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Association Between BCR-ABL Tyrosine Kinase Inhibitors

for ChronicMyeloid Leukemia and Cardiovascular Events,

MajorMolecular Response, and Overall Survival

A Systematic Review andMeta-analysis

Jonathan Douxfils, PharmD, PhD; Hélène Haguet, MBS; François Mullier, PharmD, PhD; Christian Chatelain, MD;

Carlos Graux, MD, PhD; Jean-Michel Dogné, PharmD, PhD

IMPORTANCE A phase 3 trial with ponatinib in patients with chronic myeloid leukemia (CML)

was interrupted due to an important increase of vascular occlusive events. A similar risk was

also suspected with nilotinib, another BCR-ABL tyrosine kinase inhibitor (TKI) used in patients

with CML.

OBJECTIVE To assess the risk of vascular occlusive events in patients with CML treated by

new generations of TKIs and provide an overall assessment of the clinical benefit.

DATA SOURCES Two independent reviewers selected studies from PubMed, Scopus, and the

Cochrane library database from their inception to October 21, 2014. Abstracts published

during the past 3 years at international congresses and a trial register were also searched.

STUDY SELECTION Two independent reviewers screened abstracts and titles against inclusion

and exclusion criteria published previously in the PROSPERO 2014 protocol: CRD42014014147.

Among the 249 abstracts identified, 10 studies fulfilled the established criteria.

DATA EXTRACTION AND SYNTHESIS Two investigators independently extracted data using a

standard form.

MAIN OUTCOMES ANDMEASURES Information extracted included study and patients

characteristics, type of intervention and data on vascular occlusive events, overall survival,

andmajor molecular response (MMR). Themeta-analysis was performed using a fixed-effects

model. Odds ratios (ORs) with 95% CIs were computed using the Petomethod.

RESULTS Ten randomized clinical trials (3043 patients) were analyzed. Risk of vascular

occlusive events was increased with dasatinib (OR, 3.86; 95% CI, 1.33-11.18), nilotinib

(OR, 3.42; 95% CI, 2.07-5.63), and ponatinib (OR, 3.47; 95% CI, 1.23-9.78) compared with

imatinib in patients with CML. No significant difference was found with bosutinib (OR, 2.77;

95% CI, 0.39-19.77). New-generation TKIs increased the rate of MMR at 1 year compared with

imatinib (overall OR, 2.22; 95% CI, 1.87 to 2.63). No statistical difference in overall survival at

1 year was found (overall OR, 1.20; 95% CI, 0.63-2.29). Inaccessibility to individual data and

time-to-event data and differences in evaluation criteria between studies could have

introduced bias.

CONCLUSIONS AND RELEVANCE Dasatinib, nilotinib, and ponatinib increase vascular occlusive

events. New-generation TKIs improveMMR but not the overall survival at 1 year in patients

with CML.
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P
onatinib is aBCR-ABL tyrosinekinase inhibitor (TKI) in-

dicated in adult patients with chronic myeloid leuke-

mia (CML) or “Philadelphia chromosome–positive”

(Ph+) acute lymphoblastic leukemia (ALL). A high incidence

of arterial events, including peripheral artery occlusive dis-

ease (PAOD),hasbeenobservedwithponatinibduring theclini-

cal development.1 This prompted the Food and Drug Admin-

istration (FDA) to include a boxed warning in the prescribing

information for arterial thrombosis.2 This warning indicated

that 8% of patients treated by ponatinib experienced serious

arterial thrombosis.2

Serious cases of PAODwere also reported in patients with

CML treated with nilotinib in clinical trials and in post-

marketing experience.3,4 Although the exact relationship be-

tweennilotinib andvascular events remains speculative,5 sev-

eral retrospectivestudieshavedemonstratedahigher incidence

of cardiovascular events with nilotinib than with imatinib.4-7

However, these reportswerenot conclusiveowing to the small

number of patients and the retrospective designs.7 To our

knowledge, no signal of increased risk of vascular thrombosis

and embolism has been found in clinical trials with imatinib

anddasatinib.However, somepostmarketing caseshavebeen

reported.8,9Toourknowledge,nometa-analysishasbeenper-

formed to assess the risk of vascular occlusive events associ-

ated with the different BCR-ABL TKIs.

Theaimof thismeta-analysis is to compare the riskof vas-

cular occlusive events associated with new-generation BCR-

ABLTKIs (ie, bosutinib, dasatinib, nilotinib, andponatinib) vs

imatinib in patientswithCML. Stratifications byBCR-ABLTKI

areperformedtoprovideproduct-specific riskassessment.Data

ontheoverall survivalandthemajormolecular response(MMR)

were also extracted to provide global benefit-risk evaluation.

Methods

Search Strategy and Study Selection

Weconducted the literature search by screening the PubMed,

Scopus, and Cochrane library databases, following a litera-

ture search strategy using specific keywords and Boolean op-

erators (eMethods 1 in the Supplement). Systematic trial re-

search was performed from inception of each database until

October 21, 2014. Only English publicationswere considered.

Onepublicly available trial registerwas searched (https://www

.clinicaltrials.gov) to identify all clinical trials completed un-

tilNovember21,2014.Theresearchof randomizedclinical trials

was performed for bosutinib, dasatinib, nilotinib, and pona-

tinib. Abstracts published fromDecember 2011 throughOcto-

ber 2014 at international congresses (American Society ofHe-

matology,AmericanSocietyofClinicalOncology,andEuropean

Society of Medical Oncology) were also searched. Only ran-

domizedclinical trials that comparedanewgenerationofBCR-

ABL TKI vs standard of care (ie, imatinib) were included. The

primary outcome of interest was vascular occlusive events.

Data on the overall survival and the MMR were also ex-

tracted. We restricted our research to the subgroup analysis

of clinical trials that involved patients with CML, as de-

scribed in point 15 of the review questions in the protocol of

PROSPERO 2014: CRD42014014147.10 There was no restric-

tion regarding the sex and the age of the patients.

Study selection was performed in 2 stages. Initially, 2 of

us (J.D. and H.H.) screened abstracts and titles against inclu-

sionandexclusioncriteria.10Thenboth reviewersassessedpo-

tentially relevant articles in their entirety and decided on in-

clusion. All reviewed and excluded articles were recorded on

an Excel spreadsheet with annotations for reasons of exclu-

sions. Any disagreements were discussed and, if necessary,

resolved through discussion with a third reviewer (J.-M.D.).

Data Extraction and Assessment

of the Quality of the Included Studies

Two of us (J.D. andH.H.) independently extracted data using

a standard form. Disagreements were resolved through dis-

cussion with a third reviewer (J.-M.D.). Information ex-

tracted included study characteristics (study design, year of

publication, population, and endpoints), patient characteris-

tics (numbers of patients, age, and sex), type of intervention

(dosage, frequency, and control), anddata on the vascular oc-

clusive events, overall survival, andMMR.A list of terms con-

sidered as vascular occlusive events is provided in eMethods

2 in the Supplement. In case of missing or inconsistent data,

authors were contacted, with a reminder after 15 days if they

had not responded. If authors did not reply at all, data from

published articles (or data at https://www.clinicaltrials.gov

when published articleswere not available)were used. To as-

certain thevalidityof theeligible randomizedtrials, studyqual-

ity was assessed by Jadad score calculation for each study.11

Statistical Analysis

All calculations were performed using Comprehensive Meta-

Analysis software, version 2.2.064 (Biostat Inc). The meta-

analysiswasperformedusinga fixedeffectsmodel (FEM)based

on the assumption of a similar effect measure between stud-

ies.Thestatistical analysisusinga randomeffectsmodel is also

presented for consistency. The odds ratios (ORs) and 95%CIs

were calculated using the Peto method.12 When applicable,

1-waysensitivityanalyseswereperformedbyremovingasingle

studyata timetodeterminehowrobust the findingsare. Strati-

fications per treatment were also performed.

Statisticalheterogeneityacross thevarious trialswas tested

using the Cochran Q statistic and quantified by the I2 value.12

Publication biaswas assessed using funnel plot asymmetry.12

Key Points

Question:Do new-generation tyrosine kinase inhibitors induce a

higher risk of vascular occlusive events than imatinib in patients

with chronic myeloid leukemia (CML)?

Findings: In this meta-analysis, the risk of vascular occlusive

events was increased dasatinib, nilotinib, and ponatinib compared

with imatinib in patients with CML. No significant difference was

found with bosutinib.

Meaning: Cardiovascular function of patients treated with

dasatinib, nilotinib, and ponatinib should bemonitored on a

regular basis.
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Results

Selected Studies

After removingduplicates, 249abstractswere identified from

thedifferent sources (eFigure 1 in theSupplement).13After the

first screening, 19 articles and 30 abstracts fulfilled the estab-

lished criteria and were read in their entirety. A total of 6 ar-

ticles and 3 abstracts contained relevant data and were in-

cluded for statistical analysis.14-22 The clinicaltrials.gov

database (https://www.clinicaltrials.gov)wasscreenedto iden-

tify clinical trials that hadnot beenpublished.Nineteen clini-

cal trialswere found tobe eligible. Five clinical trials hadbeen

recently terminated, and results had not yet been published

(neither in the literature nor at clinicaltrials.gov). Three oth-

ers were terminated prematurely due to lack of recruitment.

In these studies, the analysis of efficacy was not performed,

andnodata couldbe extracted.Another trialwas excluded for

inappropriate design, leaving 10 studies (3043patients) iden-

tified through clinicaltrials.gov, of which 9 studies were also

identified in the literature.14-22TrialNCT00320190wasnotyet

published inthe literature.Regardingvascularocclusiveevents,

except for the EPIC trial (NCT01650805), we used the data

found at clinicaltrials.gov because itwasmore complete than

anyotherwise publishedversion.Among the 10 studies (3043

patients) included,3studiesdidnot reportoverall survival, and

9 studies reported vascular occlusive events and the efficacy

outcome of MMR.

Study Characteristics

The general characteristics and the Jadad score of the studies

selected for the meta-analysis are reported in eTable 1 in the

Supplement. All trials includedwere performedwith a popu-

lationofpatientswithCML.Mostof the trialswerenotblinded

owing to the complexity of the dose tailoring during the trial.

