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Objectives: With bosutinib proven to be available for frontline treatment, there are currently 

four frontline treatments as well as an additional strategy with high-dose imatinib for newly 

diagnosed chronic myeloid leukemia (CML). Due to the lack of direct comparison of high-dose 

imatinib, dasatinib, nilotinib, and bosutinib, we summarized the evidence to indirectly compare 

the efficacy among these treatment options.

Methods: In total, 14 randomized clinical trials including 5,630 patients were analyzed by direct 

and mixed-treatment comparisons. Outcomes assessed were the following: complete cytogenetic 

response at 12 months; major molecular response at 12, 24, and 36 months; deep molecular 

response at 12, 24, 36, and 60 months; early molecular response at 3 months; progression-free 

survival (PFS); overall survival (OS); and Grade 3 or 4 adverse events (AEs). 

Results: The Bayesian network meta-analysis demonstrated that high-dose imatinib was less 

effective than all new-generation tyrosine kinase inhibitors and had a higher probability of Grade 

3 or 4 AEs. For molecular response, 300 mg of nilotinib was likely to be the preferred frontline 

treatment, as demonstrated by higher response rates and faster, deeper, and longer molecular 

response. For PFS and OS, there were high likelihoods (79% and 74%, respectively) that 400 

mg of nilotinib was the preferred option. For AEs, standard-dose imatinib has the highest prob-

ability (65%) of being the most favorable toxicity profile. 

Conclusion: Considering the efficacy and toxicity profile, it is not recommended to use high-

dose imatinib for treatment. This analysis also showed that nilotinib has the highest probability 

to become the preferred frontline agents for treating CML.

Keywords: CML, tyrosine kinase inhibitor, imatinib, bosutinib, dasatinib, nilotinib

Introduction
Chronic myeloid leukemia (CML) is a myeloproliferative malignancy, accounting for 

about 15% of newly diagnosed leukemia in adults with 5,230 new cases in men and 

3,720 in women in 2017 in USA.1 CML is characterized by the chromosomal transloca-

tion between t(9;22) (Philadelphia Chromosome-Ph), which encodes the oncoprotein 

BCR-ABL1 with constitutive tyrosine kinase activity.2

The earlier drug therapy for CML was conventional chemotherapy such as hydroxy-

urea, busulfan, and interferon-alfa. Although major advances have been made in CML 

treatment, these treatment strategies were limited by their modest efficacy and toxicity 

profile.3 Allogeneic hematopoietic cell transplantation was a curative treatment but was 

associated with increased morbidity and mortality and needed an appropriate donor. 

Fortunately, since the emergence of BCR-ABL1 tyrosine kinase inhibitors (TKIs), the 
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life expectancy of CML patients in chronic phrase (CP) was 

close to that of general population, and the annual mortality 

rate has dropped from 10%–20% to 1%–2%.1 Imatinib was 

the first-generation TKI to be tested in International Ran-

domized Study of Interferon and STI571 study. It showed 

that imatinib was associated with superiority compared with 

interferon-alfa plus cytarabine, as demonstrated by higher 

cytogenetic and molecular response and less CML- or treat-

ment-related deaths after 11 years of follow-up.4,5 However, 

imatinib is far from perfect, with ~15%–20% CML patients 

failed to achieve an optimal response, and only half of the 

patients (48%) remained on therapy at 11-year follow-up.4–6 

In addition, the high-risk CML patients treated with imatinib 

had a poor overall survival (OS) rate (68.6%) at 11 years of 

treatment as compared with low-risk CML (89.9%) patients.4 

To improve the efficacy of these CML patients with imatinib 

resistance, several randomized controlled trials (RCTs) 

were conducted to explore the new strategy treatment with 

high-dose imatinib. Results from these RCTs showed a more 

faster and deeper molecular response by high-dose imatinib 

in patients with CML-CP.7,8 Furthermore, high-dose imatinib 

had a good therapeutic effect on patients with no response to 

standard-dose imatinib.

