizer, Stago, Sysmex and Aspen all outside the submitted work. Jonathan Douxfils is the CEO of
QUALIblood sa, reports fees from Daiichi-Sankyo, DOASense, Diagnostica Stago, Portola Pharmaceuticals, Roche,
Roche Diagnostics, outside the submitted work. The other authors have no conflicts of interest to disclose.

References
1.

2.
3.
4.
5.

6.

7.

8.

9.

10.
11.

12.

13.

14.

Radich, J.P.; Deininger, M.; Abboud, C.N.; Altman, J.K.; Berman, E.; Bhatia, R.; Bhatnagar, B.; Curtin, P.;
DeAngelo, D.J.; Gotlib, J.; et al. Chronic Myeloid Leukemia, Version 1.2019, NCCN Clinical Practice
Guidelines in Oncology. J. Natl. Compr. Cancer Netw. 2018, 16, 1108–1135. [CrossRef]
Cortes, J.E. A second-generation TKI should always be used as initial therapy for CML. Blood Adv. 2018, 2,
3653–3655. [CrossRef] [PubMed]
Hantel, A.; Larson, R.A. Imatinib is still recommended for frontline therapy for CML. Blood Adv. 2018, 2,
3648–3652. [CrossRef] [PubMed]
Baccarani, M.; Castagnetti, F.; Gugliotta, G.; Rosti, G. A review of the European LeukemiaNet
recommendations for the management of CML. Ann. Hematol. 2015, 9, 141–147. [CrossRef] [PubMed]
Hochhaus, A.; Saussele, S.; Rosti, G.; Mahon, F.X.; Janssen, J.; Hjorth-Hansen, H.; Richter, J.; Buske, C.;
Committee, E.G. Chronic myeloid leukaemia: ESMO Clinical Practice Guidelines for diagnosis, treatment
and follow-up. Ann. Oncol. 2017, 28, 41–51. [CrossRef]
Cortes, J.E.; Saglio, G.; Kantarjian, H.M.; Baccarani, M.; Mayer, J.; Boque, C.; Shah, N.P.; Chuah, C.;
Casanova, L.; Bradley-Garelik, B.; et al. Final 5-Year Study Results of DASISION: The Dasatinib Versus
Imatinib Study in Treatment-Naive Chronic Myeloid Leukemia Patients Trial. J. Clin. Oncol. 2016, 34,
2333–2340. [CrossRef]
O’Brien, S.; Cork, L.; Bandeira, V.; Bescoby, R.; Foroni, L.; Alaily, L.; Osborne, W.; Bell-Gorrod, H.; Latimer, N.;
Apperley, J.; et al. Spirit 2: Final 5 Year Analysis of the UK National Cancer Research Institute Randomized Study
Comparing Imatinib with Dasatinib in Patients with Newly Diagnosed Chronic Phase CML; ASH: San Diego, CA,
USA, 2018.
Douxfils, J.; Haguet, H.; Mullier, F.; Chatelain, C.; Graux, C.; Dogne, J.M. Association Between BCR-ABL
Tyrosine Kinase Inhibitors for Chronic Myeloid Leukemia and Cardiovascular Events, Major Molecular
Response, and Overall Survival: A Systematic Review and Meta-analysis. JAMA Oncol. 2016, 2, 625–632.
[CrossRef]
Fachi, M.M.; Tonin, F.S.; Leonart, L.P.; Aguiar, K.S.; Lenzi, L.; Figueiredo, B.C.; Fernandez-Llimos, F.;
Pontarolo, R. Comparative efficacy and safety of tyrosine kinase inhibitors for chronic myeloid leukaemia:
A systematic review and network meta-analysis. Eur. J. Cancer 2018, 104, 9–20. [CrossRef]
Chen, K.K.; Du, T.F.; Wu, K.S.; Yang, W. First-line treatment strategies for newly diagnosed chronic myeloid
leukemia: A network meta-analysis. Cancer Manag. Res. 2018, 10, 3891–3910. [CrossRef]
Hoffmann, V.S.; Hasford, J.; Deininger, M.; Cortes, J.; Baccarani, M.; Hehlmann, R. Systematic review and
meta-analysis of standard-dose imatinib vs. high-dose imatinib and second generation tyrosine kinase
inhibitors for chronic myeloid leukemia. J. Cancer Res. Clin. Oncol. 2017, 143, 1311–1318. [CrossRef]
Gurion, R.; Gafter-Gvili, A.; Vidal, L.; Leader, A.; Ram, R.; Shacham-Abulafia, A.; Paul, M.; Ben-Bassat, I.;
Shpilberg, O.; Raanani, P. Has the time for first-line treatment with second generation tyrosine kinase inhibitors
in patients with chronic myelogenous leukemia already come? Systematic review and meta-analysis.
Haematologica 2013, 98, 95–102. [CrossRef] [PubMed]
Hochhaus, A.; Saglio, G.; Hughes, T.P.; Larson, R.A.; Kim, D.W.; Issaragrisil, S.; le Coutre, P.D.; Etienne, G.;
Dorlhiac-Llacer, P.E.; Clark, R.E.; et al. Long-term benefits and risks of frontline nilotinib vs imatinib for
chronic myeloid leukemia in chronic phase: 5-year update of the randomized ENESTnd trial. Leukemia 2016,
30, 1044–1054. [CrossRef]
Larson, R.A.; Kim, D.-W.; Jootar, S.; Pasquini, R.; Clark, R.E.; Lobo, C.; Goldberg, S.L.; Shibayama, H.;
Hochhaus, A.; Saglio, G.; et al. ENESTnd 5-year (y) update: Long-term outcomes of patients (pts) with
chronic myeloid leukemia in chronic phase (CML-CP) treated with frontline nilotinib (NIL) versus imatinib
(IM). J. Clin. Oncol. 2014, 32, 7073. [CrossRef]