Therefore, studieswith a Jadad score less than 3were consid-

ered low-quality studies; thosewitha Jadadscoreof3orhigher

were considered high-quality studies (eTable 1 in the Supple-

ment). Among all analyses performed, therewas no evidence

of publication bias (eFigure 2 in the Supplement) nor hetero-

geneity among the studies (Table).

Primary and Secondary Outcomes

TheTable summarizes the results for theFEMand randomef-

fects model ORPETO for the vascular occlusive events, overall

survival, andMMR. A description of the heterogeneity is also

provided.

Vascular Occlusive Events

The Figure, A provides the forest plot for vascular occlusive

events stratifiedby treatmentgroup.Vascularocclusiveevents

occurred in 5.88% of patients (93 of 1582) treated with new-

generation TKIs vs 1.04% of patients (13 of 1253) treated with

imatinib (eTable 2 in the Supplement). The use of a new-

generation TKI was associated with a statistically significant

increased riskof vascular occlusive events (FEMORPETO, 3.45;

95% CI, 2.30-5.18). Subgroup analysis indicates that the risk

did not increase with bosutinib (FEM ORPETO, 2.77; 95% CI,

0.39-19.77), but the difference was statistically significant for

dasatinib (FEM ORPETO, 3.86; 95% CI, 1.33-11.18), nilotinib

(FEM ORPETO, 3.42, 95% CI, 2.07-5.63), and ponatinib (FEM

ORPETO, 3.47, 95% CI, 1.23-9.78). The 1-way sensitivity analy-

sis indicated that removing studies 1 by 1 did not change the

overall results (eFigure 3A in the Supplement). However, re-

movingtheDASISIONtrial (NCT00481247) in thedasatinibsub-

groupsignificantlyaffectedtheresult (eFigure3B intheSupple-

ment). Similarly, removing theENESTnd trial (NCT00471497)

in the nilotinib subgroupmade the results nonsignificant.

Table. Vascular Occlusive Events, Overall Survival, andMajorMolecular Response to Evaluated BCR-ABL TKIs

TKI

Peto Method12 Odds Ratio (95% CI) Heterogeneitya

Fixed Effects Modela Random Effects Model I2 Statistic P Valueb

Vascular Occlusive Events

Overall 3.45 (2.30-5.18) 3.45 (2.30-5.18) 0.000 .85

Bosutinib 2.77 (0.39-19.77) 2.77 (0.39-19.77) NA NA

Dasatinib 3.86 (1.33-11.18) 3.86 (1.33-11.18) 0.000 .42

Nilotinib 3.42 (2.07-5.63) 3.42 (2.07-5.63) 0.000 .72

Ponatinib 3.47 (1.23-9.78) 3.47 (1.23-9.78) NA NA

Overall Survival

Overall 1.20 (0.63-2.29) 1.14 (0.46-2.81) 34.328 .17

Bosutinib 2.38 (0.82-6.89) 2.38 (0.82-6.89) NA NA

Dasatinib 0.42 (0.14-1.31) 0.46 (0.11-2.01) 13.506 .32

Nilotinib 1.51 (0.38-5.99) 1.01 (0.09-10.96) 39.176 .20

Ponatinib 2.00 (0.21-19.33) 2.00 (0.21-19.33) NA NA

Major Molecular Response

Overall 2.22 (1.87-2.63) 2.22 (1.87-2.63) 0.000 .63

Bosutinib 1.86 (1.29-2.70) 1.86 (1.29-2.70) NA NA

Dasatinib 2.17 (1.66-2.83) 2.17 (1.66-2.83) 0.000 .61

Nilotinib 2.45 (1.85-3.24) 2.45 (1.84-3.26) 0.578 .37

Ponatinib 4.95 (0.97-25.19) 4.95 (0.97-25.19) NA NA

Abbreviations: NA, not applicable;

TKI, tyrosine kinase inhibitor.

a Description of the heterogeneity is

provided for fixed effects model.

bAll P values derived from the Q test.
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Figure. Forest Plots of the Outcomes of Interest in PatientsWith Ph+ Leukemia Treated

With New-Generation TKIs vs Imatinib

Weight, %P Value

Favors

Imatinib

Favors New-

Generation TKI

0.01 10 1001.00.1

Peto Odds Ratio (95% CI)

Source

Bosutinib

Peto Odds Ratio

(95% CI)

100.31NCT00574873-BELA 2.77 (0.39-19.77)

Dasatinib

7.37.32NCT00070499 7.39 (0.15-372.38)

12.88.32NCT00103844-START-R 4.46 (0.23-86.51)

Nilotinib

89.00<.001NCT00471497-ENESTnd 3.31 (1.95-5.61)

11.00.052NCT00760877-ENESTcmr 4.45 (0.99-20.02)

Ponatinib

100.02NCT01650805-EPIC 3.47 (1.23-9.78)

7.11.23NCT00320190 0.09 (0.00-4.61)

65.29.02NCT00481247-DASISION 4.86 (1.30-18.12)

7.35.30NCT00852566-NordCML006 8.09 (0.16-409.34)

<.001Overall 3.45 (2.30-5.18)

Vascular occlusive eventsA

Subtotal 2.77 (0.39-19.77) .31

Subtotal 3.86 (1.33-11.18) .01

Subtotal 3.42 (2.07-5.63) <.001

Subtotal 3.47 (1.23-9.78) .02

Weight, %P Value

Favors

Imatinib

Favors New-

Generation TKI

0.01 10 1001.00.1

Peto Odds Ratio (95% CI)

Source

Bosutinib

Peto Odds Ratio

(95% CI)

100.001NCT00574873-BELA 1.86 (1.29-2.70)

Dasatinib

27.52.02NCT00070499 1.84 (1.10-3.06)

11.05.03NCT00103844-START-R 2.50 (1.12-5.58)

Nilotinib

5.10.84NCT01400074-RE-NICE 1.14 (0.33-3.94)

88.98<.001NCT00471497-ENESTnd 2.49 (1.85-3.34)

5.92.02NCT00760877-ENESTcmr 3.77 (1.19-11.91)

Ponatinib

100.054NCT01650805-EPIC 4.95 (0.97-25.19)

56.34<.001NCT00481247-DASISION 2.15 (1.51-3.07)

5.10.02NCT00852566-NordCML006 4.33 (1.32-14.13)

<.001Overall 2.22 (1.87-2.63)

Major molecular responseC

Subtotal 1.86 (1.29-2.70) .001

Subtotal 2.17 (1.66-2.83) <.001

Subtotal 2.45 (1.85-3.24) <.001

Subtotal 4.95 (0.97-25.19) .054

Overall survivalB

Weight, %P Value

Favors

Imatinib

Favors New-

Generation TKI

0.01 10 1001.00.1

Peto Odds Ratio (95% CI)

Source

Bosutinib

Peto Odds Ratio

(95% CI)

100.11NCT00574873-BELA 2.38 (0.82-6.89)

Dasatinib

8.24.32NCT00070499 0.14 (0.00-6.82)

83.53.11NCT00481247-DASISION 0.36 (0.11-1.24)

Nilotinib

87.60.32NCT00471497-ENESTnd 2.12 (0.48-9.25)

12.40.32NCT00760877-ENESTcmr 0.14 (0.00-6.89)

Ponatinib

100.55NCT01650805-EPIC 2.00 (0.21-19.33)

8.23.34NCT00852566-NordCML006 6.80 (0.13-343.88)

.58Overall 1.20 (0.63-2.29)

Subtotal 2.38 (0.82-6.89) .11

Subtotal 0.42 (0.14-1.31) .14

Subtotal 1.51 (0.38-5.99) .56

Subtotal 2.00 (0.21-19.33) .55

In this illustration of statistical results,

squares represent odds ratios (the

size of the squares reflecting the

weight assigned to the study) and the

whiskers, 95% CIs, both calculated

using the Petomethod.12Diamonds

reflect the summary effect for each

treatment when the different studies

were polled together. No forest plot

contains all 10 trials because for each

analysis (overall survival, major

molecular response, and vascular

occlusive events), at least 1 study did

not report the event of interest.

PH+ indicates Philadelphia

chromosome–positive; TKI, tyrosine

kinase inhibitor.
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Overall Survival

TheFigure, B presents the forest plot for survival stratified by

treatments. Death during the first year occurred in 22 (1.49%)

of 1473 patients treated with a novel TKI compared with 24

(2.01%) of 1194 patients treatedwith imatinib (eTable 2 in the

Supplement). The analysis revealed a similar mortality rate

at 1 year between new-generation TKIs and imatinib (FEM

ORPETO, 1.20; 95% CI, 0.63-2.29). Stratification by treatment

did not change the results (bosutinib, FEM ORPETO, 2.38;

95% CI, 0.82-6.89; dasatinib, FEM ORPETO, 0.42; 95% CI,

0.14-1.31; nilotinib, FEM ORPETO, 1.51; 95% CI, 0.38-5.99; and

ponatinib, FEM ORPETO, 2.00; 95% CI, 0.21-19.33). One-way

sensitivity analysis indicated the robustness of the results

(eFigure 4 in the Supplement).

Efficacy

The Figure, C presents the forest plot for MMR rate at 1 year:

607 (44.18%) of 1374 patients treated with a new-generation

TKI achievedanMMRcomparedwith288 (27.35%)of 1053pa-

tients treatedwith imatinib (eTable 2 in theSupplement). This

led to a significant result favoringnew-generationTKIs rather

than imatinib (FEM ORPETO 2.22; 95% CI, 1.87-2.63). Stratifi-

cation by treatment indicated similar results for each TKI ex-

cept forponatinib (FEMORPETO4.95;95%CI,0.97-25.19).One-

waysensitivityanalysis supported the robustnessof the results

(eFigure 4 in the Supplement).