In addition, given the increased recognition of pathogen-

esis of BCR-ABL oncoprotein in CML, the new-generation 

TKIs with considerable activity against the oncogenic 

BCR-ABL1 kinase were applied to the CML treatment.9 

Dasatinib, nilotinib, and bosutinib are the three types of 

second-generation TKIs that have been extensively stud-

ied. Dasatinib is a potent inhibitor (350 times more potent 

in vitro over imatinib) in inhibiting wild-type BCR-ABL 

kinase, as well as inhibiting the SRC kinases, platelet-derived 

growth factor receptor (PDGFR), and c-KIT. Nilotinib is a 

derivative of imatinib with 30–50 times more affinity for 

BCR-ABL compared with imatinib, which also inhibits the 

PDGFR and c-KIT receptor. Bosutinib is an oral, dual SRC/

ABL kinase inhibitor with greater potency than imatinib 

and minimal inhibitory activity against PDGFR and c-KIT 

compared with other TKIs. Both dasatinib and nilotinib 

have been approved by the US Food and Drug Administra-

tion as the frontline treatment for CP-CML. The open-label, 

phase III trials (Evaluating Nilotinib Efficacy and Safety in 

Clinical Trials-Newly Diagnosed Patients  [ENESTnd]10 and 

DASatinib versus Imatinib Study In treatment-Naive CML 

patients [DASISION]11) have demonstrated that nilotinib 

and dasatinib had considerable advantage of achieving 

molecular and cytogenetic response over imatinib in newly 

diagnosed CP-CML patients. In addition, for patients with 

high-risk CML or those who failed in imatinib treatment, 

switching to nilotinib or dasatinib can experience long-term 

benefits.6,12–14 More recently, bosutinib has been evaluated 

for frontline treatment for newly diagnosed CML patients.15 

Considering the shortcomings of the Bosutinib Efficacy 

and Safety in Chronic Myeloid Leukemia (BELA), Cortes 

et al15 conducted a clinical trial to adjust the starting dose of 

bosutinib (400 mg once daily), which significantly achieved 

efficacy and safety, suggesting that bosutinib may be used 

as frontline treatment for CP-CML.15

So far, there are four frontline treatments as well as addi-

tional treatment strategy with high-dose imatinib approved 

for CML patients. To our knowledge, no published literature 

has compared the outcome of second-generation TKIs to the 

high-dose imatinib, except Sasaki et al16 who performed a 

propensity score matching to analyze the relative efficacy 

of these treatments and suggested that CML patients may 

have similar response and long-term survival between high-

dose imatinib and second-generation TKIs. In addition, with 

bosutinib proven to be available for frontline treatment, 

there is currently also no direct or indirect comparison 

among second-generation TKIs. Therefore, to explore the 

relative efficacy and safety of these agents and further to 

determine the preferable choices as frontline treatment for 

CML patients, we identified all RCTs of first-line dasatinib, 

nilotinib, bosutinib, and high-dose imatinib and undertook 

this network meta-analysis (NMA) to help all stakeholders 

overcome the paucity of head-to-head data in making clini-

cal decisions.

Methods
search trials
We searched the electronic databases (EMBASE, Cochrane 

Central Register of Controlled Trials, and PubMed) from the 

inception dates to the date of search (March 17, 2018), using 

the terms “bosutinib,” “dasatinib,” “nilotinib,” “imatinib,” and 

“Leukemia, Myelogenous, Chronic, BCR-ABL Positive” to 

identify published RCTs evaluating the relative efficacy of 

second-generation TKIs, high-dose imatinib, and standard-

dose imatinib. We also performed additional search which 

selected “systematic reviews” or “meta-analysis” as an article 

type, using the databases and terms described above. We 

exacted original RCTs included in these systematic reviews 

or meta-analysis, which differed from the first retrieval. There 

were no language and publication status restrictions.

eligibility criteria and study selection
We selected clinical trials according to the following inclu-

sion criteria: 1) RCTs comparing bosutinib, dasatinib, nilo-

tinib, or high-dose imatinib (600 mg or 800 mg daily) with 
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standard-dose imatinib (400 mg daily) as frontline therapy 

for newly diagnosed CP-CML; and 2) trials enrolling adults 

aged >18 years. Exclusion criteria were the following: 1) non-

RCTs; 2) including patients with advanced stages of CML (ie, 

accelerated phrase or blast phase); and 3) including patients 

who had received other treatments before entering the study 

(except hydroxyurea, anagrelide, or imatinib for <2 weeks).

Study selection was performed by two independent 

researchers (Chen and Du) who independently reviewed the 

titles and abstracts based on the inclusion and exclusion crite-

ria. For potentially relevant studies, the full text was obtained 

and reviewed for further investigation. Disagreements were 

determined by consensus or by a third reviewer (Wu).