Cancers 2020, 12, 1242

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

12 of 15

European Medicines Agency. European Medicines Agency Recommends Changes in Use of Leukaemia
Medicine Iclusig (Ponatinib) in Order to Minimise Risk of Blood Clots. Available online: http:
//www.ema.europa.eu/docs/en_GB/document_library/Press_release/2013/11/WC500155451.pdf (accessed on
13 January 2020).
Cortes, J.E.; Kim, D.W.; Pinilla-Ibarz, J.; le Coutre, P.D.; Paquette, R.; Chuah, C.; Nicolini, F.E.; Apperley, J.F.;
Khoury, H.J.; Talpaz, M.; et al. Ponatinib efficacy and safety in Philadelphia chromosome-positive leukemia:
Final 5-year results of the phase 2 PACE trial. Blood 2018, 132, 393–404. [CrossRef] [PubMed]
Haguet, H.; Douxfils, J.; Mullier, F.; Chatelain, C.; Graux, C.; Dogne, J.M. Risk of arterial and venous occlusive
events in chronic myeloid leukemia patients treated with new generation BCR-ABL tyrosine kinase inhibitors:
A systematic review and meta-analysis. Expert Opin. Drug Saf. 2017, 16, 5–12. [CrossRef]
Committee for Medicinal Products for Human Use of the European Medicines Agency. Summary of Opinion
(Post Authorisation): Bosulif. Available online: https://www.ema.europa.eu/en/documents/smop/chmppost-authorisation-summary-positive-opinion-bosulif_en.pdf (accessed on 1 March 2020).
U.S. Food and Drug Administration. FDA Grants Accelerated Approval to Bosutinib for Treatment
of Newly-Diagnosed PH+ CML. Available online: https://www.fda.gov/drugs/resources-informationapproved-drugs/fda-grants-accelerated-approval-bosutinib-treatment-newly-diagnosed-ph-cml (accessed
on 13 January 2020).
Choi, S.-Y.; Lee, S.-E.; Kim, S.-H.; Jang, E.-J.; Lee, J.-h.; Oh, Y.-J.; Bang, J.-H.; Park, J.-E.; Byun, J.-Y.; Jeon, H.-L.;
et al. Nilotinib Versus High-Dose Imatinib in Early Chronic Phase CML Patients Who Have Suboptimal
Molecular Responses to Standard-Dose Imatinib: Updated Data From RE-Nice Study. Blood 2012, 120, 3775.
[CrossRef]
Cavalli, F.; Jin, J.; Pylypenko, H.; Verhoef, G.; Siritanaratkul, N.; Drach, J.; Raderer, M.; Mayer, J.;
Pereira, J.; Tumyan, G.; et al. 1004OFinal overall survival results of frontline bortezomib plus rituximab,
cyclophosphamide, doxorubicin, and prednisone (VR-CAP) vs R-CHOP in transplantation-ineligible patients
(pts) with newly diagnosed mantle-cell lymphoma (MCL): A randomized, open-label, phase III (LYM-3002)
study. Ann. Oncol. 2018, 29. [CrossRef]