Discussion

Thismeta-analysisof randomizedclinical trials inpatientswith

CML treatedwithnew-generationTKIs vs imatinib focusedon

vascular occlusive events but also on overall survival and ef-

ficacy.Dasatinib,nilotinib, andponatinibwereassociatedwith

a higher rate of vascular occlusive events than imatinib. Even

if the results were not statistically significant with bosutinib,

there was a trend toward an increased risk of vascular occlu-

sive events. However, little is known about the exact inci-

denceofvascularocclusiveevents in long-termTKI-treatedpa-

tients with CML and about factors predisposing for vascular

occlusive events development. Several case reports and ret-

rospective and prospective studies have analyzed correla-

tionsbetweenpreexisting risk factorsandarterialocclusivedis-

ease occurrence and demonstrated that arterial occlusive

eventsdevelopedpredominantly inpatientswith 1ormore risk

factors (hypertension,diabetes,hyperlipidemia,obesity, smok-

ing, and/or prior vascular disease) prior to TKI treatment (ie,

nilotinibandponatinib).5,23-25TheMMRat 1yearwasachieved

by almost twice as many patients using the novel generation

TKI. However, improvement in overall survival was not

achieved at this data lock point, ie, 1 year.

A limitation in the present study concerns the lack of ac-

cess to individualdata thatmighthaveprovided important ad-

ditional information including, the number of deaths due to

vascular occlusive events and the baseline cardiac risk fac-

tors in each studyarm.Time-to-event resultswere alsonot re-

ported, and the fact that evaluation criteria were not similar

betweenstudiesmighthave introducedbias into theanalysis.26

Moreover, thewayof reporting adverse cardiovascular events

in trials of cancer therapies is controversial and can compro-

mise detection of cardiotoxic effects and limit the ability to

compare safety data between trials.26,27 Indeed, detection of

vascular adverse events is not optimal in the clinical trials for

several reasons.First, vasculareventswerenotexpectedsafety

end points, and the clinical trials were not designed to detect

them. Oncology clinical trials use the Common Terminology

Criteria forAdverseEvents (CTCAE) for adverse events report-

ing. This classification uses vague terms for reporting vascu-

lar events (eg, peripheral ischemia), leading to inaccurate re-

porting of these events.28,29 In addition, initial symptoms of

vascular adverse events are sometimesmisinterpreted.29This

meta-analysisprovides informationbasedon terminatedclini-

cal trials and does not aim to replace clinical trials designed

to evaluate vascular occlusive events. However, no evidence

of publication biaswas found in the funnel plots (eFigure 2 in

the Supplement). One-way sensitivity analysis confirmed the

robustness of the results.

DoNew-Generation BCR-ABL TKIs Induce

Vascular Occlusive Events?

Due to the difference in the selectivity for additional targets,

each TKI has a distinct toxic effect profile.30 Cardiovascular

toxic effects are especiallydifficult to evaluate, sincemanyad-

ditional cardiovascular risk factors are encountered in leuke-

mic patients.6

For imatinib, clinical trials supporting its approval and

several additional clinical studies did not report a safety signal

about vascular occlusive events.8 Moreover, experimental

data suggested that imatinib was able to attenuate diabetes-

induced atherosclerosis in association with a reduction in

putative mediators of this injury, including cytokines, chemo-

kines, and adhesion molecules via inhibition of platelet-

derived growth factor receptor (PDGF-R).31 The inhibitory

profile of imatinib on PDGF-R suggests that this compound is

more potent than new-generation TKIs in this context.32 In

addition, imatinib was found to improve the fasting blood

glucose level in diabetic patients with CML, explaining a pos-

sible protective effect of imatinib on the formation of athero-

sclerotic plaque and the related cardiovascular diseases.32,33

Regarding dasatinib, the major cardiovascular risk

reported concerned the risk of bleeding, and additional clini-

cal trials have reported a low frequency of cerebrovascular

accident, transient ischemic attack, and thrombophlebitis.9

Our meta-analysis reveals that the risk is also well identified

with this TKI. However, the results are mainly driven by the

DASISION trial (NCT00481247) (Figure, A; eFigure 3 in the

Supplement). Several studies also reported pulmonary

hypertension34-36 or pleural effusion16,37-39 that appeared to

be linked to the dose administered.39,40

Arterial vascular occlusive events were reported in pa-

tients receiving nilotinib in both randomized clinical trials

and in postmarketing reports.3,4 In the ENESTnd trial

(NCT00471497),with amedian timeundergoing therapyof48

months, ischemicheartdiseasewas reported in5.0%and5.8%

of the patients in the nilotinib arms (twice-daily doses of 300

and 400 mg, respectively) vs 1.8% in the imatinib arm. Simi-
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larly, in the nilotinib arms, peripheral arterial occlusive dis-

easewas found tooccurmore frequently than in imatinib arms

(1.8% and 2.2% for twice-daily nilotinib doses of 300 mg and

400 mg, respectively, and 0.0% in the imatinib arm), as were

ischemic cerebrovascular events (1.1% and 1.8% for twice-

daily nilotinib doses of 300mg and 400mg, respectively, and

0.7%inthe imatinibarm).3 In thismeta-analysis, thesignalcon-

cerning cardiovascular events related to nilotinib is con-

firmed. Itwas reported thatnilotinib-treatedpatientsmightde-

velop increased fasting glucose levels aswell as anelevationof

cholesterol level consistentwith the increased risk of develop-

ing vascular occlusive events.5,18,41 As for dasatinib, the risk

seems to be correlated with the dose administered.42

Comparedwith other second- and third-generation TKIs,

bosutinib does not show an increase in the risk of cardiovas-

cular events.However, only theBELA trial22 is included in this

analysis, and the lack of power in that study possibly masks

the harmful effect of bosutinib on cardiovascular outcomes

(only 248 and 251 patients in the bosutinib and the imatinib

arms, respectively,were included).However, even in this small

cohort, 3 patients treated with bosutinib experienced vascu-

lar adverseeffects comparedwith 1patient in the imatinibarm.

A retrospective analysis was performed including 2 trials (a

phase 1/2 trial and the BELA trial) on the long-term evalua-

tion of vascular toxic effects.43 Most of these vascular ad-

verseevents involvedarterialhypertension.Nevertheless,pleu-

ral effusion and other vascular adverse events have been

reported that call into question the vascular safety profile of

bosutinib43,44 and suggest the need of further investigations.

Vascular occlusive events occurredmore frequently with

ponatinib thanwithpreviouslyapprovedTKIs. Indeed, inphase

1 andphase 2 trials, arterial andvenous thrombosis havebeen

reported in27%ofpatients receivingponatinib.2Theseevents

occurred in clinical trials in patients with or without cardio-

vascular risk factors at any age.2 Importantly, the rate of these

eventswascontinually increasingduring the follow-upat 1 and

2years. A recent retrospective study45 found that vascular oc-

clusive events were related to the dose of ponatinib adminis-

tered: each 15-mg decrease in ponatinib dose was associated

witha33%reduction in riskofarterial thromboticevents.How-

ever, the significance of the ponatinib role is difficult to inter-

pret owing to the high number of preexisting cardiovascular

risk factors, particularly in patients with advanced leukemia

who did not respond or could not tolerate previous treat-

ments. Interestingly, in a phase 2 trial, arterial hypertension

has been reported as a treatment-related adverse event.46

Recommendations About the Use of TKIs in Leukemia

and Perspectives for a Safe Use of These Compounds

Overall, new-generation TKIs appear to have a better efficacy

in termsofmolecular response, inducinganearlier anddeeper

response than imatinib,16,18,22butwithout improving theover-

all survival at 1 year.However, the overall survival reported in

thismeta-analysiswas assessed after 1 year of treatment (or 2

years for the ENESTcmr trial19), showing a high rate of sur-

vival. Fornilotinib, the5-year follow-upof theENESTnd trial47

revealed an improvement in overall survival compared with

imatinib. Such long-term follow-up is not yet available for da-

satinib, and further data are required before any conclusions

can be drawn on its overall benefit in CML.

Inchoosingatherapy, thephysicianshouldconsider thepa-

tient’s characteristics, the safetyprofiles of thedifferentTKIs,

and thegoals of the treatment. For elderlypatients, improving

survival is thepredominantobjective, and imatinib remainsan

excellent choice.48Patientswitha life expectancygreater than

10 yearswant to achieve a deepmolecular response to poten-

tially reachapointof treatmentcessation.48 In this context,da-

satinib andnilotinib seemmoreappropriate.48The findingsof

ourmeta-analysis suggest that theuseofdasatinibandnilotinib

as first-line treatments requires a screening for potential risk

factors (eg, bloodglucose level for diabetes assessment before

nilotinib use) and an evaluation of the benefit-risk balance,

especially for patients with CML in the chronic phase.

Choiceof second-and third-line treatment isbasedonmu-

tational analysis, adverse events, and themedical conditionof

the patient. In cases of intolerance or resistance, it is recom-

mended to switch to one of the other TKIs approved for first-

line therapy.49 If treatment failure occurs, a more potent TKI

ispreferred. In this setting,ponatinib, and toa lesser extentbo-

sutinib, should be considered as potential treatment.49 If the

patient has the T315I mutation, ponatinib is clearly the ratio-

nal choice because it is reserved for patientswith serious con-

ditions andmust be avoided in patients with good prognosis,

such as patients with CML in chronic phase without the T315I

mutation.49

Regarding nilotinib, the risk of vascular occlusive events

is likely to bedose related.42However, the currently available

dataonthedose-efficacyanddose-toxicity relationshiparenot

sufficient to make a formal recommendation on dose reduc-

tion, and there is a risk that lower doses might have reduced

efficacy. Safety and efficacy data concerning dose reduction

following major cytogenetic response have been included in

theEuropeanUnion’s Summaryof ProductCharacteristics for

ponatinib (Iclusig; Ariad Pharmaceuticals Inc).50 This pro-

vides information to the prescriber to facilitate an individual

assessment of the benefit-risk balance of ponatinib with re-

gard to dose reduction. If a reduceddose of ponatinib is used,

physicians shouldmonitor patients formaintenance of thera-

peutic response. Furthermore, at the time of this writing, a

dose-ranging study in patients with chronic phase CML is re-

cruiting to determine the optimal starting dose of ponatinib

and characterize the safety and efficacy of ponatinib follow-

ing dose reduction after achieving major cytogenetic

response (OPTIC trial: NCT02467270).

