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Abstract

Background: Recent years have witnessed the rapid evolution of therapies in chronic-phase chronic myeloid
leukemia (CP-CML). To assess the efficacy and tolerability of all reported front-line treatments for patients with
newly diagnosed CML, a multiple-treatments meta-analysis was performed, which accounted for both direct and
indirect comparisons among those treatments.

Methods: Primary outcomes were the percentage of patients achieving major molecular response (MMR) and
complete cytogenetic response (CCyR) within 12 months. Secondary outcomes included the percentage of
progression to accelerated phase (AP), serious adverse effects (AEs), overall discontinuation and discontinuation for
drug-related AEs. Direct pairwise meta-analysis and indirect multi-comparison meta-analysis among those
treatments in each outcome were both conducted. The surface under the cumulative ranking curve (SUCRA) was
calculated for all treatments in each outcome. Cluster analysis demonstrated the division of treatments into distinct
groupings according to efficacy and tolerability profiles.

Results: A total of 21 randomized controlled trials (RCTs, including 10,187 patients) comparing 15 different
interventions for CP-CML patients were included in this study. SUCRA analysis suggested that all tyrosine kinase
inhibitors (TKls) are highly effective in newly diagnosed CP-CML when compared to traditional drugs. Newer TKIs
and higher-dose imatinib generally resulted in faster cytogenetic and molecular responses when compared with
standard-dose imatinib and traditional drugs. Furthermore, traditional drugs, higher-dose imatinib and newer TKIs
demonstrated lower acceptability than standard-dose imatinib. One cluster of interventions, which included
nilotinib (300/400 mg BID), dasatinib (100 mg QD) and radotinib (300 mg BID), demonstrated higher efficacy and
tolerability than other treatments.

Conclusions: Nilotinib (300/400 mg BID), dasatinib (100 mg QD) and radotinib (300 mg BID) prove to be the most
recommended front-line treatments of the greatest efficacy and tolerability for CP-CML patients. High-dose

therapies are recommended only for patients in accelerated phase/blast phase or with suboptimal CML-CP
response, and management of adverse events should be carried out to avoid compromising the clinical efficacy.
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Background

Chronic myeloid leukemia (CML) is one specific cat-
egory of myeloproliferative neoplasm (MPN), character-
ized by an excessive proliferation of moderately and well
differentiated cells of the granulocytic lineage [1]. The
molecular abnormity of CML is the presence of an ab-
normal Philadelphia (Ph) chromosome, formed by a re-
ciprocal translocation between the long arms of
chromosomes 9 (ch9) and 22 (ch22). Central pathogen-
esis of CML is the fusion of the Abelson murine
leukemia (ABL1) gene on ch9 with the breakpoint clus-
ter region (BCR) gene on ch22, which results in expres-
sion of an oncoprotein termed BCR/ABL1 [2].
Compared to wild-type C-ABL1, BCR/ABL1 fusion pro-
tein displays increased kinase activity, which makes it a
necessary and sufficient initiating trigger in CML [3].
According to conservative statistics, CML accounts for
approximately 15% of adult leukemia, with an annual in-
cidence of 1-2 cases per 100,000 persons. The diagnos-
tic criteria, clinical characteristics, and natural course of
the disease have been well defined in recent evidence-
based guidelines for the diagnosis and management of
CML [4]. The majority of diagnoses are made in the
chronic phase (CP-CML) as opposed to the accelerated
phase (AP-CML), therefore it is of great importance to
confirm best front-line treatments in newly diagnosed
CP-CML.

Before 2000, while the allogeneic stem cell transplant
(Allo-SCT) offered greater chance of long-term survival,
the mainstay of treatment for individuals ineligible for
transplant was limited to interferon-alfa (IFN-a), busul-
fan, hydroxyurea (Hu) or chemotherapy [3, 5]. IFN-«a led
to disease regression and improved survival but was hin-
dered by its limited efficacy and associated significant
toxicities. Allo-SCT is curative, but carries great risks of
mortality. In recent years, the CML therapeutic land-
scape has changed dramatically with the development of
the small molecule tyrosine kinase inhibitors (TKIs) that
potently interfered with the interaction between the
BCR/ABL1 oncoprotein and adenosine triphosphate
(ATP), blocking cellular proliferation of the malignant
clone. This “targeted” approach altered the natural his-
tory of CML, improving the 10-year survival rate from
approximately 20 to 80%—90% [6].