Deininger, M.; Kota, V.; Lipton, J.; Milojkovic, D.; Gutierrez, V.G.; Leip, E.; Nick, S.; Hochhaus, A.; Gambacorti
Passerini, C.; Cortes, J.E.; et al. Bosutinib or Imatinib in Older Vs Younger Patients with Newly Diagnosed
Chronic Myeloid Leukemia in the Phase 3 BFORE Trial. Blood 2018, 132, 1734. [CrossRef]
Gambacorti-Passerini, C.; Deininger, M.W.; Mauro, M.J.; Chuah, C.; Kim, D.-W.; Dyagil, I.; Glushko, N.;
Milojkovic, D.; le Coutre, P.D.; García Gutiérrez, V.; et al. Bosutinib Vs Imatinib for Newly Diagnosed Chronic
Myeloid Leukemia (CML) in the BFORE Trial: 18 Month Follow-up. Blood 2017, 130, 896.
Cortes, J.E.; Mauro, M.J.; Deininger, M.W.N.; Chuah, C.; Kim, D.-W.; Kota, V.; Lipton, J.H.; Rousselot, P.H.;
Milojkovic, D.; Le Coutre, P.D.; et al. Bosutinib vs imatinib for newly diagnosed chronic myeloid leukemia in
the BFORE trial: 24-month follow-up. J. Clin. Oncol. 2018, 36, 7002. [CrossRef]
Saglio, G.; Kim, D.W.; Issaragrisil, S.; le Coutre, P.; Etienne, G.; Lobo, C.; Pasquini, R.; Clark, R.E.; Hochhaus, A.;
Hughes, T.P.; et al. Nilotinib versus imatinib for newly diagnosed chronic myeloid leukemia. N. Engl. J. Med.
2010, 362, 2251–2259. [CrossRef] [PubMed]
Cortes, J.; Jiang, Q.; Wang, K.; Weng, J.; Zhu, H.; Xiaoli, L.; Hochhaus, A.; Kim, D.W.; Radich, J.; Savona, M.R.;
et al. Dasatinib Versus Imatinib in Patients (Pts) with Chronic Myeloid Leukemia in Chronic Phase (CML-CP)
Who Have Not Achieved an Optimal Response to 3 Months of Imatinib Therapy: Dascern. Blood 2018, 132,
788. [CrossRef]
Radich, J.P.; Kopecky, K.J.; Appelbaum, F.R.; Kamel-Reid, S.; Stock, W.; Malnassy, G.; Paietta, E.; Wadleigh, M.;
Larson, R.A.; Emanuel, P.; et al. A randomized trial of dasatinib 100 mg versus imatinib 400 mg in newly
diagnosed chronic-phase chronic myeloid leukemia. Blood 2012, 120, 3898–3905. [CrossRef] [PubMed]
Kwak, J.Y.; Kim, S.H.; Oh, S.J.; Zang, D.Y.; Kim, H.; Kim, J.A.; Do, Y.R.; Kim, H.J.; Park, J.S.; Choi, C.W.; et al.
Phase III Clinical Trial (RERISE study) Results of Efficacy and Safety of Radotinib Compared with Imatinib
in Newly Diagnosed Chronic Phase Chronic Myeloid Leukemia. Clin. Cancer Res. 2017, 23, 7180–7188.
[CrossRef]
Lipton, J.H.; Chuah, C.; Guerci-Bresler, A.; Rosti, G.; Simpson, D.; Assouline, S.; Etienne, G.; Nicolini, F.E.;
le Coutre, P.; Clark, R.E.; et al. Ponatinib versus imatinib for newly diagnosed chronic myeloid leukaemia:
An international, randomised, open-label, phase 3 trial. Lancet Oncol. 2016, 17, 612–621. [CrossRef]