Suchrisk-minimizationmeasureshavenotyetbeen imple-

mentedwith the other TKIs of interest (ie, dasatinib and nilo-

tinib) forwhich the risk of vascular occlusive events is clearly

identified. Thus, the marketing authorization holders of all

other BCR-ABL TKIs should perform a dose-ranging study to

find thedose regimen thatwill confer thebestbenefit-riskpro-

file. The monitoring of such treatment is of utmost impor-

tance toensure a sufficient responsewith the lowestdosepos-

sible. Furthermore, the prospective collection of data on the

riskofvascularocclusiveevents, theadequatecollectionofdata

in randomized clinical trials, and the implementation of

specific registries are mandatory.
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The implementation of a prophylactic antithrombotic

therapy (eg, antiplateletand/oranticoagulant therapy) forhigh-

riskpatients requires further investigation to clearlydetermine

their benefits inpatientswithCML treatedwithdasatinib, nilo-

tinib,orponatinib.26Useofadditional comedicationsaiming to

treat comorbidities (eg, diabetes, dyslipidemia) should also be

investigated.29Otherwise, reductionofnew-generationTKIex-

posure timemay also be an acceptable risk-minimization strat-

egy. For this purpose, discontinuation of TKI therapy after in-

ductionofadeepandstablemolecular response(at least2years)

could be an alternative and is currently being analyzed for sec-

ond-generation TKIs in clinical trials (eg, NCT01744665,

NCT01698905, and NCT01784068).51,52 Another strategy pro-

poses theuseof second-generationTKIs to induceastablecom-

pletemolecular response followedbyaswitch toa less toxicTKI

(ie, imatinib).29Finally, the upcomingmarketing of imatinib as

a generic drug will renew the discussion of cost as a factor in

treatment choice.

Conclusions

Thismeta-analysis demonstrates a significant increase in the

rateof vascular occlusive events associatedwith theuseofda-

satinib,nilotinib, andponatinibcomparedwith imatinib.How-

ever, even if no statistical significance was found for bosu-

tinib, a trend was also found. Treatment with dasatinib,

nilotinib,andponatinibshouldbeassociatedwith frequentcar-

diovascular monitoring and an intensive support of comor-

bidities. Ponatinib should be reserved for patients with ad-

vanced disease, with the T315I mutation, or for whom other

treatments cannot be used. Further dose-ranging studies are

required todefine thedose regimenof eachBCR-ABLTKI that

will provide the best benefit-risk profile. Finally, monitoring

the response at the individual level is of utmost importance

to reduce the riskof vascular occlusive eventswhilemaintain-

ing the MMR benefit.
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eMethods 1 : Search st ra tegy 
 

A.  bosut in ib 
 
•  Database: PubMed: 1 9 4 6  to Septem ber 1 2 th 2 0 1 4  ( 5 )  update October 2 1 th 2 0 1 4  
 
1. bosut inib [ Tit le]  (60)  
э search details :  
Bosut inib [ Tit le]  
2. SKI -606 [ Tit le]  (17)  
э search details :   
SKI -606 [ Tit le]  
3. SKI 606 [ Tit le]  (1)  
4. ( (# 1)  OR # 2)  OR # 3)  (70)  
э search details :  
( (bosut inib[ Tit le] )  OR SKI -606[ Tit le] )  OR SKI 606[ Tit le]  
5. (# 4)  [ and]  " random ized cont rolled t r ial"  (5)  
э search details :  
(# 4)  AND "random ized cont rolled t r ial" [ All Fields]  
6. (# 4)  [ and]  " random ized t r ial"  (0)  
э search details :  
(# 4)  AND "random ized t r ial" [ All Fields]  
7. (# 4)  AND "random ized clinical t r ial"  (0)  
э search details :  
(# 4)  AND "randomized clinical t r ial" [ All Fields]  
8. (# 4)  [ and]  " random ised cont rolled t r ial"  (0)  
э search details :  
(# 4)  AND "random ized cont rolled t r ial" [ All Fields]  
9. (# 4)  [ and]  " random ised t r ial"  (0)  
э search details :  
(# 4)  AND "random ized t r ial" [ All Fields]  
10. (# 4)  AND "random ised clinical t r ial"  (0)  
э search details :  
(# 4)  AND "randomized clinical t r ial" [ All Fields]  
11. ( ( ( ( (# 5)  OR # 6)  OR # 7)  OR # 8)  OR # 9)  OR # 10 (5)  
э search details :  
( ( ( ( (# 5)  OR # 6)  OR # 7)  OR # 8)  OR # 9)  OR # 10 
  
•  Database: Scopus: 1 9 4 6  to Septem ber 1 2 th 2 0 1 4  ( 1 4 )  update October  2 1 th 2 0 1 4  
 
1. TI TLE (bosut inib)  (73)  
2. TI TLE (SKI -606)  (18)  
3. TI TLE (SKI 606)  (1)  
4. (  TI TLE (  bosut inib )  )   OR  (  TI TLE (  ski-606 )  )   OR  (  TI TLE (  ski606 )  )  (83)  
5. (  TI TLE (  ski606 )   OR  TI TLE (  ski-606 )   OR  TI TLE (  bosut inib )   AND  ALL (  " random ized 
cont rolled t r ial"  )  )  (11)  
6. (  TI TLE (  ski606 )   OR  TI TLE (  ski-606 )   OR  TI TLE (  bosut inib )   AND  ALL (  " random ized 
t r ial"  )  )  (3)  
7. (  TI TLE (  ski606 )   OR  TI TLE (  ski-606 )   OR  TI TLE (  bosut inib )   AND  ALL (  " random ized 
clinical t r ial"  )  )  (1)  
8. (  TI TLE (  ski606 )   OR  TI TLE (  ski-606 )   OR  TI TLE (  bosut inib )   AND  ALL (  " random ised 
cont rolled t r ial"  )  )  (11)  
9. (  TI TLE (  ski606 )   OR  TI TLE (  ski-606 )   OR  TI TLE (  bosut inib )   AND  ALL (  " random ised 
t r ial"  )  )  (3)  
10. (  TI TLE (  ski606 )   OR  TI TLE (  ski-606 )   OR  TI TLE (  bosut inib )   AND  ALL (  " random ised 
clinical t r ial"  )  )  (1)  
11. # 10 OR # 9 OR # 8 OR # 7 OR # 6 OR # 5 
(  (  TI TLE (  ski606 )   OR  TI TLE (  ski-606 )   OR  TI TLE (  bosut inib )   AND  ALL (  " random ised clinical 
t r ial"  )  )  )   OR  (  (  TI TLE (  ski606 )   OR  TI TLE (  ski-606 )   OR  TI TLE (  bosut inib )   AND  ALL (  
" random ised t r ial"  )  )  )   OR  (  (  TI TLE (  ski606 )   OR  TI TLE (  ski-606 )   OR  TI TLE (  bosut inib )   
AND  ALL (  " random ised cont rolled t r ial"  )  )  )   OR  (  (  TI TLE (  ski606 )   OR  TI TLE (  ski-606 )   OR  
TI TLE (  bosut inib )   AND  ALL (  "random ized clinical t r ial"  )  )  )   OR  (  (  TI TLE (  ski606 )   OR  TI TLE (  



	 ͵

ski-606 )   OR  TI TLE (  bosut inib )   AND  ALL (  " random ized t r ial"  )  )  )   OR  (  (  TI TLE (  ski606 )   OR  
TI TLE (  ski-606 )   OR  TI TLE (  bosut inib )   AND  ALL (  " random ized cont rolled t r ial"  )  )  )  (14)  
  
•  Database: The Cochrane Library ( a ll Cochra ne product )  : From  1 9 7 2  to Septem ber 
1 2 th 2 0 1 4  ( 8 )  update October  2 1 th 2 0 1 4  
 
1. bosut inib (17)  
2. SKI -606 (8)  
3. SKI 606 (0)  
4. # 1 or # 2 or # 3 (17)  
5. # 4 and « random ized cont rolled t r ial » (8)  
6. # 4 and « random ized t r ials » (0)  
7. # 4 and « random ized clinical t r ial » (0)  
8. # 4 and « random ised cont rolled t r ials » (8)  
9. # 4 and « random ised t r ial »  (0)  
10. # 4 and « random ised clinical t r ials » (0)  
11. # 5 or # 6 or # 7 or # 8 or # 9 or # 10 (8)  
 
Then only « Trials » results were included in the meta-analysis (8)  

 
B.  dasat in ib 
 

•  Database: PubMed : 1 9 4 6  to Septem ber,  1 5 th 2 0 1 4  ( 2 3 )  update October 2 1 th 
2 0 1 4  
 
1. Dasat inib [ t it le]  (680)  
э search details :  
Dasat inib[ t it le]  
2. BMS-354825 [ t it le]  (26)  
э search details :  
BMS-354825[ t it le]  
3. BMS354825 [ t it le]  (1)  
э Search details :  
BMS354825[ t it le]  
4. ( (# 1)  OR # 2)  OR # 3 (686)  
э search details :  
( (# 1)  OR # 2)  OR # 3)   
5. (# 4)  [ and]  " random ized cont rolled t r ial"  (19)  
э search details :  
(# 4)  AND "random ized cont rolled t r ial" [ All Fields]  
6. (# 4)  [ and]  " random ized t r ial"  (4)  
э search details :  
(# 4)  AND "random ized t r ial" [ All Fields]  
7. (# 4)  AND "random ized clinical t r ial"  (0)  
э search details :  
(# 4)  AND "randomized clinical t r ial" [ All Fields]  
8. (# 4)  [ and]  " random ised cont rolled t r ial"  (1)  
э search details :  
(# 4)  AND "random ized cont rolled t r ial" [ All Fields]  
9. (# 4)  [ and]  " random ised t r ial"  (0)  
э search details :  
(# 4)  AND "random ized t r ial" [ All Fields]  
10. (# 4)  AND "random ised clinical t r ial"  (1)  
э search details :  
(# 4)  AND "randomized clinical t r ial" [ All Fields]  
11. ( ( ( ( (# 5)  OR # 6)  OR # 7)  OR # 8)  OR # 9)  OR # 10 (23)  
э search details :  
( ( ( ( (# 5)  OR # 6)  OR # 7)  OR # 8)  OR # 9)  OR # 10 
  