Data extraction and risk of 
bias assessments
A predefined data extraction sheet was used to extract the 

data. Two independent reviewers (Chen and Du) abstracted 

data on lead author; publication year; treatments (including 

the type of intervention and frequency and dose of TKI); 

sample size; patient baseline characteristics (including 

gender, age, Eastern Cooperative Oncology Group per-

formance status, the number of patients according to risk 

group, platelet counts, and white blood cells); and data on 

the complete cytogenetic response (CCyR), major molecu-

lar response (MMR), progression-free survival (PFS), OS, 

early molecular response (EMR), deep molecular response 

(DMR), and Grade 3 or 4 adverse events (AEs). In each 

trial, the number of outcomes was abstracted according to 

the intention-to-treat approach. One reviewer abstracted 

the data from included RCTs, and another confirmed the 

accuracy of the data. Any disagreements were resolved by 

consensus. Table 1 shows the detailed information regarding 

baseline characteristics.

For each included RCT, the risk of bias was indepen-

dently assessed by two reviewers (Chen and Du) based on 

the Cochrane risk of bias criteria.17 The following seven 

components were used to evaluate the bias in each trial: ran-

domization sequence generation, concealment of allocation, 

blinding of outcome assessors, blinding of patients and care 

givers, selective reporting, incomplete outcome data, and 

other bias. Each component was evaluated separately and 

graded as high risk, low risk, and unclear risk. Disagreements 

were determined by discussion or by a third reviewer (Wu).

Definition of outcomes
The primary outcomes were CCyR and MMR at 12 months. 

Secondary outcomes were MMR at 24 and 36 months; DMR 

at 12, 24, 36, and 60 months, EMR at 3 months; and OS, 

PFS, and Grade 3 or 4 AEs.

statistical analyses
For each outcome, we used a Bayesian framework with 

noninformative priors to conduct an NMA to directly and 

indirectly compare the relative efficacy of standard-dose 

imatinib, high-dose imatinib, and second-generation TKIs 

and rank their outcomes graphically. For PFS and OS, we 

used HR and P-values provided by the manuscript to calcu-

late the corresponding log HR and standard error for indirect 

comparison, or we used Engauge Digitizer 4.1 and excel file 

provided by Tierney et al,18 based on the OS curve or PFS 

curve, to calculate the log HR and standard error directly. 

For other indicators, the results were calculated as OR with 

95% credible interval (CrI). For convergence, we discarded 

the burn-in of 5,000 initial iterations, and the results were 

estimated according to additional 20,000 iterations. Model 

fit was checked using deviance information criterion (DIC). 

When the DIC value of random-effects model or fixed-effects 

model was obtained, we chose the lower DIC model as the 

primary analytical model. We used the I2 statistic to assess 

statistical heterogeneity among the various trials, where I2 

value <25% reflected mild heterogeneity, 25%–50% reflected 

moderate heterogeneity, and >50% reflected severe hetero-

geneity. The estimation of potential publication bias was 

investigated by funnel plot. All analyses were performed 

using JAGS software in R by use of gemtc (R package Ver-

sion 0.8) and rjags (R package Version 4.3.0).

Results
studies retrieved and characteristics
The initial searches yielded 1,072 relevant references. After 

removing duplicates, 718 references were identified from 

the different databases. After screening titles and abstracts, 

44 full texts of these references were considered for fur-

ther investigation. Then, 23 articles were excluded from 

44 articles due to non-RCTs, sub-analysis of DASISION/

ENESTnd, and incompatibility with our inclusion criteria. 

In the remaining 21 articles, 54 RCTs were identified. 

Among a total of 54 RCTs, further 40 RCTs were excluded, 

because of a repeated report; 14 studies were included in 

this NMA eventually. Figure 1 depicts the process of study 

selection.

In total, 14 trials including 5,630 patients were ultimately 

included in this NMA. Of these, imatinib was compared 

with high-dose imatinib in five trials,7,8,19–21 dasatinib in five 

trials,11,22–25 nilotinib in two trials,10,26 and bosutinib 400 mg 
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daily and bosutinib 500 mg daily in one trial each.15,27 One 

trial (ie, Spirit 225) was conference abstract identified from 

the systematic review and meta-analysis.28 As this confer-

ence abstract did not report the baseline characteristics, 

we can obtain only the participant numbers and interesting 

outcomes. Other trials were well matched between the two 

groups in baseline characteristics, except two trials (S0325-1 

and European Leukemia Net), which were higher in high-risk 

patients compared with remaining trials. Table 1 shows the 

detailed information.