The previous systematic reviews and meta-analyses
performed a direct comparison of the relative efficacy of
two or more kinds of tyrosine kinase inhibitors for newly
diagnosed CP-CML [7, 8]. Hofmann’s meta-analysis
compared the major molecular response during the first
year of standard-dose imatinib and high-dose imatinib
or second-generation TKIs for chronic myeloid leukemia
[9]. Yun’ study compared the outcomes of new gener-
ation TKIs versus imatinib in patients with newly diag-
nosed CP-CML, and concluded that new generation
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TKIs resulted in a greater major molecular response
[10]. Chen’ group [11] conducted a network meta-ana-
lysis (NMA) of first-line treatments for CP-CML, and
Fachi’ study [12] performed a NMA to compare the effi-
cacy and safety of several TKIs. Although the previous
studies conducted direct or indirect comparison among
different therapies in CP-CML, none of them made a
comprehensive comparison of all reported treatments,
including conventional drugs, imatinib and new TKIs.
Additionally, the dose difference of each drug may result
in variation in efficacy. More importantly, the relative
risks of serious adverse effect and treatment discontinu-
ation should also be taken into consideration when we
evaluate each kind of therapy. Herein, our study was the
first meta-analysis that was based on multiple treatments
to simultaneously assess the comparative efficacy and
tolerability of almost all front-line treatments for newly
diagnosed CML patients.

Methods

This multiple comparison NMA was conducted in ac-
cordance with the recommendations of the Cochrane
Comparing Multiple Interventions Methods Group [13]
and the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) extension statement
for systematic reviews incorporating NMAs [14].

Literature search

Two authors (Tang and Mei) independently used the
following tools: MEDLINE, EMBASE, Cochrane library
databases and ClinicalTrials.gov website to obtain relevant
articles published until now. Following the PICOS
principle (Participants, Interventions, Comparisons, Out-
comes and Study design), the key search terms included
“chronic myeloid leukemia, treatment, efficacy, safety,
imatinib, nilotinib, bosutinib, dasatinib, radotinib, ponati-
nib, interferon, cytarabine, chemotherapy”. The complete
search used for PubMed was: (((((((((((( chemotherapy
[Title/Abstract]) OR cytarabine [Title/Abstract]) OR
interferon [Title/Abstract]) OR ponatinib [Title/Abstract])
OR radotinib [Title/Abstract]) OR dasatinib [Title/Ab-
stract]) OR bosutinib [Title/Abstract]) OR nilotinib [Title/
Abstract]) OR imatinib [Title/Abstract]) OR treatment
[Title/ Abstract])) AND ((tolerability [Title/Abstract]) OR
(efficacy [Title/Abstract])) AND chronic myeloid leukemia
[Title/ Abstract] Sort by: Best Match Filters: Clinical Trial;
Humans. All eligible studies were considered for this re-
view, and we also did a manual search, using the reference
lists of key articles published.

Outcome measures and eligibility criteria

Primary outcomes were the percentage of patients
achieving major molecular response (MMR) and
complete cytogenetic response (CCyR) within 12
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months. Secondary outcomes included the percentage of
progression to accelerated phase (AP), serious adverse
effects (AEs in 3 or 4 grade), overall discontinuation and
discontinuation for drug-related AEs. MMR is defined as
achieving a ratio of BCR-ABL1<0.1% on the inter-
national scale (< 0.1% BCR-ABLI1[IS]) measured by re-
verse transcription-quantitative  polymerase  chain
reaction (RT-qPCR) or > 3-log reduction in BCR-ABL1
mRNA from the standard baseline if RT-qPCR is not
available [15]. CCyR is defined as achieving 0% Philadel-
phia chromosome-positive (Ph+) metaphases by cytogen-
etic analysis of bone marrow [16]. Two researchers (Tang
and Mei) independently assessed all the included studies
and extracted the data. Studies were considered eligible if
they met all the following inclusion criteria: (1) random-
ized controlled trials (RCTs) comparing at least two treat-
ments as first line treatment for newly diagnosed,
previously untreated (except for treatment with hydroxy-
urea or anagrelide) CP-CML patients; (2) the diagnosis of
CML according to the trials was based on cytogenetic,
fluorescence in situ hybridization (FISH) and/or RT-qPCR
results; (3) sample size >40; (4) sufficient follow-up data
about the above outcomes. When there were several re-
ports concerning the same study, we included the high
quality and most recent publication in our meta-analysis.
Disagreements between the two reviewers were resolved
by discussion with another reviewer (Hu).

Assessment of risk of bias

As for quality assessment, the following domains were
taken into consideration: random sequence generation,
allocation concealment, blinding (self-reported), blinding
(objective outcomes), incomplete and selective outcome
reporting, and other bias presence. We made critical as-
sessment separately for each domain and graded it as
low risk for bias, unclear risk, or high risk for bias ac-
cording to the criteria specified in the Cochrane Hand-
book [17].

Data extraction

Data extraction was independently performed by two re-
searchers (Tang and Mei), and any disagreement was re-
solved by a third researcher (Hu). For each RCT, the
following characteristics were collected: the first author;
publication year; trial number; study design, number of
patients in each arm; interventions, gender and age dis-
tribution in participants, CML scoring systems (includ-
ing Sokal risk and Hasford risk), ECOG (Eastern
Cooperative Oncology Group) performances status and
any relevant outcomes in this meta-analysis.

