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ABSTRACT

Second-generation tyrosine kinase inhibitors (2G-TKIs) dasatinib and nilotinib 
produced historical rates of about 50% complete cytogenetic response (CCyR) and 
about 40% major molecular response (MMR) in chronic myeloid leukaemia (CML) 
patients failing imatinib. Direct comparisons between dasatinib and nilotinib are 
lacking, and few studies addressed the dynamics of deep molecular response (DMR) 
in a “real-life” setting.

We retrospectively analyzed 163 patients receiving dasatinib (n = 95) or nilotinib 
(n = 68) as second-line therapy after imatinib. The two cohorts were comparable 
for disease’s characteristics, although there was a higher rate of dasatinib use in 
imatinib-resistant and of nilotinib in intolerant patients.

Overall, 75% patients not in CCyR and 60% patients not in MMR at 2G-TKI start 
attained this response. DMR was achieved by 61 patients (37.4%), with estimated 
rate of stable DMR at 5 years of 24%. After a median follow-up of 48 months, 60% of 
patients persisted on their second-line treatment. Rates and kinetics of cytogenetic 
and molecular responses, progression-free and overall survival were similar for 
dasatinib and nilotinib. 

In a “real-life” setting, dasatinib and nilotinib resulted equally effective and 
safe after imatinib failure, determining high rates of CCyR and MMR, and a significant 
chance of stable DMR, a prerequisite for treatment discontinuation.
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INTRODUCTION

The introduction and worldwide diffusion of 
imatinib (IM) and, subsequently, second-generation 
tyrosine kinase inhibitors (2G-TKIs) has dramatically 
improved the prognosis of chronic myeloid leukaemia 
(CML) patients. Long-term follow-up of the IRIS study 
and the German CML-IV study reported estimated 
overall survival (OS) rates at 10 years with IM-based 
therapy around 82–83% [1, 2], close to that of the general 
population [3]. This excellent outcome is obtained despite 
that, in those two studies, 40 to 50% of patients interrupted 
IM therapy for unsatisfactory therapeutic efficacy or 
adverse events (AEs), outlining the efficacy of second-
line treatment. 

The first 2G-TKIs introduced in the clinical practice 
were dasatinib (DAS) and nilotinib (NIL), which had been 
initially tested in CML patients failing IM. When used in 
chronic phase (CP), both drugs result in around 50% of 
sustained complete cytogenetic response (CCyR) and 
40% of major molecular responses (MMR) [4, 5]. The two 
molecules have a favorable safety profile [6] and specific 
spectrum of activity against BCR-ABL1 kinase domain 
mutants [7]. 

However, due to the lack of direct comparative 
studies, it’s unclear whether any significant differences 
exist in terms of short and long-term activity among the 
two 2G-TKIs. Aim of our study was to describe efficacy 
of DAS and NIL in CP-CML patients after IM resistance 
or intolerance in a real-life setting. 

RESULTS

Patient characteristics

The present study included 163 CP-CML patients 
resistant or intolerant to IM that received either DAS (n 
= 95) or NIL (n = 68) as second-line therapy. Considering 
CML characteristic at diagnosis, the DAS and NIL cohorts 
were comparable for age, sex, BCR-ABL transcript type 
and risk scores (Sokal and EUTOS). Median duration of 
IM therapy was similar (DAS 19 months, range: 1–113; 
NIL 14 months, range: 1–149), but 27/95 patients (28%) 
received IM at doses >400 mg/day before DAS compared 
to only 9/68 (13%) before NIL (p = 0.03). There was a 
higher rate of switch to DAS than to NIL for secondary 
cytogenetic and/or molecular resistance (26/95, 27% vs 
7/68, 10%; p = 0.01) while more patients changed from 
IM to NIL due to intolerance (31/68, 46%, vs 21/95, 22% 
for DAS; p = 0.002). Rates of primary cytogenetic and/
or molecular resistance did not differ (47/95, 49% for 
DAS vs 28/68, 41% for NIL; p = 0.37), as other causes 
of switch (1/95, 1% for DAS vs 2/68, 3% for NIL; p = 
0.77). Hammersmith score was almost identical in the two 
groups. One patient in each cohort displayed a 2G-TKI-
sensitive ABL mutation at the time of IM failure, namely 

one M351T in a patient treated with DAS and one L364P 
in a patient treated with NIL (Table 1).

