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Introduction
Chronic myeloid leukemia (CML) is a hemat-
opoietic stem cell disease characterized by a 
translocation between chromosomes 9 and 22; 
the Philadelphia (Ph) chromosome is formed by 
the fusion of the breakpoint cluster region (BCR) 
and the Abelson murine leukemia (ABL) genes. 
The tyrosine kinase inhibitors (TKIs) revolution-
ized the treatment of CML, and currently in 
patients with CML in chronic phase (CML-CP) 
the first-line treatment is based on targeted ther-
apy with TKIs. Imatinib is the first BCR-ABL1 
TKI approved for the treatment of CML, and 
frontline treatment with imatinib has dramatically 
improved major outcomes including molecular 
and cytogenetic responses, and survival in patients 
with CML-CP.1 Although imatinib is beneficial 
in many patients, approximately 40% of patients 
with CML-CP quit receiving imatinib due to fail-
ure and/or intolerance. Second-generation TKIs 
(2GTKIs) (dasatinib and nilotinib) have been 
introduced to provide greater efficacy in patients 
who were resistant or intolerant to imatinib.2,3 
Nilotinib and dasatinib were then approved for 
the upfront treatment of CML in some nations 
after Evaluating Nilotinib Efficacy and Safety in 

Clinical Trials – Newly Diagnosed Patients 
(ENESTnd) and Dasatinib Versus Imatinib 
Study in Treatment-Naive CML Patients 
(DASISION) trials.4,5 Another 2GTKI – bosutinib 
– and a pan-BCR-ABL1 kinase inhibitor – 
ponatinib – have recently been approved by the 
Food and Drug Administration (FDA) only for 
second- or later-line therapies.6,7 Most of these 
TKIs are utilized globally, whereas another 
2GTKI, radotinib (IY5511HCL, Supect®) has 
been recently introduced locally in South Korea.8 
Radotinib can be used in the second-line treat-
ment of CML-CP,9 and it is approved by the 
Korean FDA in the upfront setting.10

Radotinib

Pharmacodynamics and pharmacokinetics
Radotinib is an oral, high-affinity BCR-ABL1 
inhibitor that bears strong structural resemblance 
to imatinib and especially to nilotinib.9 According 
to recently conducted in vitro kinase assays, the 
IC50 (half maximal inhibitory concentration) 
value for radotinib against wild-type BCR-ABL1 
kinase was 34 nm, which is relatively lower 
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compared with the IC50 levels of c-kit (1324 nm), 
PDGFR (PDGFRα, 75.5 nm; PDGFRβ, 130 
nm; and SRC (>2000 nm). Also, radotinib effec-
tively inhibits the proliferation of common clones 
of BCR-ABL1, with the exception of T315I. In an 
off-target kinase assay to assess safety, DDR, 
EFHB, LYN, and PDGFR kinases were inhibited 
below the 180 nm level. Zabriskie and colleagues 
evaluated the efficacy of radotinib on mutant 
BCR-ABL1 clones, and they showed that rado-
tinib could be used for patients with common 
BCR-ABL1 mutations, except T315I.9 They also 
remarked that the resistance pattern of radotinib 
was almost the same as nilotinib, which was 
attributed to bio-similarity between nilotinib and 
radotinib.9

The BCR-ABL1 mutant sensitivity profile of rad-
otinib and the other five approved TKIs are 
shown in Figure 1. There were BCR-ABL1 kinase 
domain (KD) mutations sensitive to radotinib, 
including M244V, Q252H, V299L, F311I, 
F317L, M351T and H396R, and V299L/M351T 
and V299L/F317L compound mutations (marked 
in green in Figure 1), whereas G250E, F359C, 
and G250E/V299L and V299L/F359V com-
pound mutations were found to be moderately 
resistant to radotinib (marked in yellow in Figure 
1). Y235H, E255V, T315I, T315M, and Y253H/
E255V, Y253H/F317L, E255V/V299L, F317L/
F359V, M244V/T315I, and E255V/T315I com-
pound mutations were highly resistant to rado-
tinib (marked in red in Figure 1).9

Pre-clinical and clinical activities of radotinib
In a pre-clinical study, it was demonstrated that 
radotinib was superior to imatinib in both wild-
type and mutant BCR-ABL1 positive CML cell 
lines.11 It was also shown that there was no dose-
limiting toxicity with a dose up to 1000 mg/day of 
radotinib in a phase I study.12

Radotinib in patients with intolerance/
resistance to imatinib
Efficacy of radotinib in the salvage setting.  After 
the efficacy and safety profile of radotinib was 
shown in CML, Kim and colleagues performed a 
phase II trial for safety and efficacy of radotinib in 
the treatment of CML-CP patients with resis-
tance and/or intolerance to former lines of TKI 
treatment.8 Seventy-seven Asian patients with 
CML-CP were enrolled in the study; the starting 
dose of the study drug was 400 mg twice daily. 