Data synthesis and analysis
We produced visual inspection of separate network dia-
grams to show the amount of evidence available for each
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outcome in STATA v15.0. In each network plot, the size
of each node is proportional to the total number of ran-
domized participants (sample size) allocated to the cor-
responding treatment across all trials, and the width of
each line is proportional to the total number of RCTs
evaluating the corresponding treatment comparison.
Odds ratios (ORs) with corresponding 95% confidence
intervals (95% CIs) were calculated for dichotomous
outcomes.

First, the pairwise meta-analysis was conducted to com-
pare the same interventions to incorporate the assumption
that the different studies were estimating different, yet re-
lated, treatment effects. Statistical heterogeneity was ex-
amined using the Cochran’s Q-statistic and a P-value of
less than 0.01 was considered significant. I* test was also
used to quantify heterogeneity (ranging from 0 t0100%).
P <0.01 for Q-test or I>50% indicated the existence of
heterogeneity across the studies. To minimizes the effect
of heterogeneity, random-effect model was used. All stat-
istical analysis in traditional meta-analysis was conducted
using STATA v15.0.

Additionally, we made inferences between two inter-
vention arms, such as A versus B, from indirect evidence
(from combining studies through another intermediate
comparator C) [18]. Network Meta-Analysis (NMA) is a
technique to meta-analyze more than two interventions
at the same time. Using a full Bayesian evidence net-
work, all indirect comparisons are conducted to arrive at
a single, integrated, estimate of the effect of all included
treatments based on all included studies. Thus, even if
there are no known comparisons for the investigated
intervention, a network meta-analysis still can estimate
the potential effect of this intervention based on existing
head-to-head trials. We performed this network meta-
analysis with a random-effects model based on a Bayes-
ian framework using Markov Chain Monte Carlo
methods in WinBUGS and R v3.0.2. To rank the treat-
ments based on efficacy and safety, a probabilistic ana-
lysis was performed to estimate rank probabilities based
on NMA, and the rank probabilities were summarized
for each intervention in order to obtain the surface
under the cumulative ranking curve (SUCRA). SUCRA
analysis could illustrate the outcome percentages of
every treatment relative to an ideal treatment, which al-
ways ranks first without uncertainty. The inconsistency
refers to disagreements between direct and indirect evi-
dence [19], and was estimated by the node-splitting
method which generates P values for the null hypothesis
that there is no significant inconsistency between direct
and indirect evidence [20]. In case of significant inconsist-
ency, we investigated the distribution of clinical and meth-
odological variables that we suspected might be potential
sources of either heterogeneity or inconsistency in every
comparison-specific group of trials.
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Finally, we produced a clustered ranking plot including
SUCRA value for efficacy on the x-axis and SUCRA
value for tolerability on the y-axis. Cluster analysis dem-
onstrated the division of treatments into distinct group-
ings according to efficacy and tolerability profiles.

Result

Study characteristics and risk of bias assessment

A total of 2231 records were identified through the pri-
mary search, combined with additional 165 studies
searched through ClinicalTrials.gov website (Fig. 1).
Within these 2396 references, 741 were identified as in-
eligible due to duplication, leaving 1655 studies for se-
lection, of which 1614 proved ineligible on the basis of
titles, abstracts and full-text screening, leaving 34 eligible
studies. 21 RCTs from 34 articles [21-54] involving 10,
187 newly diagnosed CP-CML patients were included in
this network meta-analysis. The characteristics of the in-
cluded trials are summarized and presented in Table 1
and Additional file 1: Table S1. 20 trials (95.24%) de-
scribed an adequate random sequence generation, and
adequate treatment allocation concealment in 18 trials
(85.71%). Double-blind (patients and treatment execu-
tors) strategies were carefully performed in 15 trials
(71.42%), and blind strategies for objectively outcome as-
sessors were involved in 20 trials (95.24%). The detailed

Page 4 of 14

assessment of the risk of bias is provided in Additional
file 1: Table S2 and Additional file 2: Figure S1.

Network geometry

The six network graphical structures for each outcome
display the available direct comparisons of the network
of trials organized from the included RCTs (Fig. 2). The
recommended standard treatment “imatinb 400 mg QD”
were thoroughly compared against every other treat-
ment. Novel drug, such as ponatinib, radotinib and
bosutinib were only compared against standard treat-
ment “imatinib 400mg QD”. MMR and CCyR within 12
months (Fig. 2a—b) were reported in almost all trials (21
RCTs including 10,187 patients and 19 RCTs including
9673 patients, respectively), progression to AP-CML and
serous AEsc (Fig. 2c—d) were reported in quite limited
trials (8 RCTs including 5712 patients and 10 RCTs in-
cluding 4152 patients, respectively), whereas overall dis-
continuation and discontinuation for drug-related
AEs (Fig. 2e—f) were both reported in 18 trials (8209 and
7411 patients, respectively).