Cancers 2020, 12, 1242

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

13 of 15

Hughes, T.P.; Leber, B.; Cervantes, F.; Spector, N.; Pasquini, R.; Clementino, N.C.D.; Schwarer, A.P.;
Dorlhiac-Llacer, P.E.; Mahon, F.X.; Rea, D.; et al. Sustained deep molecular responses in patients switched to
nilotinib due to persistent BCR-ABL1 on imatinib: Final ENESTcmr randomized trial results. Leukemia 2017,
31, 2529–2531. [CrossRef]
Cortes, J.E.; De Souza, C.A.; Ayala, M.; Lopez, J.L.; Bullorsky, E.; Shah, S.; Huang, X.; Babu, K.G.;
Abdulkadyrov, K.; de Oliveira, J.S.R.; et al. Switching to nilotinib versus imatinib dose escalation in
patients with chronic myeloid leukaemia in chronic phase with suboptimal response to imatinib (LASOR):
A randomised, open-label trial. Lancet Haematol. 2016, 3, 581–591. [CrossRef]
Kantarjian, H.M.; Shah, N.P.; Cortes, J.E.; Baccarani, M.; Agarwal, M.B.; Undurraga, M.S.; Wang, J.; Ipina, J.J.;
Kim, D.W.; Ogura, M.; et al. Dasatinib or imatinib in newly diagnosed chronic-phase chronic myeloid
leukemia: 2-year follow-up from a randomized phase 3 trial (DASISION). Blood 2012, 119, 1123–1129.
[CrossRef]
Brummendorf, T.H.; Cortes, J.E.; de Souza, C.A.; Guilhot, F.; Duvillie, L.; Pavlov, D.; Gogat, K.;
Countouriotis, A.M.; Gambacorti-Passerini, C. Bosutinib versus imatinib in newly diagnosed chronic-phase
chronic myeloid leukaemia: Results from the 24-month follow-up of the BELA trial. Br. J. Haematol. 2015,
168, 69–81. [CrossRef]
Wang, J.; Shen, Z.X.; Saglio, G.; Jin, J.; Huang, H.; Hu, Y.; Du, X.; Li, J.; Meng, F.; Zhu, H.; et al. Phase 3
study of nilotinib vs imatinib in Chinese patients with newly diagnosed chronic myeloid leukemia in chronic
phase: ENESTchina. Blood 2015, 125, 2771–2778. [CrossRef]
O’Brien, S.; Hedgley, C.; Adams, S.; Foroni, L.; Apperley, J.; Holyoake, T.L.; Pocock, C.; Byrne, J.L.; Seeley, L.M.;
Osborne, W.; et al. Spirit 2: An NCRI Randomised Study Comparing Dasatinib with Imatinib in Patients with
Newly Diagnosed CML; ASH: San Francisco, CA, USA, 2014.
Kantarjian, H.; Pasquini, R.; Levy, V.; Jootar, S.; Holowiecki, J.; Hamerschlak, N.; Hughes, T.; Bleickardt, E.;
Dejardin, D.; Cortes, J.; et al. Dasatinib or high-dose imatinib for chronic-phase chronic myeloid leukemia
resistant to imatinib at a dose of 400 to 600 milligrams daily: Two-year follow-up of a randomized phase 2
study (START-R). Cancer 2009, 115, 4136–4147. [CrossRef] [PubMed]