Primary outcomes
Based on the data obtained in the original literature about 

CCyR, our NMA included 14 trials involving 5,410 total 

patients. Figure 2 shows the network configuration. Com-

pared with imatinib, the CCyR rate at 12 months was signifi-

cantly improved in all other treatments, except bosutinib 500 

mg daily, which was similar to the standard-dose imatinib 

with an OR of 1.3 (95% CrI =0.84–1.9; Figure 2B). On the 

indirect comparison, all other treatments had no statistical dif-

ference in CCyR at 12 months when compared against each 

other. The results of surface under the cumulative ranking 

(SUCRA) analysis showed that bosutinib 400 mg daily (30% 

probability), nilotinib 400 mg daily (26% probability), and 

dasatinib (24% probability) had a similar probability being 

the first, best treatments.

For MMR at 12 months, our NMA comprised 14 trials 

involving 5,477 total patients, which was shown in Figure 

3. The direct comparison suggested that all treatments were 

associated with superior efficacy compared with standard-

dose imatinib (Figure 3B). On indirect comparison, nilotinib 

300 mg daily had a favorable effect as compared with bosu-

tinib 400 mg daily, dasatinib, and high-dose imatinib, but no 

difference with bosutinib 500 mg daily and nilotinib 400 mg 

daily (bosutinib 500 vs nilotinib 300: OR 0.66 [0.41–1.1] and 

nilotinib 300 vs nilotinib 400: OR 0.95 [0.69–1.3]; Figure 

3C). The results of rank probabilities showed that nilotinib 

300 mg has a 59.9% likelihood of being the preferred 

treatment.

In addition, we performed a subgroup analysis of CML 

patients with a high-risk score regarding MMR at 12 months. 

According to the direct comparison, imatinib had an infe-

rior effect as compared with bosutinib 400 mg, dasatinib, 

nilotinib 300 mg, and nilotinib 400 mg, but no difference 

with bosutinib 500 mg and high-dose imatinib. On indirect 

comparison, only imatinib and high-dose imatinib were 

less effective than nilotinib 300 mg. Figure S1 shows the 

detailed information.

Figure 1 literature search and screening process.
Abbreviation: RCTs, randomized controlled trials.
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Figure 2 analysis of complete cytogenetic response: (A) network diagram; (B) forest plot, with imatinib as the comparator; (C) forest plot, with bosutinib 400 mg as the 
comparator; and (D) sUCRa plot.
Notes: imatinib = standard-dose imatinib; bosutinib400 = bosutinib 400 mg daily; bosutinib500 = bosutinib 500 mg daily; nilotinib300 = nilotinib 300 mg daily; nilotinib400 = 
nilotinib 400 mg daily; imatinib600_800 = high-dose imatinib.
Abbreviations: Cri, credible interval; sUCRa, surface under the cumulative ranking.
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Figure 3 analysis of major molecular response at 12 months: (A) network diagram; (B) forest plot, with imatinib as the comparator; (C) forest plot, with nilotinib 300 mg 
as the comparator; and (D) sUCRa plot.
Notes: imatinib = standard-dose imatinib; bosutinib400 = bosutinib 400 mg daily; bosutinib500 = bosutinib 500 mg daily; nilotinib300 = nilotinib 300 mg daily; nilotinib400 = 
nilotinib 400 mg daily; imatinib600_800 = high-dose imatinib.
Abbreviations: Cri, credible interval; sUCRa, surface under the cumulative ranking.
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secondary outcomes
MMR at 24 and 36 months
Compared with imatinib, all treatments had significantly 

superior MMR rate at long-time follow-up, except high-dose 

imatinib, which was similar to the standard-dose imatinib at 

Month 36 with an OR of 1.2 (95% CrI =0.79–1.7). On indi-

rect comparison, nilotinib 300 mg had a significantly better 

MMR rate at 24 and 36 months as compared with high-dose 

imatinib, but no difference with dasatinib and nilotinib 400 

mg. Based on the SUCRA analysis, nilotinib 300 mg daily has 

ranked first with 68.3% and 73.8% probabilities of providing 

the best MMR at 24 and 36 months.