Cytogenetic and molecular responses after 
2G-TKIs

Complete cytogenetic response was attained in 
53/69 (77%) patients not in CCyR at the time of DAS 
start, compared to 27/37 (73%) patients not in CCyR at 
the time of NIL start (p = 0.81). Mean time to attain CCyR 
was similar (7.1 months for DAS and 5.3 months for NIL; 
p = 0.30). 

Major molecular response was achieved in 52/86 
(60%) patients not in MMR at the time of DAS start and in 
30/50 (60%) patients not in MMR at the time of NIL start 
(p = 1). Again, mean time to MMR was not different in 
the DAS and NIL cohorts (12.4 vs. 8.5 months; p = 0.14).

Deep molecular response was attained in 39 patients 
with DAS (41% of the total DAS population and 75% of 
those achieving MMR) and in 22 patients with NIL (32% 
of the total NIL cohort and 73% of those with MMR) (p 
= 1). 

Patients switched to 2G-TKIs for IM intolerance had 
better rates of response as compared to patients switched 
for IM resistance: CCyR 90% vs 72% (p = 0.09), MMR 
77% vs 56% (p = 0.07), DMR 59% vs 34% (p = 0.009) We 
compared cytogenetic and molecular responses obtained 
with DAS or NIL in IM-intolerant and IM-resistant 
patients separately, and we found no differences between 
the two 2G-TKIs (Figure 1).

Cytogenetic and molecular responses according 
to 2G-TKIs dose

DAS starting dose was 140 mg once-a-day (OD) in 
5 patients (5%), 100 mg OD in 79 patients (83%), and 
less than 100 mg OD in 11 patients (12%). NIL starting 
dose was 400 mg twice-a-day (BID) in 33 patients (49%), 
300 mg BID in 26 patients (38%), and 200 mg BID in 9 
patients (13%). Proportions of patients starting at different 
doses of each 2G-TKI were not different according to 
reason of IM failure (i.e. resistance or intolerance). Rates 
of cytogenetic and molecular responses were similar 
across different starting doses, both in DAS and in NIL 
cohorts (Table 2).

During follow-up, 2G-TKI dose was permanently 
reduced in 28/95 (29%) patients receiving DAS and 
21/68 (31%) patients receiving NIL. Median time from 
2G-TKI start to permanent dose reduction was 28.6 
months for DAS and 10.8 months for NIL (p = 0.055). 
The main causes of permanent dose reduction were non-
hematological toxicities (n = 30), recurrent hematological 
toxicities (n = 6), or pro-active reduction in patients with 
stable molecular responses and at risk for cardiovascular 
events (n = 8). Overall, 90% of patients maintained or 
improved over time the level of molecular response 
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attained at the time of permanent dose reduction, without 
differences between DAS and NIL cohorts.

Stable deep molecular response after 2G-TKIs

Stability of molecular response was assessable in 
154 patients (DAS = 89, NIL = 65) with serial Q-RT-

PCR analysis over a time-span of at least two years. The 
characteristics of this cohort are comparable with those 
of the entire population, with a median age of 55 years, 
a prevalence of male sex (60%), low-intermediate risk 
(82%), b2a2 BCR-ABL transcript (52%), a median IM 
duration of 19 months and resistance as main reason of 
switch to 2G-TKI (70%). 

Table 1: Patients’ characteristics at diagnosis and at start of 2G-TKI

DAS (n = 95) NIL (n = 68) P
Age median, years (range) 58 (18–88) 54 (20–80) 0.43
Sex, M/F ratio 56/39 44/24 0.56
BCR-ABL:  b2a2
                     b3a2
                     both
                     other/unknown

38 (40%)
35 (37%)
16 (17%)
6 (6%)

30 (44%)
19 (28%)
7 (10%)
12 (18%)

0.72
0.31
0.23
0.04

Sokal:          Low
                     Intermediate
                     High
                     Unknown

32 (34%)
42 (44%)
19 (20%)
2 (2%)

31 (46%)
27 (40%)
9 (13%)
1 (1%)