Hughes, T.P.; Lipton, J.H.; Spector, N.; Cervantes, F.; Pasquini, R.; Clementino, N.C.; Dorlhiac Llacer, P.E.;
Schwarer, A.P.; Mahon, F.X.; Rea, D.; et al. Deep molecular responses achieved in patients with CML-CP
who are switched to nilotinib after long-term imatinib. Blood 2014, 124, 729–736. [CrossRef] [PubMed]
Hjorth-Hansen, H.; Stenke, L.; Soderlund, S.; Dreimane, A.; Ehrencrona, H.; Gedde-Dahl, T.; Gjertsen, B.T.;
Hoglund, M.; Koskenvesa, P.; Lotfi, K.; et al. Dasatinib induces fast and deep responses in newly diagnosed
chronic myeloid leukaemia patients in chronic phase: Clinical results from a randomised phase-2 study
(NordCML006). Eur. J. Haematol. 2015, 94, 243–250. [CrossRef] [PubMed]
Guilhot, J.; Preudhomme, C.; Mahon, F.X.; Guilhot, F. Analyzing molecular response in chronic myeloid
leukemia clinical trials: Pitfalls and golden rules. Cancer 2015, 121, 490–497. [CrossRef]
Ota, S.; Matsukawa, T.; Yamamoto, S.; Ito, S.; Shindo, M.; Sato, K.; Kondo, T.; Kohda, K.; Sakai, H.; Mori, A.;
et al. Severe adverse events by tyrosine kinase inhibitors decrease survival rates in patients with newly
diagnosed chronic-phase chronic myeloid leukemia. Eur. J. Haematol. 2018, 101, 95–105. [CrossRef]
Caocci, G.; Mulas, O.; Annunziata, M.; Luciano, L.; Abruzzese, E.; Bonifacio, M.; Orlandi, E.M.; Albano, F.;
Galimberti, S.; Iurlo, A.; et al. Long-term mortality rate for cardiovascular disease in 656 chronic myeloid
leukaemia patients treated with second- and third-generation tyrosine kinase inhibitors. Int. J. Cardiol. 2019.
[CrossRef]
Bower, H.; Bjorkholm, M.; Dickman, P.W.; Hoglund, M.; Lambert, P.C.; Andersson, T.M. Life Expectancy
of Patients with Chronic Myeloid Leukemia Approaches the Life Expectancy of the General Population.
J. Clin. Oncol. 2016, 34, 2851–2857. [CrossRef]
Caocci, G.; Mulas, O.; Bonifacio, M.; Abruzzese, E.; Galimberti, S.; Orlandi, E.M.; Iurlo, A.; Annunziata, M.;
Luciano, L.; Castagnetti, F.; et al. Recurrent arterial occlusive events in patients with chronic myeloid leukemia
treated with second- and third-generation tyrosine kinase inhibitors and role of secondary prevention.
Int. J. Cardiol. 2019, 288, 124–127. [CrossRef]
Chai-Adisaksopha, C.; Lam, W.; Hillis, C. Major arterial events in patients with chronic myeloid leukemia
treated with tyrosine kinase inhibitors: A meta-analysis. Leuk. Lymphoma. 2016, 57, 1300–1310. [CrossRef]

Cancers 2020, 12, 1242

45.

46.

47.

48.

49.

50.

51.

52.

53.
54.
55.
56.

57.

58.

59.

60.

61.

62.