DMR and eMR
Compared with imatinib, second-generation TKIs and high-

dose imatinib had significantly higher DMR at 12, 24, 36, 

and 60 months, except bosutinib 500 mg, which is similar to 

imatinib at 24 months with an OR of 1.4 (0.82–2.3). Based 

on the SUCRA analysis, bosutinib 500 mg compared against 

all TKIs had the highest probability (67.0%) of DMR at 12 

months. However, at 24, 36, and 60 months, nilotinib 300 

mg may be the preferred option according to the rank prob-

abilities. Furthermore, on indirect comparison, standard-dose 

imatinib and high-dose imatinib have always been worse than 

nilotinib 300 mg during long-time treatment. Figures S2–S5 

show the detailed information.

Compared with nilotinib 300 mg, the rate of EMR at 3 

months was statistically inferior to the use of bosutinib and 

imatinib, but no difference with dasatinib (nilotinib 300 mg 

vs bosutinib 400 mg: OR 2.2 [1.2–4.2], nilotinib 300 mg vs 

imatinib: OR 5.1 [3.2–8.4], nilotinib vs dasatinib: OR 1.6 

[0.87–3.1]). Rank probabilities regarding EMR also showed 

that nilotinib ranked first (59.2%) among other TKIs. Figure 

S6 shows the detailed information.

PFs and Os
For PFS and OS, the NMA comprised five trials involving 

1,972 total patients. Figure 4 shows the network configuration 

regarding PFS. Compared with imatinib, PFS differed in a 

significant manner for only patients who received nilotinib 

400 mg daily with an HR of 0.30 (95% CrI =0.10–0.87; 

Figure 4B). When compared to nilotinib 400 mg, both 

standard-dose imatinib and dasatinib had significantly higher 

HRs of 3.4 (95% CrI: 1.1–11.0) and 3.3 (95% CrI: 1.2–9.6), 

respectively (Figure 4C). Based on the analysis of SUCRA, 

nilotinib 400 mg has a 79% likelihood of being the preferred 

treatment (Figure 4D).

Figure S7 shows the network configuration regarding OS. 

Regardless of the direct or indirect comparison, there was no 

statistical difference among these treatments. On a SUCRA 

analysis, nilotinib 400 mg has a 74% likelihood of being the 

preferred treatment (Figure S7D).

safety analysis
We performed an NMA comparing Grade 3 or 4 AEs among 

seven treatment strategies. In this analysis, eleven trails includ-

ing a total of 4,262 patients were available. Figure 5 shows the 

network configuration. Compared with imatinib, only nilotinib 

300 mg daily was associated with a similar rate of serious 

AEs with an OR of 1.1 (95% CrI =0.76–1.5; Figure 5B). 

When compared to nilotinib 300 mg daily, all other therapies 

had significantly worse toxicity profile, except dasatinib (OR 

=1.5, 95% CrI =0.93–2.5) and standard-dose imatinib (OR 

=0.93, 95% CrI =0.66–1.3; Figure 5C). The results of SUCRA 

analysis showed that standard-dose imatinib had a 65% chance 

of being the most favorable toxicity profile (Figure 5D). Con-

versely, there was a 74.8% likelihood that high-dose imatinib 

had the least favorable toxicity profile (Figure 5D).

Discussion
Our NMA compiled RCTs comparing second-generation 

TKIs and high-dose imatinib with standard-dose imatinib 

400 mg daily as frontline treatment for newly diagnosed CP-

CML. It was demonstrated that nilotinib 300 mg was associ-

ated with a superiority in achieving higher response rates and 

faster, deeper, and longer molecular response as compared 

with imatinib, high-dose imatinib, dasatinib, and bosutinib. 

However, when we conducted subanalysis in patients with 

high-risk CML, we found that there was no statistical differ-

ence among second-generation TKIs. Considering the opti-

mal efficacy and distinct toxicity profile, this finding might 

bring more frontline treatment options to a given patient with 

a high-risk score. Despite high-dose imatinib was superior 

to the standard-dose imatinib in terms of MMR, it paled in 

comparison with dasatinib and nilotinib across all Hasford 

risk groups. In addition, nilotinib 400 mg had the highest 

probability of achieving PFS and OS. Conversely, standard-

dose imatinib is still the safest treatment strategy with 65% 

chance of being the best-tolerated regime regarding to Grade 

3 or 4 adverse effects.