0.17
0.68
0.36
1.00

EUTOS:      Low
                    High
                    Unknown

81 (85%)
8 (9%)
6 (6%)

59 (87%)
4 (6%)
5 (7%)

0.97
0.76
1.00

IM therapy median, months (range) 19 (1-113) 14 (1-149) 0.18
IM dose escalation 27 (28%) 9 (13%) 0.03
Hammersmith score (low/evaluable) 57/83* (69%) 42/57* (74%) 0.65
Reason for 2G-TKI: Primary resistance
                    Secondary resistance
                    Intolerance
                    Other

47 (50%)
26 (27%)
21(22%)

1 (%)

28 (41%)
7(10%)

31 (46%)
2 (3%)

0.37
0.01
0.003
0.78

Figure 1: Rates of complete cytogenetic response (CCyR), major molecular response (MMR) and deep molecular 
response (DMR) in imatinib-resistant (IM-res) and -intolerant (IM-int) patients treated with second-line dasatinib 
(DAS) or nilotinib (NIL).
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Eighty-three patients (53.9%) never reached a 
DMR, 37 patients (24.0%) achieved an unstable DMR 
and 34 patients (22.1%) achieved a stable DMR. The 
cumulative incidence of stable DMR at 5 years was 
23.9% (95%CI: 15.3-31.7). (Figure 2A). Neither age, sex, 
risk, BCR-ABL transcript type, IM duration or 2G-TKI 
used correlated with the chance of attain a stable DMR; 
only the reason of switch to DAS or NIL was associated 
with such a response, as cumulative incidence of stable 
DMR at 5 years was 34% in intolerant patients and 19% 
in resistant patients (p = 0.058; Figure 2B). All but one 
patients subsequently attaining stable DMR had ≤10% 
BCR-ABL1 transcript level 3 months after 2G-TKIs start.

Long-term outcomes

With a median follow-up of 48 months (range 
1-147), 5-year TTF was similar for DAS (59.1%, 95%CI: 
47.9-68.7) and NIL (58.1%, 95%CI: 44.5-69.5; p = 0.62) 
(Figure 3A). Forty of 95 patients (34 42%) stopped DAS 
due to toxicity (22/40, 55%), resistance (13/40, 32%) or 
other causes (5/40, 12%). The commonest AEs leading 
to DAS permanent discontinuation were pleural effusion 
(n = 10), heart failure (n = 2) and arrhythmias (n = 2); 
we recorded one case of pulmonary arterial hypertension 
(PAH). Thirty-two patients received third-line therapy, 
namely NIL (n = 24), IM (n = 2), ponatinib (n = 2), 
bosutinib (n = 2) or other (hydroxyurea, n = 2). 

Twenty-six of 68 patients (38%) interrupted NIL 
for toxicity (14/26, 54%), resistance (9/26, 35%) or other 
causes (3/26, 11%). The most frequent toxicities causing 
permanent NIL stop were peripheral arterial obstructive 
disease (PAOD) (n = 4), cardiovascular events (n = 3), 
cutaneous adverse events (n = 2) and fluid retention (n = 
2). Nineteen patients were switched to alternative therapy 
with DAS (n = 13), ponatinib (n = 3), or bosutinib (n = 3). 

Five patients (4 in the NIL and 1 in the DAS 
group) received allogeneic stem cell transplantation for 
intolerance/resistance after their third-line TKI treatment 
(n = 4) or development of clonal abnormalities in the 
Philadelphia-negative cells (n = 1). 

In total, 6 patients (4 receiving DAS and 2 NIL) 
asked to stop therapy while in stable DMR: four of them 
are currently in treatment free remission after a median 
time of 25 months and two lost MMR and restarted 
therapy after 4 and 6 months, respectively.

We recorded 3 progressions to ABP in the DAS 
group and 1 in the NIL group. Sixteen patients in the DAS 
cohort died for CV events (n = 5), progression (n = 2), 
second neoplasms (n = 3), infection (n = 1) or physical 
deterioration/other causes (n = 5), compared to 9 deaths 
in the NIL cohort for CV event (n = 1), second neoplasms 
(n = 4), or physical deterioration/other causes (n = 4). 
Consequently, 5-year PFS was 85.5% (95% CI: 75.7–
91.5) for DAS and 87.6% (95% CI: 75.5–94.0) for NIL  
(p = 0.96) (Figure 3B) and 5-year OS was 87.9% (95% CI: 
78.6–93.3) for DAS and 89.1% (95% CI: 77.1–95.0) for 
NIL (p = 0.88) (Figure 3C). 