14 of 15

Efficace, F.; Baccarani, M.; Breccia, M.; Alimena, G.; Rosti, G.; Cottone, F.; Deliliers, G.L.; Barate, C.; Rossi, A.R.;
Fioritoni, G.; et al. Health-related quality of life in chronic myeloid leukemia patients receiving long-term
therapy with imatinib compared with the general population. Blood 2011, 118, 4554–4560. [CrossRef]
Beaumont, J.L.; Magestro, M.; Coombs, J.; Fan, X.; Kemp, C.; Waltzman, R.J. Assessment of Patient Reported
Outcomes (PROs) From the Enestnd Trial with Minimum Follow-up of 36 Cycles. Blood 2012, 120, 3166.
[CrossRef]
Yu, L.; Wang, H.; Milijkovic, D.; Huang, X.; Jiang, Q. Achieving optimal response at 12 months is associated
with a better health-related quality of life in patients with chronic myeloid leukemia: A prospective,
longitudinal, single center study. BMC Cancer 2018, 18, 782. [CrossRef] [PubMed]
Cortes, J.E.; Gambacorti-Passerini, C.; Deininger, M.W.; Mauro, M.J.; Chuah, C.; Kim, D.-W.; Dyagil, I.;
Glushko, N.; Milojkovic, D.; le Coutre, P.D.; et al. Bosutinib Versus Imatinib for Newly Diagnosed Chronic
Myeloid Leukemia: 12-Month Patient-Reported Outcomes from the BFORE Trial. Blood 2017, 130, 2895.
Brummendorf, T.H.; Mamolo, C.M.; Reisman, A.; Bushmakin, A.G.; Cappelleri, J.C.; Crescenzo, R.;
DeAnnuntis, L.; Viqueira, A.; Cortes, J.E. Impact of Diarrhea on Health-Related Quality of Life: Analysis of
the Phase 3 BFORE Trial of Bosutinib Vs Imatinib for Newly Diagnosed Chronic Phase Chronic Myeloid
Leukemia. Blood 2018, 132, 4264. [CrossRef]
Guerin, A.; Chen, L.; Ionescu-Ittu, R.; Marynchenko, M.; Nitulescu, R.; Hiscock, R.; Keir, C.; Wu, E.Q. Impact
of low-grade adverse events on health-related quality of life in adult patients receiving imatinib or nilotinib
for newly diagnosed Philadelphia chromosome positive chronic myelogenous leukemia in chronic phase.
Curr. Med. Res. Opin. 2014, 30, 2317–2328. [CrossRef] [PubMed]
Labeit, A.M.; Copland, M.; Cork, L.; Hedgley, C.; Foroni, L.; Osborne, W.; Gills, G.; Apperley, J.; Holyoake, T.L.;
Bescoby, R.; et al. Assessment of Quality ofLife in the NCRI Spirit 2 Study Comparing Imatinib with Dasatinib in
Patients with Newly-Diagnosed Chronic Phase Chronic Myeloid Leukaemia; ASH: Orlando, FL, USA, 2015.
Hochhaus, A.; Larson, R.A.; Guilhot, F.; Radich, J.P.; Branford, S.; Hughes, T.P.; Baccarani, M.; Deininger, M.W.;
Cervantes, F.; Fujihara, S.; et al. Long-Term Outcomes of Imatinib Treatment for Chronic Myeloid Leukemia.
N. Engl. J. Med. 2017, 376, 917–927. [CrossRef] [PubMed]
Mahon, F.X. Treatment-free remission in CML: Who, how, and why? Hematol. Am. Soc. Hematol. Educ. Program.
2017, 2017, 102–109. [CrossRef]
Cortes, J.; Rea, D.; Lipton, J.H. Treatment-free remission with first- and second-generation tyrosine kinase
inhibitors. Am. J. Hematol. 2019, 94, 346–357. [CrossRef]
Jain, A.; Davis, A.M. Primary Prevention of Cardiovascular Disease. JAMA 2019, 1–3. [CrossRef]
Cole, A.L.; Wood, W.A., Jr.; Muluneh, B.; Lund, J.L.; Elston Lafata, J.; Dusetzina, S.B. Comparative Safety and
Health Care Expenditures Among Patients with Chronic Myeloid Leukemia Initiating First-Line Imatinib,
Dasatinib, or Nilotinib. JCO Oncol. Pract. 2020. [CrossRef]
Brummendorf, T.H.; Gambacorti Passerini, C.; Hochhaus, A.; Lipton, J.H.; Kota, V.; Deininger, M.; Leip, E.;
Viqueira, A.; Ferdinand, R.; Cortes, J. Efficacy and Safety Following Dose Reduction of Bosutinib or Imatinib
in Patients with Newly Diagnosed Chronic Myeloid Leukemia: Analysis of the Phase 3 BFORE Trial. Blood
2018, 132, 3005. [CrossRef]
García-Gutiérrez, V.; Jiménez-Velasco, A.; Gómez-Casares, M.T.; Sánchez-Guijo, F.; López-Sendón, J.L.;
Steegmann Olmedillas, J.L. Cardiovascular management of patients with chronic myeloid leukemia from
a multidisciplinary perspective, and proposing action protocol by consensus meeting. Med. Clínica 2016,
146, 561. [CrossRef]
European Medicines Agency.
Summary of Product Characteristics:
Tasigna.
Available
online: http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/
000798/WC500034394.pdf (accessed on 1 March 2020).
European Medicines Agency.
Summary of Product Characteristics:
Sprycel.
Available
online: http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/
000709/WC500056998.pdf (accessed on 1 March 2020).
European Medicines Agency.
Summary of Product Characteristics:
Bosulif.
Available
online: http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/
002373/WC500141721.pdf (accessed on 1 March 2020).
Fiets, R.B.; Staal, A.H.J.; Cramer, G.E.; Blijlevens, N.M.A. Coronary artery spasms due to tyrosine kinase
inhibitors used in chronic myeloid leukemia. Neth. J. Med. 2018, 76, 330–335. [PubMed]