The major limitation in our NMA is that although our 

research data were extracted from RCTs, the relative efficacy 

among second-generation TKIs and high-dose imatinib was 

based on indirect comparison which suggested that the evi-
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dence level regarding relative efficacy among new-generation 

TKIs is limited. Another limitation is the definition of PFS 

among five trials as described earlier. Due to the different crite-

ria for PFS in included articles, there may be bias in the indirect 

comparison of PFS. In addition, Bosutinib Trial in First-Line 

Chronic Myelogenous Leukemia Treatment (BFORE) trial is 

an ongoing phase III multinational randomized study which 

assessed primary and secondary outcomes up to Month 12. 

Due to the paucity of available data, we did not assess the 

comparative efficacy among three new-generation TKIs at 

time points beyond 12 months. Furthermore, efficacy regarding 

bosutinib 400 mg once daily was only reported in one trial.

In addition to CCyR and MMR, another monitoring 

indicator (ie, DMR) is an important factor that increases the 

A

B

C

D

Figure 4 analysis of progression-free survival: (A) network diagram; (B) forest plot, with imatinib as the comparator; (C) forest plot, with nilotinib 400 mg as the 
comparator; and (D) sUCRa plot.
Notes: imatinib = standard-dose imatinib; bosutinib400 = bosutinib 400 mg daily; bosutinib500 = bosutinib 500 mg daily; nilotinib300 = nilotinib 300 mg daily; nilotinib400 = 
nilotinib 400 mg daily; imatinib600_800 = high-dose imatinib.
Abbreviations: Cri, credible interval; sUCRa, surface under the cumulative ranking.
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likelihood allowing for TKI cessation, which is an emerging 

goal in CML treatment nowadays.29–32 Up to now, several stud-

ies have demonstrated that ~50% of the patients who achieve 

and sustain stable DMR for a significant period can stop TKI 

therapy and remain treatment-free remission (TFR) for sev-

eral years.33–35 Furthermore, these patients who discontinue 

TKI therapy successfully remain sensitive to prior TKI and 

safely reestablish remission after molecular relapse.33 The 

DMR reported in our NMA was assessed by 12, 24, 36, and 

60 months, showing that high-dose bosutinib was associated 

with faster and deeper molecular response, and nilotinib 300 

mg was related to long-term DMR. In other words, these 

A

B

C

D

Figure 5 analysis of grade 3 or 4 aes: (A) network diagram; (B) forest plot, with imatinib as the comparator; (C) forest plot, with nilotinib 300 mg as the comparator; 
and (D) sUCRa plot.
Notes: imatinib = standard-dose imatinib; bosutinib400 = bosutinib 400 mg daily; bosutinib500 = bosutinib 500 mg daily; nilotinib300 = nilotinib 300 mg daily; nilotinib400 = 
nilotinib 400 mg daily; imatinib600_800 = high-dose imatinib.
Abbreviations: Cri, credible interval; sUCRa, surface under the cumulative ranking.
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results may indicate that some patients who are sensitive to 

high-dose bosutinib will soon reach DMR during the first year, 

and these patients who reach DMR faster can enter the TFR 

phase earlier, which means that they have a great chance of 

achieving a higher health-related quality of life and a lower 

financial burden. In addition, recent evidence showed that 

DMR correlates significantly with long-term benefits, particu-

larly when achieved early during treatment.36 Unfortunately, 

due to the high discontinuation rate caused by AEs, BELA27 

(bosutinib 500 mg per day) did not meet its primary end point 

of CCyR at 12 months. However, with the increased experi-

ence in bosutinib treatment, Cortes et al15 conducted a clinical 

trial to adjust the starting dose of bosutinib (400 mg per day), 

which significantly achieved efficacy and safety. Therefore, it 

is quite important to identify the eligible patients and establish 

the optimal dose regimen of bosutinib that created balance 

to achieve both DMR and CCyR. Obviously, these findings 

may help us to understand that bosutinib and nilotinib seem 

more appropriate for younger patients who may have >30 

years of remaining life expectancy or for women who wish 

to conceive.37 Considering that maintaining TFR is becom-

ing an important goal in clinical care, bosutinib may have an 

important value in future research.