DISCUSSION

In this study, we analyzed the outcomes of second-
line 2G-TKI therapy in a “real life” setting of CML 
patients failing imatinib. We found higher rates of 
cytogenetic and molecular responses compared to those 
reported in the previous studies [4, 5], with a significant 
percentage of patients achieved a stable deep molecular 
response; more, we found that DAS and NIL are 
substantially equivalent and safe. 

In patients failing IM, selection of TKI is generally 
based on the safety profile and patient’s concomitant 
medical conditions, on the presence of BCR-ABL1 

Table 2: Cytogenetic and molecular responses according to 2G-TKI starting dose

DASATINIB (n = 95)
Starting dose 140 mg (n = 5) 100 mg (n = 79) <100 mg (n = 11) P
IM resistant/intolerant 4/1 65/14 6/5 0.12
CCyR 5/5 (100%) 41/55 (75%) 7/9 (78%) 0.58
MMR 4/5 (80%) 43/71 (60%) 5/10 (50%) 0.62
DMR 3/5 (60%) 31/75 (41%) 5/11 (45%) 0.83
Stable DMR 2/5 (40%) 19/79 (24%) 1/11 (9%) 0.35

NILOTINIB (n = 68)
Starting dose 800 mg (n = 33) 600 mg (n = 26) 400 mg (n = 9) P
IM resistant/intolerant 21/12 13/13 3/6 0.23
CCyR 17/21 (81%) 7/11 (64%) 3/5 (60%) 0.50
MMR 17/26 (65%) 8/17 (47%) 5/7 (71%) 0.44
DMR 12/30 (40%) 8/24 (33%) 2/7 (28%) 0.81
Stable DMR 6/33 (18%) 4/26 (15%) 2/9 (22%) 0.91
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mutations or on compliance to treatment [8, 9]. Second 
generation TKIs have never been compared head-to-
head in a prospective clinical trial, neither in the first- 
nor in the second-line setting, and a comparison of the 
results reported in the phase 2 studies that led to drugs’ 
registration are difficult because of different patient 
selection and protocol criteria [10]. A propensity score 

matching analysis in the front-line setting demonstrated 
that DAS and NIL offer similar response rates and survival 
outcomes [11]. Besides a few cost-effective analyses on 
second-line treatments after IM failure [12–14], the only 
experience focused on a comparison between DAS and 
NIL on clinical outcomes in IM-resistant or intolerant 
patients came from an online medical chart review of 

Figure 2: Cumulative incidence of stable deep molecular response in the whole population (A) and according to the reason of switch to 
2G-TKI (B).
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Figure 3: Time to treatment failure (A), progression-free survival (B) and overall survival (C) according to 2G-TKI treatment in CP-CML 
patients failing imatinib.
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597 CML patients treated by 122 haematologists and 
oncologists in the United States [15]. Although NIL was 
found to be associated with a longer PFS (p = 0.03) and 
a trend toward a better OS (p = 0.067), these results may 
have been biased by various factors, such as the low 
mean number of patients per physician (less than 5) and a 
median follow-up of less than 12 months. 

With the limits of all retrospective and non-
randomized studies, our analysis was carried on in 10 
haematological centers from North-Eastern Italy, with 
experience in CML management, including all consecutive 
cases fitting inclusion criteria to minimize selection bias. 

Our data suggest a similar efficacy of DAS and NIL 
after IM failure in CP-CML, with high rates of responses and 
excellent long-term survival. Interestingly, due to the earlier 
DAS availability In Italy, approximately two years before 
NIL, in the years 2007-08 we switched to DAS 24 patients 
compared to only 2 treated with NIL. So, it is arguable that 
a group of IM-resistant patients, that are known to respond 
less to 2G-TKIs than the intolerant ones [16], received the 
first available 2G-TKI, thus unbalancing the two cohorts; 
nonetheless, the long-term survival of DAS- and NIL-treated 
patients was almost identical and close to 90%.