•  Database: Scopus : 1 9 4 6  to Septem ber 1 5 th 2 0 1 4  ( 7 1 )  update October  2 1 th 2 0 1 4  
  
1. TI TLE(dasat inib)  (762)  



	 Ͷ

2. TI TLE(BMS-354825)  (28)  
3. TI TLE(BMS354825)  (2)  
4. (TI TLE(dasat inib) )  OR (TI TLE(BMS-354825)  OR (TI TLE(BMS354825) )  (770)  
5. (  TI TLE (  bm s354825 )   OR  TI TLE (  bm s-354825 )   OR  TI TLE (  dasat inib )   AND  ALL (  
" random ized clinical t r ial"  )  )  (4)  
6. (  TI TLE (  bm s354825 )   OR  TI TLE (  bm s-354825 )   OR  TI TLE (  dasat inib )   AND  ALL (  
" random ized t r ial"  )  )  (32)  
7. (  TI TLE (  bm s354825 )   OR  TI TLE (  bm s-354825 )   OR  TI TLE (  dasat inib )   AND  ALL (  
" random ized cont rolled t r ial"  )  )  (49)  
8. (  TI TLE (  bm s354825 )   OR  TI TLE (  bm s-354825 )   OR  TI TLE (  dasat inib )   AND  ALL (  
" random ised clinical t r ial"  )  )  (4)  
9. (  TI TLE (  bm s354825 )   OR  TI TLE (  bm s-354825 )   OR  TI TLE (  dasat inib )   AND  ALL (  
" random ised t r ial"  )  )  (32)  
10. (  TI TLE (  bm s354825 )   OR  TI TLE (  bm s-354825 )   OR  TI TLE (  dasat inib )   AND  ALL (  
" random ised cont rolled t r ial"  )  )  (49)  
11.  (  (  TI TLE (  bms354825 )   OR  TI TLE (  bms-354825 )   OR  TI TLE (  dasat inib )   AND  ALL (  
" random ized clinical t r ial"  )  )  )   OR  (  (  TI TLE (  bms354825 )   OR  TI TLE (  bms-354825 )   OR  TI TLE 
(  dasat inib )   AND  ALL (  " random ized cont rolled t r ial"  )  )  )   OR  (  (  TI TLE (  bms354825 )   OR  
TI TLE (  bm s-354825 )   OR  TI TLE (  dasat inib )   AND  ALL (  " random ized t r ial"  )  )  )   OR  (  (  TI TLE (  
bms354825 )   OR  TI TLE (  bms-354825 )   OR  TI TLE (  dasat inib )   AND  ALL (  " random ised t r ial"  )  )  
)   OR  (  (  TI TLE (  bm s354825 )   OR  TI TLE (  bm s-354825 )   OR  TI TLE (  dasat inib )   AND  ALL (  
" random ised cont rolled t r ial"  )  )  )   OR  (  (  TI TLE (  bms354825 )   OR  TI TLE (  bms-354825 )   OR  
TI TLE (  dasat inib )   AND  ALL (  " random ised clinical t r ial"  )  )  )  (71)  
 
  
•  Database : The Cochrane Library ( a ll Cochrane produ ct )  : From  1 9 7 2  to            
2 0 1 4  ( 3 4 )  update October  2 1 th 2 0 1 4  
 
1. dasat inib (108)  
2. BMS-354825 (1)  
3. BMS354825 (0)  
4. # 1 or # 2 or # 3 (108)  
5. # 4 and « random ized cont rolled t r ial » (33)  
6. # 4 and « random ised cont rolled t r ials » (1)  
7. # 4 and « random ized clinical t r ial » (1)  
8. # 4 and « random ised clinical t r ials » (0)  
9. # 4 and « random ized t r ial »  (3)  
10. # 4 and « random ised t r ials » (0)  
11. # 5 or # 6 or # 7 or # 8 or # 9 or # 10 (35)  
 
Then only « Trials » results were included in the meta-analysis (34)  
 

C. nilot in ib  
 
•  Database: PubMed : 1 9 4 6  to Septem ber 1 2 th 2 0 1 4  ( 1 7 )  update October 2 1 th 2 0 1 4  
 
1. nilot inib [ Tit le]  (408)  
э search details :  
Nilot inib [ Tit le]  
2. AMN107 [ Tit le]  (33)  
э search details :   
AMN107 [ Tit le]  
3. ( (# 1)  OR # 2)  (425)  
э search details :  
(Nilot inib[ Tit le] )  OR AMN107[ Tit le]  
4. (# 3)  [ and]  " random ized cont rolled t r ial"  (15)  
э search details :  
(# 3)  AND "random ized cont rolled t r ial" [ All Fields]  
5. (# 3)  [ and]  " random ized t r ial"  (1)  
э search details :  
(# 3)  AND "random ized t r ial" [ All Fields]  
6. (# 3)  AND "random ized clinical t r ial"  (0)  
э search details :  



	 ͷ

(# 3)  AND "randomized clinical t r ial" [ All Fields]  
7. (# 3)  [ and]  " random ised cont rolled t r ial"  (1)  
э search details :  
(# 3)  AND "random ized cont rolled t r ial" [ All Fields]  
8. (# 3)  [ and]  " random ised t r ial"  (0)  
э search details :  
(# 3)  AND "random ized t r ial" [ All Fields]  
9. (# 3)  AND "random ised clinical t r ial"  (1)  
э search details :  
(# 3)  AND "randomized clinical t r ial" [ All Fields]  
10. ( ( ( ( (# 4)  OR # 5)  OR # 6)  OR # 7)  OR # 8)  OR # 9 (17)  
э search details :  
( ( ( ( (# 4)  OR # 5)  OR # 6)  OR # 7)  OR # 8)  OR # 9 
  
•  Database: Scopus : 1 9 4 6  to Septem ber 1 2 th 2 0 1 4  ( 6 0 )  update October  2 1 th 2 0 1 4  
 
1. TI TLE (nilot inib)  (472)  
2. TI TLE(AMN107)  (37)  
3. (  TI TLE (  nilot inib )  )   OR  (  TI TLE (  am n107 )  )  (492)  
4. (  TI TLE (  am n107 )   OR  TI TLE (  nilot inib )   AND  ALL (  " random ized cont rolled t r ial"  )  )  
(50)  
5. (  TI TLE (  am n107 )   OR  TI TLE (  nilot inib )   AND  ALL (  " random ized t r ial"  )  )  (22)  
6. (  TI TLE (  am n107 )   OR  TI TLE (  nilot inib )   AND  ALL (  " random ized clinical t r ial"  )  )  (1)  
7. (  TI TLE (  am n107 )   OR  TI TLE (  nilot inib )   AND  ALL (  " random ised cont rolled t r ial"  )  )   
(50)  
8. (  TI TLE (  am n107 )   OR  TI TLE (  nilot inib )   AND  ALL (  " random ised t r ial"  )  )  (22)  
9. (  TI TLE (  am n107 )   OR  TI TLE (  nilot inib )   AND  ALL (  " random ised clinical t r ial"  )  )  (1)  
10. # 9 OR # 8 OR # 7 OR # 6 OR # 5 OR # 4 
(  (  TI TLE (  amn107 )   OR  TI TLE (  nilot inib )   AND  ALL (  " random ised clinical t r ial"  )  )  )   OR  (  (  
TI TLE (  am n107 )   OR  TI TLE (  nilot inib )   AND  ALL (  " random ised t r ial"  )  )  )   OR  (  (  TI TLE (  
amn107 )   OR  TI TLE (  nilot inib )   AND  ALL (  " random ised cont rolled t r ial"  )  )  )   OR  (  (  TITLE (  
amn107 )   OR  TI TLE (  nilot inib )   AND  ALL (  " random ized clinical t r ial"  )  )  )   OR  (  (  TI TLE (  
am n107 )   OR  TI TLE (  nilot inib )   AND  ALL (  " random ized t r ial"  )  )  )   OR  (  (  TI TLE (  am n107 )   OR  
TI TLE (  nilot inib )   AND  ALL (  " random ized cont rolled t r ial"  )  )  )  (60)  
 
  
•  Database: The Cochrane Library ( a ll Cochra ne product )  : From  1 9 7 2  to Septem ber 
1 2 th 2 0 1 4  ( 5 0 )  update October 2 1 th 2 0 1 4  
 
1. nilot inib (68)  
2. AMN107 (2)  
3. # 1 or # 2 (70)  
4. # 3 and « random ized cont rolled t r ial » (68)  
5. # 3 and « random ized t r ials » (68)  
6. # 3 and « random ized clinical t r ial » (68)  
7. # 3 and « random ised cont rolled t r ials » (68)  
8. # 3 and « random ised t r ial »  (68)  
9. # 3 and « random ised clinical t r ials » (68)  
10. # 4 or # 5 or # 6 or # 7 or # 8 or # 9 (68)  
 
Then only « Trials » results were included in the meta-analysis (50)  
 

D. ponat inib 
 
•  Database: PubMed : 1 9 4 6  to Septem ber 1 2 th 2 0 1 4  ( 1 )  –  update October 2 1 th 
2 0 1 4  
 