Major cytogenetic response (MCyR) was achieved 
in 50 (65%) patients, including 36 (47%) with 
complete cytogenetic response (CCyR) by 12 
months. Rates of MCyR and CCyR were similar 
between imatinib-resistant and imatinib-intoler-
ant patients, but these responses were superior in 
patients without BCR-ABL1 mutations.8 There 
were 12 patients with a BCR-ABL1 mutation 
[four P-loop (G250E, Y253F + E355G, E255K, 
E255V), F359V in two patients, and one each of 
M244V, M244V + H396R, L387M, F317L, 
M351T, E355G], and in two patients ABL1 KD 
abnormalities (between exons 8 and 9, and dele-
tion of amino acids 363–386) were detected at 
baseline. During radotinib therapy, these findings 
were undetectable in only three patients, and 
baseline mutation(s) persisted in six cases after 12 
cycles of treatment. On the other hand, 6 out of 
63 patients without baseline KD mutation gained 
a new single-point mutation (E255V in two 
patients, and one each of F317L, T315I, F359V 
and E459K) during radotinib treatment.8 E255V, 
T315I and F359V are known to be highly and 
moderately resistant to radotinib, respectively, 
whereas, interestingly, F317L, which was detected 
in one patient, is known to be sensitive to rado-
tinib (Figure 1).9 IC50 value against E459K has 
not yet been described for radotinib, as well as for 
other TKIs, including imatinib, nilotinib, dasat-
inib and bosutinib.13 However, in a patient har-
boring V299L and E459K compound mutations, 
with second-line bosutinib therapy E459K 
mutant was successfully suppressed and the 
patient gained hematologic, cytogenetic and 
molecular responses.13

In terms of efficacy, the results of this phase II study 
were comparable to those achieved with other 
2GTKIs including nilotinib, dasatinib and bosuti-
nib after imatinib resistance or intolerance.14–16

Toxicity of radotinib in the salvage setting.  Among 
the grade III/IV hematologic adverse events 
(AEs), thrombocytopenia and anemia were 
observed in 24.7% and 5.2% of the patients, 
respectively. Fatigue (3.9%), asthenia (3.9%), nau-
sea (2.6%), myalgia (1.3%), rash (1.3%) and pru-
ritus (1.3%) were the grade III/IV non-hematologic 
AEs.8 The most common (⩾10%) grade III/IV 
biochemical abnormalities were hyperbilirubine-
mia (23.4%), followed by hyperglycemia (19.5%), 
elevations of alanine transaminase (ALT) (11.7%) 
and lipase (10.4%). Overall elevations of ALT and 
aspartate transaminase (AST) were observed in 
85.7% and 72.7% of patients, respectively. No 
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grade III/IV diarrhea was observed; diarrhea was 
experienced in four patients (5.2%). QTc interval 
prolongation (>30 ms change from baseline) was 
reported in six (7.8%) patients, and in five (6.5%) 
cases a QTc interval over 450 ms was detected, 
but none of these patients had an interval over 
480 ms.8

Almost half of the cases (33 patients; 42.9%) per-
manently quit the study drug within the 12 
months of treatment, and dose reduction or dose 
interruption had to be carried out in 68.8% and 
71.4% of the patients, respectively.8 The reasons 
for treatment discontinuation included abnormal 
laboratory tests (n = 15) and non-hematologic 
AEs (n = 3) (n = 18; 54.5%), disease progression 
(n = 8; 24.2%), death (n = 2; 6.1%, due to sep-
sis) and other reasons (n = 5; 15.2%). Overall 
radotinib discontinuation rates both in the origi-
nal study8 and in the 24-month update17 were 
also comparable to other studies as concluded by 
Kim and colleagues.18

Relatively higher rates of AEs and biochemical 
abnormalities of radotinib in the salvage setting 
raised some concerns,19 and the authors con-
cluded that as a starting dose the current 800 mg 
daily dose may be appropriate in the second-line 
setting, but the dose for frontline administration 
should be reduced; studies were ongoing for fur-
ther dose optimization.18