Direct pairwise meta-analysis

All treatments had at least one comparison with the
standard treatment “imatinib 400 mg QD”, and several
of them were directly compared with two or more other
treatments (Additional file 1: Table S3). As for efficacy,
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Fig. 1 Flow diagram of selecting relevant published RCTs regarding front-line treatments in newly diagnosed CP-CML
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Fig. 2 Network graphs of eligible trials assessing front-line treatments in newly diagnosed CP-CML for six outcomes. (@) MMR within 12 months;
(b) CCyR within 12 months; (c) Progression to AP-CML; (d) Serious AEs; (e) Overall discontinuation; (f) Discontinuation for drug-related AEs
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Imatinib 600meg qd Radotinib 400mg bid

Imatinib 800mg qd Radotinib 300mg bid

Nilotinib 300mg bid" Nilotinib 400mg bid

d Serious AEs

Imatinib 400mg qd

Dasatinib 100mg qd

Bosutinib 500mg qd

Bosutinib 400mg qd

Nilotinib 400mg bid

Nilotinib 300mg bid
Imatinib 800mg qd

f Discontinuation for drug-related AEs

Imatinib 400mg qd

IFN + Ara-C

Imatinib 400mg qd + Ara-C Dasatinib 100mg qd

Imatinib 400mg qd + IFN Bosutinib 500mg qd

Imatinib 600mg qd
Bosutinib 400mg qd

Imatinib 800mg qd Radotinib 400mg bid

Nilotinib 300mg bid Radotinib 300mg bid

Nilotinib 400mg bid Ponatinib 45mg qd

newer TKIs, such as dasatinib, radotinib, bosutinib, nilo-
tinib and ponatinib, showed higher efficacy than ima-
tinib in the first-line treatment of CP-CML patients, but
the traditional treatment, such as IFN-a and Ara-C, sug-
gested significantly lower efficacy when compared to
TKIs. Low-dose nilotinib (300 mg BID) and radotinib

(300 mg BID) had higher efficacy than high-dose niloti-
nib (400 mg BID) and radotinib (400 mg BID), respect-
ively. For overall discontinuation, traditional drugs
showed higher dropout rate than TKIs. As for the dis-
continuation specially caused by drug-related adverse ef-
fects, most treatments showed lower acceptability when
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compared to standard-dose imatinib (400 mg QD), such
as traditional drugs, newer TKIs and higher-dose ima-
tinib (600 or 800 mg QD). However, low-dose nilotinib
(300 mg QD) generated higher tolerability than stand-
ard-dose imatinib (400 mg QD). Moreover, standard-
dose imatinib (400 mg QD) showed least probability of
serious AEs when compared to other treatments. On the
whole, statistical heterogeneity was moderate, although
95% Cls were wide for several comparisons, which por-
trayed the small number of studies available for the pair-
wise comparison. Substantial heterogeneity was observed
when comparing imatinib 400 mg QD with nilotinib 400
mg BID (I* = 75.7%) for MMR or imatinib 400 mg QD +
Ara-C (I” = 87.3%) for CCyR. Nevertheless, there was no
evidence showing heterogeneity in other pooled results
of the direct comparisons for the six outcomes.

Transitivity and consistency assessment

As there were no observed significant clinical differences
in distribution of effect modifiers between trials compar-
ing different sets of interventions, we considered that
the transitivity assumption was almost met (see Table 1
and Additional file 1: Table S1). All closed loops (net-
works of three comparisons that arise when collating
studies involving different selections of competing treat-
ments) were consistent, since the 95% Cls of inconsist-
ency factors (IF, the difference between the direct and
indirect estimate for one of the comparisons in a par-
ticular loop) included zero. Furthermore, inconsistency
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test by the node-splitting method indicated that there
was no significant inconsistency between direct and in-
direct evidence for nearly all P values were higher than
0.05 (Additional file 1: Table S4). Analysis of inconsist-
ency indicated that there was inconsistency in the loop
for “CCyR” (“imatinib 400 mg QD + Ara-C” - “imatinib
800 mg QD”), another loop for “discontinuation for
drug-related AEs” (“imatinib 400mg QD + Ara-C”
“imatinib 600 mg QD”) and none for other four out-
comes. Furtherly, we identified slight gender and sex dif-
ference across comparisons in these two loops, which
may account for the inconsistency.