1. ponat inib [ Tit le]  (69)  
э search details :  
Ponat inib [ Tit le]  
2. AP24534 [ Tit le]  (8)  
э search details :   
AP24534[ Tit le]  
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3. ( (# 1)  OR # 2)  (71)  
э search details :  
Ponat inib[ Tit le]  OR AP24534[ Tit le]  
4. (# 3)  [ and]  " random ized cont rolled t r ial"  (1)  
э search details :  
(# 3)  AND "random ized cont rolled t r ial" [ All Fields]  
5. (# 3)  [ and]  " random ized t r ial"  (0)  
э search details :  
(# 3)  AND "random ized t r ial" [ All Fields]  
6. (# 3)  AND "random ized clinical t r ial"  (0)  
э search details :  
(# 3)  AND "randomized clinical t r ial" [ All Fields]  
7. (# 3)  [ and]  " random ised cont rolled t r ial"  (0)  
э search details :  
(# 3)  AND "random ized cont rolled t r ial" [ All Fields]  
8. (# 3)  [ and]  " random ised t r ial"  (0)  
э search details :  
(# 3)  AND "random ized t r ial" [ All Fields]  
9. (# 3)  AND "random ised clinical t r ial"  (0)  
э search details :  
(# 3)  AND "randomized clinical t r ial" [ All Fields]  
10. ( ( ( ( (# 4)  OR # 5)  OR # 6)  OR # 7)  OR # 8)  OR # 9 (1)  
э search details :  
( ( ( ( (# 4)  OR # 5)  OR # 6)  OR # 7)  OR # 8)  OR # 9 
  
•  Database: Scopus : 1 9 4 6  to Septem ber 1 2 th 2 0 1 4  ( 3 )  update October 2 1 th 2 0 1 4  
 
1. TI TLE (ponat inib)  (87)  
2. TI TLE(AP24534)  (9)  
3. (  TI TLE (  AP24534 )   OR  TI TLE (  ponat inib )  )  (90)  
4. (  TI TLE (  ap24534 )   OR  TI TLE (  ponat inib )   AND  ALL (  " random ized clinical t r ial"  )  )  (0)  
5. (  TI TLE (  ap24534 )   OR  TI TLE (  ponat inib )   AND  ALL (  " random ized t r ial" )  )  (1)  
6. (  TI TLE (  ap24534 )   OR  TI TLE (  ponat inib )   AND  ALL (  " random ized clinical t r ial"  )  )  (0)  
7. (  TI TLE (  ap24534 )   OR  TI TLE (  ponat inib )   AND  ALL (  " random ised cont rolled t r ial"  )  )  
(2)  
8. (  TI TLE (  ap24534 )   OR  TI TLE (  ponat inib )   AND  ALL (  " random ised t r ial"  )  )  (1)  
9. (  TI TLE (  ap24534 )   OR  TI TLE (  ponat inib )   AND  ALL (  " random ised clinical t r ial"  )  )  (0)  
10. # 9 OR # 8 OR # 7 OR # 6 OR # 5 OR # 4 
(  (  TI TLE (  ap24534 )   OR  TI TLE (  ponat inib )   AND  ALL (  " random ised clinical t r ial"  )  )  )   OR  (  (  
TI TLE (  ap24534 )   OR  TI TLE (  ponat inib )   AND  ALL (  " random ised t r ial"  )  )  )   OR  (  (  TI TLE (  
ap24534 )   OR  TI TLE (  ponat inib )   AND  ALL (  " random ised cont rolled t r ial"  )  )  )   OR  (  (  TITLE (  
ap24534 )   OR  TI TLE (  ponat inib )   AND  ALL (  " random ized clinical t r ial"  )  )  )   OR  (  (  TI TLE (  
ap24534 )   OR  TI TLE (  ponat inib )   AND  ALL (  " random ized t r ial"  )  )  )   OR  (  (  TI TLE (  ap24534 )   
OR  TI TLE (  ponat inib )   AND  ALL (  " random ized clinical t r ial"  )  )  )  (3)  
 
  
•  Database: The Cochrane Library ( a ll Cochrane produc t )  : From  1 9 7 2  to Septem ber 
1 2 th 2 0 1 4  ( 3 )  update October  2 1 th 2 0 1 4  
 
1. ponat inib (6)  
2. AP24534 (1)  
3. # 1 or # 2 (6)  
4. # 3 and « random ized cont rolled t r ial » (6)  
5. # 3 and « random ized t r ials » (6)  
6. # 3 and « random ized clinical t r ial » (6)  
7. # 3 and « random ised cont rolled t r ials » (6)  
8. # 3 and « random ised t r ial »  (6)  
9. # 3 and « random ised clinical t r ials » (6)  
10. # 4 or # 5 or # 6 or # 7 or # 8 or # 9 (6)  
 
Then only « Trials » results were included in the meta-analysis (3)  
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eMethods 2 : list  of vascular  occlusive adverse even ts  
 
Acute myocardial infarct ion 
Angina pectoris 
Angina unstable 
Aort ic stenosis 
Arter ial occlusive disease 
Arterial stenosis lim b 
Arter iosclerosis 
Arter iosclerosis coronary artery 
At r ial throm bosis 
Basilar artery stenosis 
Cardiac arrest  
Cardiac discom fort  
Cardiac infarct ion 
Cardiac ischaem ia 
Cardiogenic shock 
Cardio- respiratory arrest  
Cent ral nervous system  lesion 
Cerebral infarct ion 
Cerebrovascular accident  
Cerebrovascular disorder 
Chest  pain 
Coronary artery disease 
Coronary artery restenosis 
Coronary artery stenosis 
Deep vein throm bosis 
Dysarthr ia 
Elect rocardiogram  ST-segm ent  depression 
Femoral arter ial stenosis 
Hypoxic- ischem ic encephalopathy 
I liac artery stenosis 
I nterm it tent  claudicat ion 
I schaem ic heart  disease 
I schaem ic st roke 
Mesenteric artery em bolism  
Myocardial infarct ion 
Myocardial ischaem ia 
Peripheral arter ial occlusive disease 
Peripheral artery disease 
Peripheral artery throm bosis 
Peripheral vascular disorder 
Phlebit is 
Pulm onary embolism  
Ret inal vein throm bosis 
Throm bophlebit is 
Throm bosis in device 
Transient  ischaem ic at tack 
Varicose vein 
Vascular graft  occlusion 
Vena cava throm bosis  
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eFigure 1 : Flow  diagram  of study select ion accordin g to PRI SMA ( prefer red 
repor t ing item s for  system at ic revi ew s and m eta-analysis)  sta tem ent . 
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eTable 1 : Character ist ics of included clinica l t r ia ls and qua lit y assessm ent  
 
Study	ID	 Study	

design	
Experimenta

l	Dosage	
Admin	
frequency	

Control

Dosage	
Admin	
frequency	

No

.	of	
pt

s	

Populati

on	
Age	(mean	
±	SD)	

%	
male	

Primary	
endpoint	

Secondary	
endpoint(s)	

Jada

d	
scor

e	
BELA	
NCT005748

73	

Randomized	OpenǦlabel	
bosutinib	ͷͲͲmg		once	daily	 imatinib	ͶͲͲmg	once	daily	 ͷͲʹ	 CP	CML	newly	diagnosed	

Ͷ͸Ǥͷ͵	 ά ͳͶǤ͸ʹ	 ͷ͸ CCyR	at	ͳʹ	months	 MMRǡ	MCyRǡ	C(R	at	ͳʹ	months	Safety	Duration	of	response	Pharmacokinetics	Time	to	transformation	to	APȀBP	

ʹ

NCT000704

99	
Randomized	OpenǦlabel	

dasatinib	ͳͲͲmg	once	daily	 imatinib	ͶͲͲ	or	ͺͲͲmg	 ͵ͻͳ	 CP	CML	untreated	 ͷͲ	 ͸ͳǤͶͲ	 MMR	rate	at	ͳʹ	months	 (R	ʹǦyear	OS	ʹǦyear	relapseǦfree	survival	Toxicity	
ʹ	

STARTǦR	
NCT001038

44	

Randomized	OpenǦlabel	
dasatinib	͹Ͳmg	twice	daily	 imatinib	ͶͲͲmg	twice	daily	 ͳͷͲ	 CP	CML		previously	treated	with	imatinib	

ͷͳ	 ά ͳ͵Ǥ͸ ͷͲ MCyR	at	ͳʹ	weeks	 MCyR	at	any	time	Duration	of	MCyR	C(Rǡ	CCyRǡ	MMR	Duration	of	C(R	AEsǡ	SAEsǡ	deaths	QoLǡ	PK	

ʹ

NCT003201

90	
Randomized	OpenǦlabel	

dasatinib	ͳͲͲmg	 imatinib	ͺͲͲmg	 ͵ʹ	 CML	previously	treated	with	imatinib	
ͶͺǤ͸		ά	ͳͶǤͺͷ	 ͹ͳǤͻͲ	 MMR	rate	at	ͳʹ	months	 Deathsǡ	AEsǡ	SAEs	Median	time	to	treatment	failureǡ	to	PFS	Time	to	MMR	CCyR	Safety	

ʹ	

DASISION	
NCT004812

47	

Randomized	OpenǦlabel	
dasatinib	ͳͲͲmg	once	daily	 imatinib	ͶͲͲmg	once	daily	 ͷͳͻ	 CP	CMLnewly	diagnosed	

Ͷ͸Ǥ͹	 ά ͳͶǤʹ ͷͻǤͶͲ CCyR	rate	by		ͳʹ	months	 Time	to	CCyR	and	MMR	OS	PFS	MMR		
͵

NordCML00

6	
NCT008525

66	

Randomized	OpenǦlabel	
dasatinib	ͳͲͲmg	once	daily	 imatinib	ͶͲͲmg	once	daily	 Ͷ͸ CP	CML	newly	diagnosed	

dasatinibǣ	ͷͶ	imatinibǣ	͸Ͳ	
Ͷͺ Proportion	of	PhΪ	CD͵ͶΪȀCD͵ͺǦ	bone	marrow	cells	at	͸	months	

Fraction	of	PhΪ	cells	at	ͳ	and	͵	months	Molecular	and	cytogenetic	responses	at	͵ǡ	͸ǡ	ͳʹ	and	ͳͺ	months	

͵

ENESTnd	
NCT004714

97	
	

Randomized	OpenǦlabel	
nilotinib	͵ͲͲmg	twice	daily	nilotinib	ͶͲͲmg	twice	daily	

imatinib	ͶͲͲmg	once	daily	 ͺͶ͸	 CP CML 		newly	diagnosed	
nilotinib	͵ͲͲmgǣ	Ͷ͹	nilotinib	ͶͲͲmgǣ	Ͷ͹	)matinib	ǣ	Ͷ͸	