Radotinib in newly diagnosed patients with 
CML-CP
Prior to the utilization of radotinib in the context 
of first-line therapy, there were some 2GTKIs 
tested in the frontline treatment of patients with 
CML-CP. Nilotinib and dasatinib induced faster 
and deeper responses than imatinib when used in 
the upfront setting among patients with CML-CP 
in two prospective, randomized, international, 
and company-sponsored trials.4,5 These two 
2GTKIs were then approved in many countries 
for the treatment of newly diagnosed patients 
with CML-CP. Although bosutinib was proven 
to be efficient among imatinib-resistant or -intol-
erant cases and consequently approved for the 
salvage setting, it failed to demonstrate superior 
outcomes over imatinib in the Bosutinib Efficacy 
and Safety in Newly Diagnosed Chronic Myeloid 
Leukemia (BELA) trial.20 In the BELA trial, the 
primary endpoint was CCyR at 12 months. 
Although the rate of major molecular response 
(MMR) in the bosutinib arm was significantly 

superior than that of patients receiving imatinib 
(41% versus 27%, p < 0.001) as a secondary end-
point, the primary endpoint was not different for 
bosutinib (70%) versus imatinib (68%) (p = 
0.601); consequently, bosutinib was not approved 
as a frontline treatment option for patients with 
CML-CP since the primary endpoint was not 
met.20 Also it was shown that the rate of discon-
tinuation due to AEs was higher in patients receiv-
ing bosutinib 500 mg/day (19%) when compared 
to imatinib 400 mg daily (6%), which might be 
one of the reasons for the lower response rates in 
the bosutinib arm. Ponatinib is a potent TKI 
active against native and mutated forms of BCR-
ABL1, including T315I, and it was approved 
after the phase II PACE study demonstrating that 
ponatinib was highly active in heavily pretreated 
Philadelphia chromosome-positive leukemia 
patients.21 EPIC was a multicenter, international, 
randomized, phase III trial in which ponatinib 45 
mg daily was compared with imatinib 400 mg 
daily among newly diagnosed CML-CP patients.22 
Although ponatinib was shown to have improved 
efficacy over imatinib, this study was terminated 
due to arterial thrombotic events after a median 
follow up of 5.1 months.

Efficacy of radotinib in the upfront setting.  After 
being tested in patients refractory/intolerant to 
prior TKI therapies,8 radotinib was planned to be 
utilized in the first-line treatment of patients with 
CML-CP. In the clinical phase III Radotinib Ver-
sus Imatinib in Newly Diagnosed Philadelphia 
Chromosome and Chronic Myeloid Leukemia 
Chronic Phase Patients (RERISE) trial, which 
was first reported at the 57th American Society of 
Hematology meeting in 2015, Kwak and col-
leagues compared radotinib with imatinib among 
newly diagnosed Asian patients with CML-CP in 
terms of efficacy and safety.10 There were three 
study groups, including radotinib at 300 mg twice 
daily (n = 79), radotinib 400 mg twice daily (n = 
81) and imatinib at 400 mg once daily (n = 81). 
The study groups were equally balanced regard-
ing age, gender, race and Sokal risk scores. After a 
minimum follow up of 12 months, the rates of 
MMR were significantly higher in patients receiv-
ing the radotinib 300 mg dose (52%) and the 
radotinib 400 mg dose (46%) when compared to 
imatinib (30%), and the MR4.5 rates by 12 months 
were also higher for both radotinib 300 mg 
(15.2%) and 400 mg (13.6%) than imatinib 
(8.6%). The CCyR rates by 12 months were also 
significantly higher for radotinib 300 mg bid 
(91.1%) compared with imatinib (76.5%).10
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In a recently published systematic review and 
meta-analysis of randomized controlled trials, the 
authors compared newer TKIs (nilotinib, dasat-
inib, bosutinib, ponatinib and radotinib) with 
imatinib in terms of efficacy among patients with 
CML-CP in the upfront setting.23 The authors 
concluded that the newer TKIs were associated 
with greater MMR rates and lower rates of pro-
gression to advanced disease phases, but not with 
significant differences in CCyR, progression-free 
survival (PFS), overall survival (OS), or ABL1 
KD mutation rates relative to imatinib at 12 
months of TKI therapy.23 Also in this meta-anal-
ysis, it was shown that in the subgroup analyses 
performed among the newer TKIs, the treatment 
response was significantly better with nilotinib, 
dasatinib and radotinib than bosutinib or 
ponatinib (p = 0.01).23

Toxicity of radotinib in the upfront setting. The 
rates of grade III/IV thrombocytopenia were 
16.5%, 13.6% and 19.8% in patients receiving 
radotinib 300 mg bid, radotinib 400 mg bid and 
imatinib, respectively.10 Grade III/IV neutropenia 
occurred in 19.0%, 23.5% and 29.6% for rado-
tinib 300 mg bid, 400 mg bid and imatinib arms, 
respectively. The most common non-hematologic 
AEs (all grades) were skin rash (35.4% and 
33.3%), nausea/vomiting (22.8% and 23.5%), 
headache (19.0% and 30.9%), and pruritus 
(19.0% and 30.0%) in radotinib 300 mg bid and 
radotinib 400 mg bid, respectively; AEs in the 
imatinib group were edema (34.6%), myalgia 
(28.4%), nausea/vomiting (27.2%) and skin rash 
(22.2%).10 Discontinuation due to AEs or labora-
tory abnormalities occurred in 7 (8.8%), 16 
(19.8%) and 5 (6.2%) patients for radotinib 300 
mg, radotinib 400 mg, and imatinib, respectively.