Although the emergence of TKI has substantially changed 

the natural history of CML and made their life expectancy 

close to the general population, some patients treated with 

TKI also failed to achieve optimal response and had poor 

long-term outcomes.4 Several reports have shown that EMR 

was strongly associated with long-term benefits in CP-CML 

patients.38–41 Futhermore, if patients treated with imatinib 

have a BCR-ABL(IS)>10% at 3 months, the prognosis was 

extremely poor, regardless of  increasing the dose of imatinib 

or switching to the new-generation TKIs. It can therefore be 

assumed that the EMR is the important landmark that must be 

identified after starting TKI therapy. Our NMA revealed that 

all second-generation TKIs induced faster molecular response 

than imatinib. In addition, the results of this NMA indicated 

that nilotinib was related to higher EMR rate, as compared 

to other TKIs, in terms of relative efficacy among all TKIs 

and the results of rank probabilities. Due to the limitations 

of the original research data, we only obtained the EMR at 3 

months. Several experts suggested that a single measurement 

of molecular response level at Month 3 cannot define failure 

that needs to change the treatment, and a follow-up mea-

surement at Month 6 is necessary.6 However, recent clinical 

studies demonstrated that using the 3- vs 6-month landmarks 

to predict future outcomes was generally similar.39–41 In addi-

tion, some studies have also found that long-term outcome 

can be predicted accurately according to the transcript level 

at 3 months.42 Therefore, the EMR at Month 3 represents 

the credible surrogate marker for the long-term outcomes, 

which suggested that nilotinib may be the preferred option 

for CP-CML patients.

Our NMA showed that nilotinib 400 mg per day revealed 

a statistically significant advantage of PFS as compared 

to the standard-dose imatinib and dasatinib. However, our 

research showed no statistical significance in OS. The results 

of OS above may stem from the fact that the outcomes only 

assessed up to 5 years, and the sample size was limited. It 

is possible that differences will be discernible with longer 

follow-up. Another possible explanation for this is that 

patients’ comorbidities at diagnosis have a strong negative 

effect on OS,43 which masked the real difference in efficacy 

among different TKIs. However, based on the result of rank 

probabilities (74%), the present study may raise the trend that 

high-dose nilotinib has a slight advantage in OS compared 

with other treatment strategies. Whether this slight advantage 

can be expanded and further translated into long-term clinical 

benefit requires extended follow-up.

While multiple TKIs are available for CML patients 

in chronic phase, we chose a TKI as a first-line therapy 

depending on not only efficacy but also TKI toxicity profile 

and patient’s comorbidities. From the result, we only rank 

each TKI based on the number of Grade 3 or 4 AEs, but did 

not provide any specific serious side effects. Substantial 

research suggest that dasatinib is related to pulmonary arte-

rial hypertension, pleural effusions, and inhibiting platelets 

function.11,44–46 Nilotinib has been associated with vascular 

events, hyperglycemia, and prolongation of QT interval.9,47 

Bosutinib is a potent dual SRC/ABL kinase inhibitor evalu-

ated for frontline treatment for CP-CML patients recently.15 

Toxicities seen with bosutinib such as Grade 3 diarrhea 

(without Grade 4 diarrhea), which is mild and manageable, 

and liver function AEs (increased alanine aminotransferase 

and aspartate aminotransferase).15 The side effects of cardiac 

and vascular are not common in the treatment of bosutinib.15 

Of note, the serious side effects of each TKI listed here 

occurred only because the incidence rate is relatively high 

during the treatment and does not indicate that other seri-

ous side effects will not occur with the long-term treatment. 

In addition, considering large majority of CML patients, 

current TKI treatments are lifelong, which means that they 

will suffer from mild or severe side effects for a long time. 

Pinilla-Ibarz et al48 demonstrated that even nonserious AEs 

are likely to significantly interfere with patient’s daily lives 

and compromise their health-related quality of life. Therefore, 
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clinicians should pay close attention to the condition changes 

of patients with CML in real-life clinical care.

Conclusion
High-dose imatinib was more likely to cause Grade 3 

or 4 AEs than other all TKIs and was associated with 

inferior efficacy compared with second-generation TKIs. 

 Conversely, standard-dose imatinib has the highest prob-

ability of being the most favorable toxicity profile. In 

addition, nilotinib 300 mg is related to superior efficacy 

compared with other treatment strategies, as demonstrated 

by higher response rates and faster, deeper, and longer 

molecular response. For survival, nilotinib 400 mg has 

the highest probability of being the preferred treatment. 