Compared to the published data from clinical 
trials [4, 5], in our real-life experience the rates of CCyR 
and MMR were higher, around 70% vs 50% and 65% 
vs 40%, respectively. This may be due to both a longer 
experience with 2G-TKIs and lack of protocol constraints, 
enabling a steadier use of the drugs, as confirmed by a 
significant proportion of patients remaining in DAS and 
NIL treatment over time. Notably, after non-severe or 
recurrent toxicities, the 2G-TKI dose was permanently 
reduced in about one third of our patients, and 90% of 
them maintained or improved their molecular response 
after dose reduction, demonstrating the advantage of 
dose adaptation in clinical practice over the adherence 
to strict protocol rules. As a consequence, after a median 
observation time of four years, more than 50% of our 
patients were still in treatment with their second-line 
TKI, a figure almost double than those reported by Shah 
et al. for DAS [4] and Giles et al. for NIL [5]. Very few 
patients experienced the potentially life-threatening AEs 
described for both DAS and NIL [17, 18], as we recorded 
only one case of PAH under DAS and two cases of PAOD 
with NIL. More generally, safety profile of both drugs 
was acceptable, with 15–20% discontinuing therapy due 
to drug-related adverse events, figures in line with those 
previously reported for DAS [19] and NIL [5]. 

Long-term use of 2G-TKI in second-line treatment 
after IM failure resulted in about 40% of patients achieving 
the “safe haven” of DMR, with around 60% of them 
in stable MR4, a strong prerequisite for discontinuing 
treatment [20]. A recent work focused on the use of DAS 
or NIL as third-line treatment after failure of 2 previous 
TKIs showed that 16 out of 21 patients in this setting 

were able to gain and/or maintain an optimal molecular 
response and 4 of them stopped the treatment [21]. 
Though the number of patients who actually attempted 
discontinuation in our cohort is very small, these data 
suggest that the goal of treatment-free remission could be 
pursued also in patients receiving 2G-TKI after IM failure. 

To date, there are no clear indications to guide 
treatment of CP-CML patients failing IM [22]. The most 
widely used tools are BCR-ABL1 mutational status and 
patient’s comorbidities. At present, however, only a small 
and definitive number of mutations have been shown to 
confer insensitivity to DAS (V299L and F317L/V/I/C), 
NIL (Y253H, E255K/V, and F359I/V/C) or both (T351I)
[23], while the percentage of patients for whom a specific 
concomitant disease may preclude the use of one of the two 
2G-TKIs does not exceed 20% [24]. Our study indicates 
that, in a “real life” setting, both DAS and NIL are equally 
effective, with high rates of cytogenetic and molecular 
responses, good persistence on therapy with acceptable 
toxicity and a significant chance to achieve a stable DMR.  

MATERIALS AND METHODS

We retrospectively analysed a database of 
consecutive CML patients treated at 10 Italian 
haematologic centres between January 2007 and 
December 2015. The inclusion criteria were as follows: 
(1) age ≥18 years; (2) diagnosis of CP CML; (3) use 
of DAS or NIL as second-line therapy after resistance 
or intolerance to IM; (4) no evolution to accelerated or 
blast phase (ABP) at the time of DAS or NIL start; (5) 
no detection of BCR-ABL1 mutations known to confer 
resistance to DAS (V299L and F317L/V/I/C), NIL 
(Y253H, E255K/V and F359V/I/C) or both (T315I). All 
patients who met the required criteria were included in 
the analysis. We compared the characteristics of the two 
groups at the time of CML diagnosis and at the time of IM 
failure, including the cause of switch to 2G-TKI, duration 
of IM therapy, IM dose escalation and Hammersmith 
score to predict the probability of response to 2G-TKIs 
[25]. Starting dose of 2G-TKI, causes of prolonged (i.e. 
lasting ≥1 month) or permanent interruption, and causes of 
permanent dose reduction were recorded for each patient, 
along with the dynamics of molecular response upon dose 
modifications. Cytogenetic and molecular responses were 
evaluated according to the 2013 ELN recommendations 
[26]. Major molecular response (MMR) was defined 
as BCR-ABLIS ratio <0.1%. Deep molecular response 
(DMR4) was defined as BCR-ABLIS ratio ≤0.01% or 
undetectable disease with ≥10,000 ABL copies, i.e. MR4. 
Patients in MR4 lasting ≥2 years with at least a Q-RT-PCR 
test every 6 months and ongoing at the last follow-up were 
defined as in stable DMR.