Network estimation and cumulative ranking

Pooled ORs with corresponding 95% Cls for the efficacy
and tolerability of different treatments from the network
meta-analysis are shown in Table 2 and Additional file
1: Table S5. Rankograms that show the distribution of
the probabilities of every treatment being ranked at each
of the possible are presented in Additional file 2: Figure
S2, and Table 3 presents all SUCRA values in terms of
both efficacy and acceptability of each intervention. As
for primary outcomes in MMR and CCyR, higher-dose
imatinib (600 or 800 mg QD) and newer TKIs, such as
ponatinib, radotinib, bosutinib, nilotinib and dasatinib,
were all highly effective in comparison to standard-dose
imatinib, except that imatinib (600 mg QD) showed
lower effective in CCyR. Obviously, the traditional treat-
ment, such as IFN-a and Ara-C, generated significantly
lower efficacy when compared to TKIs. Among newer

Table 2 Efficacy and tolerability of all treatments for CP-CML according to Bayesian network meta-analysis

Discontinuation for Drug-related AEs

(OR with 95% Cl)

MMR within 12 months

(OR with 95% Cl)

105 196 0.00 0.83 125 324 295 2,06 259 201 151 188 6.67 018
(0.65,1.67) | (1.49,2.48) | (0.00,002) | (056,1.19) | (0.91,1.72) | (2.10,495) | (195 4.47) | (151,2.97) | (116,5.75) | (092,4.49) | (0.85,2.73) | (1.03,3.47) |(2.30,13.29) | (0.09,037)
1.04 187 0.00 079 119 3.08 281 198 244 191 144 1.80 623 018
(0.37,3.25) (1.10,3.12) [ (0.00,002) | (0.47,132) | (0.72,200) | (167,57a) | (166,292 [ (1.14,3563) | (0.99,6.35) | (0.78,2.91) | (0.70,3.14) | (0.85,3.92) (276, 14.84) | (0.07, 0.40)
232 223 0.00 0.42 0.64 166 150 105 122 102(0.46, | 0.77(0.42, 0.96 338 0.09
(1.00, 5.25) | (0.57, 8.59) (0.00,0.01) | (0.28,0.63) | (0.47,092) | (101,2.77) | (0.94,2.50) | (0.72, 1.69) | (0.58,3.11) 2.43) 1.51) (0.51,1.90) | (1.63,7.13) | (0.04,0.19)
24974 98173 896.95 53283 793.41 51389 366.00 57818 2007.28
3.25 313 1.41 38031 55.26
(40,67, (156.86, (143.78, (10357, | (10617, (84.50, (70.27, (87.08, (294.80,

(0, TAGH) | (@265, W54 (D28 7.67) 340.57) |62:20.5265:31[ 1364 gg) 12260.57) | 8822.02) | 1220672) | o426.49) | esaosa) | s39s08) | 3004578 |7:8%79517)
4.94 482 214 1.53 151 3.90 356 251 3.10 243 183 228 7.98 022
(1.68, 12.42)| (1.27, 13.22) | (0.55, 7.18) | (0.26, 7.09) (1.03,230) | (2.256.94) | (2.09,6.24) | (154,4.32) | (131,7.75) | (1.02,5.99) | (0.93,3.72) | (1.16,4.72) |(3.67,17.70) | (0.10,0.47)
14.05 13.59 6.09 4.34 2.80 2.58 2.34 1.65 2.03 1.60 1.21 1.50 5.23 0.14
(4.15, 45.81) | (3.64, 45.20) |(1.37, 25.05)| (0.70, 25.58)| (0.96, 10.34) (151,435) | (141,387) | (106,265 | (0.87,4.91) | (069,3.77) | (0.62,2.36) [ (0.77,2.99) | (2.46,1134) | (0.07,0.20)
128 123 055 039 0.26 0.09 091 064 079 062 047 058 203 0.06
(0.49,3.88) | (031,5.34) | (0.16,2.27) | (0.08,2.36) | (0.07,1.27) | (0.02,0.50) (057,1.50) | (038,1.14) | (0.33,1.99) | (0.26,1.55) | (0.23,0.98) | (0.28,1.25) | (0.91,4.69) | (0.02,0.13)
2.01 1.94 0.86 0.62 0.40 0.14 1.56 0.70 0.89 0.68 0,51 0.64 226 0.06
(0.94,5.50) | (0.65,6.77) [(0.29,3.17) | (0.14,3.32) | (0.14,1.75) | (0.04,0.66) | (0.54,4.89) (0.42,1.21) | (0.36,2.15) | (0.28, 1.68) | (025, 1.06) | (0.31,1.33) [ (1.01,4.98) | (0.03,0.19)
1.42 136 0.61 0.43 0.29 0.10 111 071 125 097 074 0.91 322 0.09
(0.71,2.81) | (035,4.64) | (0.21,1.77) | (0.09,1.95) | (0.09,1.07) | (0.02,0.41) | (0.29,355) | (0.20,1.90) (0.52,2.96) | (0.40,2.25) | (0.36,1.42) | (0.45,1.78) | (1.45,6.82) | (0.04,0.19)