Future research should 1) identify the eligible patients 

who are sensitive to bosutinib; 2) conduct head-to-head 

randomized trials to evaluate the relative efficacy among 

new-generation TKIs; and 3) establish the dose regimen of 

nilotinib that will provide long survival and good optimal 

efficacy.
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Supplementary materials

Figure S1 subanalysis: (A) network diagram; (B) forest plot, with imatinib as the comparator; (C) forest plot, with nilotinib 300 mg as the comparator; and (D) sUCRa plot.
Notes: imatinib = standard-dose imatinib; bosutinib400 = bosutinib 400 mg daily; bosutinib500 = bosutinib 500 mg daily; nilotinib300 = nilotinib 300 mg daily; nilotinib400 
=nilotinib 400 mg daily; imatinib600_800 = high-dose imatinib.
Abbreviations: Cri, credible interval; sUCRa, surface under the cumulative ranking.
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Figure S2 analysis of deep molecular response at 12 months: (A) network diagram; (B) forest plot, with imatinib as the comparator; (C) forest plot, with bosutinib 500 mg 
as the comparator; and (D) sUCRa plot.
Notes: imatinib = standard-dose imatinib; bosutinib400 = bosutinib 400 mg daily; bosutinib500 = bosutinib 500 mg daily; nilotinib300 =nilotinib 300 mg daily; nilotinib400 
=nilotinib 400 mg daily; imatinib600_800 = high-dose imatinib.
Abbreviations: Cri, credible interval; sUCRa, surface under the cumulative ranking.
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Figure S3 analysis of deep molecular response at 24 months: (A) network diagram; (B) forest plot, with imatinib as the comparator; (C) forest plot, with nilotinib 300 mg 
as the comparator; and (D) sUCRa plot.
Notes: imatinib = standard-dose imatinib; bosutinib400 =bosutinib 400 mg daily; bosutinib500 = bosutinib 500 mg daily; nilotinib300 =nilotinib 300 mg daily; nilotinib400 
=nilotinib 400 mg daily; imatinib600_800 = high-dose imatinib.
Abbreviations: Cri, credible interval; sUCRa, surface under the cumulative ranking.
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Figure S4 analysis of deep molecular response at 36 months: (A) network diagram; (B) forest plot, with imatinib as the comparator; (C) forest plot, with nilotinib 300 mg 
as the comparator; and (D) sUCRa plot.
Notes: imatinib = standard-dose imatinib; bosutinib400 =bosutinib 400 mg daily; bosutinib500 = bosutinib 500 mg daily; nilotinib300 = nilotinib 300 mg daily; nilotinib400 = 
nilotinib 400 mg daily; imatinib600_800 = high-dose imatinib.
Abbreviations: Cri, credible interval; sUCRa, surface under the cumulative ranking.
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Figure S5 analysis of deep molecular response at 60 months: (A) network diagram; (B) forest plot, with imatinib as the comparator; (C) forest plot, with nilotinib 300 mg 
as the comparator; and (D) sUCRa plot.
Notes: imatinib = standard-dose imatinib; bosutinib400 = bosutinib 400 mg daily; bosutinib500 = bosutinib 500 mg daily; nilotinib300 = nilotinib 300 mg daily; nilotinib400 = 
nilotinib 400 mg daily; imatinib600_800 = high-dose imatinib.
Abbreviations: Cri, credible interval; sUCRa, surface under the cumulative ranking.
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Figure S6 analysis of early molecular response: (A) network diagram; (B) forest plot, with imatinib as the comparator; (C) forest plot, with nilotinib as the comparator; 
and (D) sUCRa plot.
Notes: imatinib = standard-dose imatinib; bosutinib400 = bosutinib 400 mg daily; bosutinib500 = bosutinib 500 mg daily; nilotinib300 = nilotinib 300 mg daily; nilotinib400 = 
nilotinib 400 mg daily; imatinib600_800 = high-dose imatinib.
Abbreviations: Cri, credible interval; sUCRa, surface under the cumulative ranking.
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Figure S7 analysis of overall survival: (A) network diagram; (B) forest plot, with imatinib as the comparator; (C) forest plot, with nilotinib 400 mg as the comparator; and 
(D) sUCRa plot.
Notes: imatinib = standard-dose imatinib; bosutinib400 = bosutinib 400 mg daily; bosutinib500 = bosutinib 500 mg daily; nilotinib300 = nilotinib 300 mg daily; nilotinib400 = 
nilotinib 400 mg daily; imatinib600_800 = high-dose imatinib.
Abbreviations: Cri, credible interval; sUCRa, surface under the cumulative ranking.
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