ͷͺ Rate	of	MMR	at	ͳʹ	months	 Rate	of	durable	MMR	by	ʹͶ	months	Progression	to	APȀBP	CCyR	Rate	reduction	in	BCRǦABL	transcript	levels	

͵

ENESTcmr	
NCT007608

77	

Randomized	OpenǦlabel	
nilotinib	ͶͲͲmg	twice	daily	 imatinib	ͶͲͲ	or	͸ͲͲmg	once	daily	 ʹͲ͹	 CP	CML	previously	treated	with	imatinib	

nilotinibǣ	Ͷ͸	imatinibǣ	ͷʹ	
nilotinibǣ	͸ͺimatinibǣ	͸͵	

Rate	of		confirmed	best	cumulative	CMR	within	the	ͳst	year	
Kinetics	of	CMR	PFSǡ	EFS	and	OS	

ʹ	



	 ͳͲ

REǦNICE	
NCT014000

74	

Randomized	OpenǦlabel	
nilotinib	ͶͲͲmg	twice	daily	 imatinib	ͶͲͲmg	twice	daily	 Ͷ͵ CML	early	CP	previously	treated	

nilotinibǣ	Ͷͷ	imatinibǣ	͵ͷ	
͹ͶǤͶͲ Cumulative	rate	of	MMR	at	ͳʹ	months	

Time	and	duration	of	MMR	and	CMRCumulative	rate	of	CMRǡ	MMR	and	MRͶǤͲ	PFS	Safety	

ͳ

EPIC	
NCT016508

05	

Randomized	OpenǦlabel	
ponatinib	Ͷͷmg	once	daily	 imatinib	ͶͲͲmg	once	daily	 ͵Ͳ͹	 CP	CML		newly	diagnosed		

ͷͳǤͷ		ά	ͳͷǤͶͳ		 ͸ͳǤͷͲ	 MMR	at	ͳʹ	months	 MR	rate	at	͵ǡ͸ǡͻ	and	ͳʹ	months	Time	to	MR	CCyR	rate	Safety	OSǡ	PFS	

ʹ	
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eFigure 2 : Eva luat ion of publicat ions bias  
 

A.  Vascular  occlusive events 
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B.  Overa ll surviva l 
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C. Major m olecular  response 
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eTable 2 :  Rates of outcom es of interest  across the included s tudies st ra t if ied by 
t reatm ent  
	

A. Vascular	occlusive	events	

	
B. Overall	survival	

*  Num ber of events represents the number of pat ients alive after one or two years† of t reatment 

C. Major	molecular	response	
	

  

  

Study	 No.	of	events/total	No.	(%) FixedǦeffect	model RandomǦeffect	modelNew	generation	TK) imatinib ORPETO	ȋͻͷΨC)Ȍ ORPETO	ȋͻͷΨC)Ȍ	NCTͲͲͷ͹Ͷͺ͹͵	ȋBELAȌ	 ͵ȀʹͶͺ	ȋͳǤʹͳȌ	 ͳȀʹͷͳ	ȋͲǤͶͲȌ	 ʹǤ͹͹	ȋͲǤ͵ͻ	Ȃ	ͳͻǤ͹͹Ȍ	 ʹǤ͹͹	ȋͲǤ͵ͻ	Ȃ	ͳͻǤ͹͹Ȍ	
Bosutinib	 3/248	(1.21)	 1/251	(0.40)	 2.77	(0.39	�	19.77)	 2.77	(0.39	�	19.77)	NCTͲͲ͹ͲͶͻͻ	 ͳȀͳʹ͵	ȋͲǤͺͳȌ	 ͲȀͳʹ͵	ȋͲǤͲͲȌ	 ͹Ǥ͵ͻ	ȋͲǤͳͷ	Ȃ	͵͹ʹǤ͵ͺȌ	 ͹Ǥ͵ͻ	ȋͲǤͳͷ	Ȃ	͵͹ʹǤ͵ͺȌ	NCTͲͲͳͲ͵ͺͶͶ	ȋSTARTǦRȌ	 ʹȀͳͲͳ	ȋͳǤͻͺȌ	 ͲȀͶͻ	ȋͲǤͲͲȌ ͶǤͶ͸	ȋͲǤʹ͵	Ȃ ͺ͸ǤͷͳȌ ͶǤͶ͸	ȋͲǤʹ͵	Ȃ	ͺ͸ǤͷͳȌ	NCTͲͲ͵ʹͲͳͻͲ	 ͲȀͳͻ	ȋͲǤͲͲȌ	 ͳȀͳ͵	ȋ͹Ǥ͸ͻȌ ͲǤͲͻ	ȋͲǤͲͲ	Ȃ ͶǤ͸ͳȌ ͲǤͲͻ	ȋͲǤͲͲ	Ȃ	ͶǤ͸ͳȌ	NCTͲͲͶͺͳʹͶ͹		ȋDAS)S)ONȌ	 ͺȀʹͷͺ	ȋ͵ǤͳͲȌ	 ͳȀʹͷͺ	ȋͲǤ͵ͻȌ ͶǤͺ͸	ȋͳǤ͵Ͳ	Ȃ ͳͺǤͳʹȌ ͶǤͺ͸	ȋͳǤ͵Ͳ	Ȃ	ͳͺǤͳʹȌ	NCTͲͲͺͷʹͷ͸͸	ȋNordCMLͲͲ͸Ȍ	 ͳȀʹʹ	ȋͶǤͷͷȌ	 ͲȀʹͶ	ȋͲǤͲͲȌ ͺǤͲͻ	ȋͲǤͳ͸	Ȃ ͶͲͻǤ͵ͶȌ ͺǤͲͻ	ȋͲǤͳ͸	Ȃ	ͶͲͻǤ͵ͶȌ
Dasatinib	 12/523	(2.30)	 2/467	(0.43)	 3.86	(1.33	�	11.18)	 3.86	(1.33	�	11.18)	NCTͲͲͶ͹ͳͶͻ͹	ȋENESTndȌ	 ͸ͳȀͷͷ͸	ȋͳͲǤͻ͹Ȍ	 ͸ȀʹͺͲ	ȋʹǤͳͶȌ	 ͵Ǥ͵ͳ	ȋͳǤͻͷ	Ȃ	ͷǤ͸ͳȌ	 ͵Ǥ͵ͳ	ȋͳǤͻͷ	Ȃ	ͷǤ͸ͳȌ	NCTͲͲ͹͸Ͳͺ͹͹	ȋENESTcmrȌ	 ͸ȀͳͲͳ	ȋͷǤͻͶȌ	 ͳȀͳͲ͵	ȋͲǤͻ͹Ȍ	 ͶǤͶͷ	ȋͲǤͻͻ	Ȃ	ʹͲǤͲʹȌ	 ͶǤͶͷ	ȋͲǤͻͻ	Ȃ	ʹͲǤͲʹȌ	
Nilotinib	 67/657	(10.20)	 7/383	(1.83)	 3.42	(2.07	�	5.63)	 3.42	(2.07	�	5.63)	NCTͲͳ͸ͷͲͺͲͷ	ȋEP)CȌ	 ͳʹȀͳͷͶ	ȋ͹Ǥ͹ͻȌ	 ͵Ȁͳͷʹ	ȋͳǤͻ͹Ȍ ͵ǤͶ͹	ȋͳǤʹ͵	Ȃ ͻǤ͹ͺȌ ͵ǤͶ͹	ȋͳǤʹ͵	Ȃ	ͻǤ͹ͺȌ	
Ponatinib	 12/154	(7.79)	 3/152	(1.97) 3.47	(1.23	� 9.78) 3.47	(1.23	�	9.78)	
Overall	 94/1,582	(5.94)	 13/1,253	(1.04) 3.45	(2.30	� 5.18) 3.45	(2.30	�	5.18)	