154 1.49 0.66 0.47 031 011 121 078 1.09 078 058 072 258(0.87, | 007 (0.02,
(0.30,9.48) | (0.20, 11.59) | (0.11, 4.68) | (0.06, 4.88) | (0.05, 2.61) | (0.01,0.97) | (0.16,921) | (011,533) | (0.19,7.68) (035,1.68) | (022,1.59) | (0.27,1.98) |  730) 0.21)
414 3.98 1.79 127 0.85 030 324 2.07 2.97 2.65 075 0.94 327 0.09
(0.92,21.57)| (0.59, 28.95) [(0.32, 11.04)| (0.16, 10.94)| (0.15,6.28) | (0.04,2.28) | (0.49,21.49) | (0.33,12.57) |(0.56, 17.20)|(0.61, 12.05) (0.28,2.03) | (035,2.55) | (1.13,9.555) | (0.03,027)
153 147 0.66 0.47 031 011 119 077 1.08 099 037 124 4.40 012
(0.43,5.60) | (0.28,7.50) [ (0.15,2.97) | (0.07,3.10) | (0.07,1.71) | (0.02,0.65) | (0.22,5.52) | (0.14,3.23) | (0.25,4.60) | (0.12,8.04) | (0.05,2.62) (0.54,2.89) | (1.75,10.79) | (0.05,0.30)
418 410 182 132 085 0.30 334 212 297 2.70 101 2.76 354 0.10
(1.23,16.04)| (0.71, 21.04) | (0.39,9.21) | (0.20,8.18) | (0.18,4.79) | (0.05,1.75) | (0.60,15.91) | (0.41,8.98) |(0.71,13.61){(0.33, 21.78)| (0.14, 7.37) | (0.45, 17.06) (1.40,8.63) | (0.04,0.25)
2.86 y 3.8 2.77 181 0.63 6.80 432 6.29 5.75 2.14 5.64 2.05 0.03
(1.48, 87.98)((0.98, 104.39)|(0.54, 45.38) (0.28, 38.49)| (0.24, 23.29) | (0.07,8.06) | (0.82,87.32) | (0.54,48.99) |(0.93, 73.09)|(0.47, 95.73) | (0.19, 32.08)| (0.64, 78.19) | (0.24, 30.14) (0.01,0.08)
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Table 3 Surface under the cumulative ranking curve (SUCRA) data for six outcomes

Treatment Surface Under the Cumulative Ranking Curve (SUCRA)
MMR within 12 months  CCyR within 12 months  Progression  Overall Discontinuation Serious AEs
to AP-CML  Discontinuation  for Drug-related AEs

Bosutinib 400 mg qd 0428 0.684 0259 0318 0346 0572
Bosutinib 500 mg qd 0570 0416 0.872 0520 0719 0.581
Dasatinib 100 mg qd 0.624 0.736 0.302 0337 0312 0632
IFN + Ara-C 0.000 0.000 0.719 0.726 0476 -
Imatinib 400 mg qd 0.209 0335 0406 0383 0.158 0481
Imatinib 400 mg qd + Ara-C ~ 0.172 0340 0482 0.903 0.769 0483
Imatinib 400 mg gd + IFN 0.321 0411 0.350 0.653 0.958 0488
Imatinib 400 mg gd after IFN  0.071 0.076 - - - 0.159
Imatinib 600 mg qd 0449 031 0.254 0.352 0.187 0477
Imatinib 800 mg qd 0.682 0.730 0.388 0.525 0.576 0.528
Nilotinib 300 mg bid 0.791 0.759 0301 0372 0234 0.543
Nilotinib 400 mg bid 0.839 0.781 0.293 0416 0440 0.556
Ponatinib 45 mg gd 0.997 - 0419 0.649 0.837 -
Radotinib 300 mg bid 0.750 0.895 - 0.283 0343 -
Radotinib 400 mg bid 0.596 0538 - 0561 0.688 -

("-" means “can’t be evaluated”)

TKIs, ponatinib was identified to be the most effective,
and nilotinib, radotinib, dasatinib as well as bosutinib
showed relatively higher efficacy. Nilotinib (300 or 400
mg BID), dasatinib (100 mg QD), low-dose bosutinib
(400 mg QD) and higher-dose imatinib (600 or 800 mg
QD) showed lower probability of disease progression to
AP-CML. As for serious AEs, there were no significant
difference among studied treatments, SUCRAs of which
ranged from 0.477 to 0.632, except that SUCRA for ima-
tinib 400 mg QD after IFN was 0.159. In terms of dis-
continuation for drug-related AEs, standard-dose
imatinib (400 mg QD) was the most tolerable treatment,
and nilotinib (300 or 400 mg BID), dasatinib (100 mg
QD), higher-dose imatinib (600 or 800 mg QD), and
low-dose radotinib (300 mg BID) were better than other
treatments. Traditional drugs and newer TKIs showed
lower acceptability than imatinib, and the drug toxicity
were positively associated with drug dose. But as for
overall discontinuation, low-dose radotinib (300 mg BID)
suggested lowest treatment discontinuation, and ima-
tinib (400 or 600 mg QD), nilotinib (300 or 400 mg
BID), and low-dose bosutinib (400 mg QD) showed rela-
tively lower dropout rate than other treatments.