Concluding remarks
The management of patients with CML-CP has 
undergone an evolution with the advent of 
imatinib. This drug has significantly changed the 
natural history of the disease, increasing 10-year 
OS from 10–20% to 80–90%.24 However, a subset 
of patients may have resistance and/or intolerance 
to imatinib and these patients require further treat-
ment options including 2GTKIs and ponatinib.

Nilotinib, dasatinib and bosutinib are the 2GTKIs 
approved in many countries for the treatment of 
resistant/intolerant cases following the interna-
tional multicenter trials conducted among differ-
ent racial or ethnic groups including Asians.14–16 

However, the radotinib trial, which was con-
ducted in the salvage setting, only included Asian 
patients,8 and this drug is currently approved only 
in Korea for this indication.

In addition to the use in the salvage setting, two 
2GTKIs (nilotinib, dasatinib) are approved in 
some countries for the treatment of patients with 
CML-CP in the upfront setting after the 
ENESTnd and DASISION trials, which also 
included patients from different ethnic groups 
including Asians.4,5 Following the RERISE trial,10 
radotinib was also approved by the Korean FDA 
for the management of CML-CP in newly diag-
nosed patients.

Until now, the total number of patients receiving 
radotinib 400 mg twice daily (both upfront and 
salvage settings) are 158, while 79 newly diag-
nosed patients received 300 mg twice daily.8,10 
These numbers are relatively small when com-
pared to most of the other 2GTKI trials, so as the 
cumulative ‘real-life’ data on the use of radotinib 
in daily care patients with CML mature, most 
probably we will be able to compare this 2GTKI 
with others more appropriately.

AEs may differ between different BCR-ABL1 
TKIs,25,26 and the rates of these AEs are not the 
same when these TKIs are administered in differ-
ent lines of treatment (first-line versus second-line 
or higher) and in different phases of the disease 
(CP versus advanced phases). Since the trials that 
led to the approval of other TKIs were conducted 
worldwide, the rates of AEs can vary if radotinib 
is administered in CML-CP patients across dif-
ferent racial/ethnic groups in different countries. 
Vascular adverse events (VAEs) are an emerging 
problem in patients with CML receiving 2GTKIs, 
especially in patients with pre-existing risk factors 
and comorbidities. TKI-related VAEs include 
peripheral, cerebral and coronary artery changes 
in patients receiving nilotinib, venous and arterial 
occlusive events during ponatinib therapy, and 
pulmonary hypertension in patients receiving 
dasatinib.27 In two radotinib trials,8,10 no such 
VAEs were reported to date, but the median fol-
low-up durations of these trials are relatively 
shorter than those of nilotinib and dasatinib stud-
ies. So with extended radotinib exposure, some of 
these VAEs may be observed among these patients 
in long-term follow up.

The improved outcome achieved first with 
imatinib and later with newer TKIs resulted in a 
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substantial increase in therapeutic expenses,28 
and the healthcare systems and reimbursement 
authorities most probably could not afford the 
expense of the original TKIs in the near future 
even in developed countries; generics at a lower 
price could improve treatment penetration.29 For 
example, in 2016 a group of experts anticipated 
that the per-patient, per-month cost of imatinib 
will drop 60–90% once it loses patent protection 
in the United States, while 2GTKIs dasatinib and 
nilotinib will hold their high costs steady.30 They 
concluded that from a US perspective, a generic 
imatinib-first strategy compared with the current 
standard of care would save an average of $91,163 
per patient in direct medical costs over five years 
among CML-CP patients, and imatinib will be 
the most cost-effective initial treatment strategy 
for CML-CP compared with dasatinib and nilo-
tinib.30 Similarly, the advent of radotinib helped 
to overcome the relatively high cost of TKI treat-
ment, and in South Korea the annual price of 
TKI treatment has dropped to between $21,000 
and $28,000 in 2013, most probably due to the 
approval of radotinib by the Korean health 
authorities (the annual price of radotinib was 
approximately $21,500).28 In the same time 
period, the annual cost of TKI treatment was 
much higher (annual prices range from $92,000 
to $138,000) in the US prior to the patent expira-
tion of imatinib.

To conclude, radotinib can be a reasonable treat-
ment option in the management of patients with 
CML-CP both in the salvage setting and in newly 
diagnosed cases. As it gives both the physicians 
and patients another treatment option, the utili-
zation of radotinib might further reduce the cost 
of TKI treatment in patients with CML-CP 
worldwide. However, the experience with rado-
tinib gained to date is relatively limited when 
compared to other 2GTKIs, and there is still a 
need for international, multicenter trials recruit-
ing more patients of different racial and ethnic 
groups with longer follow up in terms of evaluat-
ing the efficacy and safety of this 2GTKI.
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