Study	 No.	of	events*/total	No.	(%) FixedǦeffect	model RandomǦeffect	model

New	generation	TK)	 imatinib	 ORPETO	ȋͻͷΨC)Ȍ	 ORPETO	ȋͻͷΨC)Ȍ	NCTͲͲͷ͹Ͷͺ͹͵	ȋBELAȌ	 ʹͶͶȀʹͶͺ	ȋͻͺǤ͵ͻȌ	 ʹͶͳȀʹͷͳ	ȋͻ͸ǤͲʹȌ ʹǤ͵ͺ	ȋͲǤͺʹ	Ȃ ͸ǤͺͻȌ ʹǤ͵ͺ	ȋͲǤͺʹ	Ȃ	͸ǤͺͻȌ	
bosutinib	 244/248	(98.39)	 241/251	(96.02) 2.38	(0.82	� 6.89) 2.38	(0.82	�	6.89)NCTͲͲ͹ͲͶͻͻ	 ͳʹʹȀͳʹ͵	ȋͻͻǤͳͻȌ	 ͳʹ͵Ȁͳʹ͵	ȋͳͲͲǤͲͲȌ ͲǤͳͶ	ȋͲǤͲͲ	Ȃ ͸ǤͺʹȌ ͲǤͳͶ	ȋͲǤͲͲ	Ȃ	͸ǤͺʹȌ	NCTͲͲͶͺͳʹͶ͹	ȋDAS)S)ONȌ	 ʹͷͲȀʹͷͺ	ȋͻ͹ǤͲͲȌ	 ʹͷͷȀʹͷͺ	ȋͻͻǤͲͲȌ ͲǤ͵͸	ȋͲǤͳͳ	Ȃ ͳǤʹͶȌ ͲǤ͵͸	ȋͲǤͳͳ	Ȃ	ͳǤʹͶȌ	NCTͲͲͺͷʹͷ͸͸	ȋNordCMLͲͲ͸Ȍ	 ʹʹȀʹʹ	ȋͳͲͲǤͲͲȌ	 ʹ͵ȀʹͶ	ȋͻͷǤͺ͵Ȍ	 ͸ǤͺͲ	ȋͲǤͳ͵	Ȃ	͵Ͷ͵ǤͺͺȌ	 ͸ǤͺͲ	ȋͲǤͳ͵	Ȃ	͵Ͷ͵ǤͺͺȌ	
dasatinib	 394/403	(97.77)	 397/405	(98.03) 0.42	(0.14	� 1.31) 0.46	(0.11	�	2.01)NCTͲͲͶ͹ͳͶͻ͹	ȋENESTndȌ	 ͷͷͻȀͷ͸͵	ȋͻͻǤʹͻȌ	 ʹ͹ͻȀʹͺ͵	ȋͻͺǤͷͻȌ ʹǤͳʹ	ȋͲǤͶͺ	Ȃ ͻǤʹͷȌ ʹǤͳʹ	ȋͲǤͶͺ	Ȃ	ͻǤʹͷȌ	NCTͲͲ͹͸Ͳͺ͹͹	ȋENESTcmrȌȘ	 ͳͲ͵ȀͳͲͶ	ȋͻͻǤͲͶȌ	 ͳͲ͵ȀͳͲ͵	ȋͳͲͲǤͲͲȌ	 ͲǤͳͶ	ȋͲǤͲͲ	Ȃ	͸ǤͺͻȌ	 ͲǤͳͶ	ȋͲǤͲͲ	Ȃ	͸ǤͺͻȌ	
nilotinib	 662/667	(99.25)	 382/386	(98.96) 1.51	(0.38	� 5.99) 1.01	(0.09Ǧ10.96)NCTͲͳ͸ͷͲͺͲͷ	ȋEP)CȌ	 ͳͷͶȀͳͷͷ	ȋͻͻǤ͵ͷȌ	 ͳͷͲȀͳͷʹ	ȋͻͺǤ͸ͺȌ	 ʹǤͲͲ	ȋͲǤʹͳ	Ȃ	ͳͻǤ͵͵Ȍ	 ʹǤͲͲ	ȋͲǤʹͳ	Ȃ	ͳͻǤ͵͵Ȍ	
ponatinib	 154/155	(99.35)	 150/152	(98.68) 2.00	(0.21	� 19.33) 2.00	(0.21	�	19.33)
Overall	 1,454/1,473	(98.71) 1,170/1,194	(97.99) 1.23	(0.67	� 2.23) 1.14	(0.46	�	2.81)

Study	 No.	of	events/total	No.	(%) FixedǦeffect	model RandomǦeffect	modelNew	generation	TK)	 imatinib	 ORPETO	ȋͻͷΨC)Ȍ	 ORPETO	ȋͻͷΨC)Ȍ	NCTͲͲͷ͹Ͷͺ͹͵	ȋBELAȌ	 ͳͲ͵ȀʹͷͲ	ȋͶͳǤͲͲȌ	 ͸ͺȀʹͷʹ	ȋʹ͹ǤͲͲȌ ͳǤͺ͸	ȋͳǤʹͻ	Ȃ ʹǤ͹ͲȌ ͳǤͺ͸	ȋͳǤʹͻ	Ȃ	ʹǤ͹ͲȌ	
bosutinib	 103/250	(41.00)	 68/252	(27.00) 1.86	(1.29	� 2.70) 1.86	(1.29	�	2.70)NCTͲͲ͹ͲͶͻͻ	 ͷͺȀͳʹ͵	ȋͶ͹ǤͳͷȌ	 ͶͲȀͳʹ͵	ȋ͵ʹǤͷʹȌ	 ͳǤͺͶ	ȋͳǤͳͲ	Ȃ	͵ǤͲ͸Ȍ	 ͳǤͺͶ	ȋͳǤͳͲ	Ȃ	͵ǤͲ͸Ȍ	NCTͲͲͳͲ͵ͺͶͶ	ȋSTARTǦRȌ	 ʹͻȀͳͲͳ	ȋʹͺǤ͹ͳȌ	 ͸ȀͶͻ	ȋͳʹǤʹͷȌ ʹǤͷͲ	ȋͳǤͳʹ	Ȃ ͷǤͷͺȌ ʹǤͷͲ	ȋͳǤͳʹ	Ȃ	ͷǤͷͺȌ	NCTͲͲͶͺͳʹͶ͹	ȋDAS)S)ONȌ	 ͳͳͻȀʹͷͻ	ȋͶͷǤͻͷȌ	 ͹͵Ȁʹ͸Ͳ	ȋʹͺǤͲͺȌ	 ʹǤͳͷ	ȋͳǤͷͳ	Ȃ	͵ǤͲ͹Ȍ	 ʹǤͳͷ	ȋͳǤͷͳ	Ȃ	͵ǤͲ͹Ȍ	NCTͲͲͺͷʹͷ͸͸	ȋNordCMLͲͲ͸Ȍ	 ͳͺȀʹʹ	ȋͺͳǤͲͲȌ	 ͳͳȀʹͶ	ȋͶ͸ǤͲͲȌ ͶǤ͵͵	ȋͳǤ͵ʹ	Ȃ ͳͶǤͳ͵Ȍ ͶǤ͵͵	ȋͳǤ͵ʹ	Ȃ	ͳͶǤͳ͵Ȍ
dasatinib	 224/505	(44.36)	 130/456	(28.51) 2.17	(1.66	� 2.83) 2.17	(1.66	�	2.83)NCTͲͳͶͲͲͲ͹Ͷ	ȋREǦN)CEȌ	 ͺȀʹʹ	ȋ͵͸Ǥ͵͸Ȍ	 ͹Ȁʹͳ	ȋ͵͵Ǥ͵͵Ȍ ͳǤͳͶ	ȋͲǤ͵͵	Ȃ ͵ǤͻͶȌ ͳǤͳͶ	ȋͲǤ͵͵	Ȃ	͵ǤͻͶȌ	NCTͲͲͶ͹ͳͶͻ͹	ȋENESTndȌ	 ʹͶͶȀͷ͸͵	ȋͶ͵Ǥ͵ͶȌ	 ͸͵Ȁʹͺ͵	ȋʹʹǤʹ͸Ȍ ʹǤͶͻ	ȋͳǤͺͷ	Ȃ ͵Ǥ͵ͶȌ ʹǤͶͻ	ȋͳǤͺͷ	Ȃ	͵Ǥ͵ͶȌ	NCTͲͲ͹͸Ͳͺ͹͹	ȋENESTcmrȌ	 ʹͲȀʹͶ	ȋͺ͵Ǥ͵͵Ȍ	 ͳͷȀʹͺ	ȋͷ͵Ǥͷ͹Ȍ	 ͵Ǥ͹͹	ȋͳǤͳͻ	Ȃ	ͳͳǤͻͳȌ	 ͵Ǥ͹͹	ȋͳǤͳͻ	Ȃ	ͳͳǤͻͳȌ	
nilotinib	 272/609	(44.66)	 85/332	(25.60) 2.45	(1.85	� 3.24) 2.45	(1.84	�	3.26)NCTͲͳ͸ͷͲͺͲͷ	ȋEP)CȌ	 ͺȀͳͲ	ȋͺͲǤͲͲȌ	 ͷȀͳ͵	ȋͷǤͲ͹Ȍ	 ͶǤͻͷ	ȋͲǤͻ͹	Ȃ	ʹͷǤͳͻȌ	 ͶǤͻͷ	ȋͲǤͻ͹	Ȃ	ʹͷǤͳͻȌ	
ponatinib	 8/10	(80.00)	 5/13	(5.07) 4.95	(0.97	Ǧ 25.19) 4.95	(0.97	�	25.19)
Overall	 607/1,374	(44.18) 288/1,053	(27.35) 2.22	(1.87	� 2.63) 2.22	(1.87	�	2.63)
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eFigure 3 : One- w ay sensit ivit y analysis of  the r isk  of vascular  occlusive events 
in the leukem ic populat ion and st ra t if ied by t reatm ent  
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eFigure 4 : One- w ay sensit ivit y analysis fo r  the overa ll surviva l at  1  year  and for  
t he m ajor  m olecular  response rate. 
 
A.  Overa ll surviva l 

 

B.  Major  m olecular  response 

 
 
 

Study name Treatment ComparisonStatistics with study removed Peto odds ratio (95% 
CI) with study removedLower Upper 

Point limit limit p-Value

NCT00574873- BELA bosutinib imatinib 0,80 0,36 1,82 0,600
NCT00070499 dasatinib imatinib 1,28 0,66 2,46 0,463
NCT00481247 - DASISION dasatinib imatinib 1,90 0,89 4,06 0,098
NCT00852566 - NordCML006 dasatinib imatinib 1,15 0,60 2,21 0,684
NCT00471497- ENESTnd nilotinib imatinib 1,05 0,51 2,16 0,891
NCT00760877- ENESTcmr nilotinib imatinib 1,28 0,66 2,46 0,463
NCT01650805- EPIC ponatinib imatinib 1,15 0,59 2,26 0,684

1,20 0,63 2,29 0,576
0,01 0,1 1 10 100

Imatinib New generation TKI

Overall survival

Study name Treatment ComparisonStatistics with study removed Peto odds ratio (95% 
CI) with study removedLower Upper 

Point limit limit p-Value

NCT00574873 - BELA bosutinib imatinib 2,32 1,92 2,81 0,000
NCT00070499 dasatinib imatinib 2,27 1,89 2,72 0,000
NCT00103844 - START-R dasatinib imatinib 2,20 1,85 2,62 0,000
NCT00481247 - DASISION dasatinib imatinib 2,24 1,84 2,72 0,000
NCT00852566 - NordCML006 dasatinib imatinib 2,19 1,84 2,60 0,000
NCT01400074 - RE-NICE nilotinib imatinib 2,24 1,89 2,67 0,000
NCT00471497 - ENESTnd nilotinib imatinib 2,09 1,70 2,58 0,000
NCT00760877 - ENESTcmr nilotinib imatinib 2,19 1,84 2,60 0,000
NCT01650805 - EPIC ponatinib imatinib 2,20 1,85 2,61 0,000

2,22 1,87 2,63 0,000
0,01 0,1 1 10 100

Imatinib New generation TKI

Major molecular response