Cancers 2020, 12, 1242

63.

64.

65.
66.

67.

15 of 15

Hamadi, A.; Grigg, A.P.; Dobie, G.; Burbury, K.L.; Schwarer, A.P.; Kwa, F.A.; Jackson, D.E. Ponatinib Tyrosine
Kinase Inhibitor Induces a Thromboinflammatory Response. Thromb. Haemost. 2019, 119, 1112–1123.
[CrossRef] [PubMed]
Kantarjian, H.; O’Brien, S.; Jabbour, E.; Shan, J.; Ravandi, F.; Kadia, T.; Faderl, S.; Garcia-Manero, G.;
Borthakur, G.; Cortes, J. Impact of treatment end point definitions on perceived differences in long-term
outcome with tyrosine kinase inhibitor therapy in chronic myeloid leukemia. J. Clin. Oncol. 2011, 29,
3173–3178. [CrossRef]
Bradburn, M.J.; Deeks, J.J.; Berlin, J.A.; Russell Localio, A. Much ado about nothing: A comparison of the
performance of meta-analytical methods with rare events. Stat. Med. 2007, 26, 53–77. [CrossRef]
Higgins, J.P.; Altman, D.G.; Gotzsche, P.C.; Juni, P.; Moher, D.; Oxman, A.D.; Savovic, J.; Schulz, K.F.;
Weeks, L.; Sterne, J.A.; et al. The Cochrane Collaboration’s tool for assessing risk of bias in randomised trials.
BMJ 2011, 343, 5928. [CrossRef]
Sterne, J.A.; Sutton, A.J.; Ioannidis, J.P.; Terrin, N.; Jones, D.R.; Lau, J.; Carpenter, J.; Rucker, G.; Harbord, R.M.;
Schmid, C.H.; et al. Recommendations for examining and interpreting funnel plot asymmetry in
meta-analyses of randomised controlled trials. BMJ 2011, 343, 4002. [CrossRef]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