Cluster analysis

Utilizing the SUCRA values, we displayed a clustered
ranking plot of these treatments in the two dimensions of
the x-axis (efficacy as higher MMR within 12 months) and
the y-axis (tolerability as less discontinuation for drug-re-
lated AEs) in Fig. 3. Cluster analysis demonstrated the

division of treatments into eight distinct groups. One clus-
ter of interventions, which includes nilotinib (300 or 400
mg BID), radotinib (300 mg BID) and dasatinib (100 mg
QD), has relatively higher efficacy and tolerability com-
pared with other treatments. Ponatinib (45 mg QD) and
imatinib (400 mg QD) suggested highest efficacy and tol-
erability, respectively.

Reporting bias

The funnel plots seemed to be approximately symmet-
rical for four outcomes (MMR, CCyR, progression to
AP-CML and overall discontinuation), but rather asym-
metrical for serious AEs and discontinuation for drug-
related AEs, which suggests that several studied treat-
ments were favored more in small trials (Additional file
2: Figure S3).

Discussion

To our knowledge, this was the first to comprehensively
assess the comparative efficacy and tolerability of almost
all front-line treatments for newly diagnosed CP-CML
patients, involving 21 RCTs (10,187 patients). Our study
suggests both statistically and clinically significant differ-
ences among front-line treatments of newly diagnosed
CP-CML patients.

Regarding the efficacy, we focused on three important
indicators, early major molecular response (MMR, <0.1%
BCR-ABL1[IS]), complete cytogenetic response (CCyR,
<1% BCR-ABL1[IS]) and disease progression to AP-
CML. The prognostic significance of early MMR and
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Fig. 3 Comprehensive ranking (efficacy and tolerability) of front-line treatments in newly diagnosed CP-CML. (Efficacy is evaluated as MMR within
12 months and tolerability is evaluated as less discontinuation for drug-related AEs)

CCyR after first-line treatment has been evaluated in
several studies [55-57]. Achievement of MMR and
CCyR within 12 months is an established prognostic in-
dicator of long-term survival. Furthermore, achievement
of MMR within 12 months is associated with a very low
probability of subsequent disease progression and a high
likelihood of achieving a subsequent deep molecular re-
sponse. In addition, disease progression to AP-CML
while on drug therapy usually has worse prognosis than
de novo AP-CML. In terms of tolerability, we focused
on serious AEs, overall discontinuation and discontinu-
ation due to drug-related AEs during therapy at early
stage. Serious AEs refer to adverse effects in higher (3 or
4) grade, including non-hematological and hematological
adverse effects. Overall treatment discontinuation is in-
fluenced by many factors, including drug-related AEs,
refusal, failure to achieve complete hematologic re-
sponse, relapse and disease progression. However, as for
discontinuation for drug-related AEs, it specifically refers
to the safety of the therapeutic drug, which is more
likely to reveal actual drug tolerability.

The treatment of CML has undergone an evolution
with the advent of imatinib, which has significantly
changed the natural history of the disease with an in-
crease of 10-year OS from 10 to 20% to 80—-90% [6]. Ac-
cording to our study, standard-dose imatinib (400 mg
QD) proves to be of greater efficacy than traditional
drugs or the combination therapy of imatinib with trad-
itional drugs. However, several patients may have resist-
ance and/or intolerance to imatinib and these patients
require further treatment options, such as second-gener-
ation TKIs and ponatinib.

Our analysis suggests that patients receiving nilotinib as
initial treatment achieve faster cytogenetic and molecular
responses with a lower rate of transformation to more ad-
vanced phases of CML and relatively higher drug toler-
ability. Therefore, nilotinib might be an excellent choice
as front-line therapy in CP-CML due to greater potency
and selectivity for BCR-ABL1 kinase inhibition and higher
tolerability. However, some observed long-term toxicity
effects (particularly cardiovascular events and diabetes
mellitus) suggest that nilotinib should be used with cau-
tion in patients with cardiovascular risk factors and meta-
bolic syndrome [58]. Additionally, dasatinib (100 mg QD)
and radotinib (300 mg BID) demonstrates almost similar
efficacy and acceptability as nilotinib. Nilotinib, dasatinib
and bosutinib are second-generation TKIs approved in
many countries for CML following many international
multicenter trials, but radotinib is currently approved only
in Korea for this indication. High-dose imatinib (800 mg
QD), radotinib (400 mg BID) and bosutinib (500 mg QD)
demonstrates very low tolerability, thus they are recom-
mended only for patients in accelerated phase/blast phase
or with suboptimal CML-CP response. Management of
adverse events should be carried out to avoid compromis-
ing the clinical efficacy. Ponatinib, the most recently ap-
proved TKI, was found to be of greatest probability of
MMR within 12 months, but relatively higher tendency of
treatment dropout. Ponatinib has demonstrated efficacy in
patients with refractory CML, but is associated with an in-
creased risk of arterial hypertension, sometimes severe,
and serious arterial occlusive and venous thromboembolic
events [16]. CML patients, with presence of the T315I
mutation, resistance or intolerance to other TKIs, may be
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an appropriate candidate for ponatinib therapy [16, 59].
As mentioned before, TKI drugs that can achieve faster
MMR are usually associated with low disease progression
and high likelihood of achieving a deep molecular re-
sponse. Our study suggests that newer-generation TKIs
generate faster molecular and cytogenic response. The pri-
mary goal of TKI therapy for CP-CML patients is preven-
tion of disease progression, which is more common in
patients with intermediate- or high-risk score. Therefore,
newer-generation TKI drugs with a low probability of dis-
ease progression are preferred for patients with intermedi-
ate or high risk. Almost all TKIs are more tolerated than
traditional drugs, and the difference in their potential tox-
icity profiles may influence the selection of initial therapy.
In terms of starting does of TKI drugs, only patients who
can actually tolerate the potential drug toxicity are recom-
mend to receive high-dose therapy.

The NCCN guideline recommends imatinib (400 mg
QD) and second-generation TKIs (dasatinib (100 mg
QD), nilotinib (300 mg BID) and bosutinib (400 mg QD)
as appropriate options for front-line TKI therapy for pa-
tients with CP-CML across all risk scores [15]. Addition-
ally, the previous two meta-analysis concluded that
nilotinib seems to be the best choice for first-line ther-
apy in CML patients, compared with the currently avail-
able TKIs on the international market [11, 12]. Unlike
the previous study, our study introduced the analysis of
new first-line TKI therapy, such as radotinib and ponati-
nib. One cluster of treatments including nilotinib (300
or 400 mg BID), radotinib (300 mg BID) and dasatinib
(100mg QD), demonstrates relatively greater efficacy
and tolerability than other treatments. Although pona-
tinb suggests highest efficacy in early cytogenetic and
molecular responses, its great side-effects and weak tol-
erability can’t be ignored. High-dose imatinib (800 mg
QD), radotinib (400 mg BID) and bosutinib (500 mg
QD) are recommended only for patients in accelerated
phase/blast phase or with suboptimal CML-CP response.
These results may have potential clinical implications,
which provide useful information for clinical decision-
making and should be considered in the development of
clinical practice guidelines. But during the clinical prac-
tice, the selection of front-line TKI therapy should be
based on several factors, such as risk score, patient’s
stage, ability to tolerate therapy, drug toxicity and the
present comorbid conditions [15].

Strictly speaking, we designed this NMA as standardized
by the PRISMA principle and conducted it carefully to
minimize errors and ensure the validity of findings from
all eligible trials. Nevertheless, there are also several limi-
tations to our research due to its nature or design. Firstly,
we just included limited number of trials, and several
drugs (such as radotinib, ponatinib) were only used in lim-
ited countries and areas. Secondly, although MMR and
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CCyR are important prognostic indicator, which are able
to represent the disease prognosis to some degree, we
were unable to perform the NMA of some important
prognostic outcomes directly for insufficient follow-up
data, such as overall survival (OS) and progression-free
survival (PES). Thirdly, we didn’t take the cost-effective
element into consideration, thus further cost-effectiveness
analyses are necessary to evaluate the economic feasibility.
Fourthly, some estimated results of this NMA relied on
indirect comparisons despite of no evidence suggesting
obvious inconsistency. Therefore, the application of our
study should take into account any limitations of the ana-
lysis and the specific clinical situation.

Conclusions

In conclusion, one cluster of treatments including niloti-
nib (300 or 400 mg BID), radotinib (300 mg BID) and
dasatinib (100 mg QD), might be an excellent choice as
front-line therapy in CP-CML due to superior efficacy and
tolerability than other treatments. High-dose TKI therap-
ies are recommended only for patients in accelerated
phase/blastic phase or with suboptimal CML-CP response,
and management of adverse events should be carried out
to avoid compromising the clinical efficacy. Results from
our study have potential clinical implications, which pro-
vide useful information for clinical decision-making and
should be considered in the development of clinical prac-
tice guidelines. In the future, more clinical trials will be
necessary to investigate further role of TKI therapy in CP-
CML patients. Furthermore, new TKI treatments with
higher efficacy or acceptability than the existing treat-
ments are urgently needed to be explored.
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