Time to treatment failure (TTF) was calculated 
from the start of 2G-TKI to the earliest date of any of 
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the following events: progression to ABP, death for any 
cause at any time, treatment discontinuation for primary 
or secondary resistance or intolerance. Progression free 
survival (PFS) was defined as the time from the start 
of 2G-TKI to ABP or death. Overall survival (OS) was 
defined as the time from the start of 2G-TKI to the date of 
death from any cause. 

Statistical analysis

The baseline characteristics of patients and rates 
of AEs were compared between the groups of NIL- and 
DAS-treated patients using the Pearson chi-square or 
Fisher exact test for categorical variables and Mann–
Whitney U test for continuous variables. TTF, PFS, and 
OS were calculated using the Kaplan–Meier method, and 
the values were compared using the long-rank test. All 
tests were two-sided, and a p value < 0.05 was considered 
statistically significant. All statistical analyses were 
performed using the EZR package [27]. 

Author contributions

M. Tiribelli, M. Bonifacio and G. Binotto designed 
the study, analyzed the data and wrote the manuscript; 
A. Iurlo, F. Cibien, E. Maino, A. Guella, G. Festini, C. 
Minotto, E. De Biasi, F. De Marchi, L. Scaffidi, L. 
Frison, C. Bucelli, M. Medeot, E. Calistri, R. Sancetta, 
M. Stulle, N. Orofino, M. Krampera and F. Gherlinzoni 
provided clinical information; G. Semenzato, G. Pizzolo 
A. Ambrosetti and R. Fanin revised the manuscript. All 
Authors have read and approved the final version.

CONFLICTS OF INTEREST

M. Tiribelli, M. Bonifacio and G. Binotto have 
received speaker bureau and advisory board honorarium 
from Novartis, Bristol-Myers Squibb (BMS), Pfizer and 
Incyte, outside the present study. A. Iurlo have received 
speaker bureau from Novartis, Bristol-Myers Squibb 
(BMS), Pfizer and Incyte, outside the present study. All 
other authors declare no competing financial interests.

REFERENCES 

1.  Hochhaus A, Larson RA, Guilhot F, Radich JP, Branford 
S, Hughes TP, Baccarani M, Deininger MW, Cervantes F, 
Fujihara S, Ortmann CE, Menssen HD, Kantarjian H, et al. 
Long-Term Outcomes of Imatinib Treatment for Chronic 
Myeloid Leukemia. N Engl J Med. 2017; 376:917–27.

 2.  Hehlmann R, Lauseker M, Saußele S, Pfirrmann M, 
Krause S, Kolb HJ, Neubauer A, Hossfeld DK, Nerl C, 
Gratwohl A, Baerlocher GM, Heim D, Brümmendorf 
TH, et al. Assessment of imatinib as first-line treatment 
of chronic myeloid leukemia: 10-year survival results of 

the randomized CML study IV and impact of non-CML 
determinants. Leukemia. 2017; 31:2398–406. 

 3.  Bower H, Björkholm M, Dickman PW, Höglund M, 
Lambert PC, Andersson TM. Life expectancy of patients 
with chronic myeloid leukemia approaches the life 
expectancy of the general population. J Clin Oncol. 2016; 
34:2851–7. 

 4.  Shah NP, Rousselot P, Schiffer C, Rea D, Cortes JE, Milone 
J, Mohamed H, Healey D, Kantarjian H, Hochhaus A, Saglio 
G. Dasatinib in imatinib-resistant or -intolerant chronic-
phase, chronic myeloid leukemia patients: 7-year follow-up 
of study CA180-034. Am J Hematol. 2016; 91:869–74. 

 5.  Giles FJ, le Coutre PD, Pinilla-Ibarz J, Larson RA, 
Gattermann N, Ottmann OG, Hochhaus A, Radich JP, 
Saglio G, Hughes TP, Martinelli G, Kim DW, Novick S, 
et al. Nilotinib in imatinib-resistant or imatinib-intolerant 
patients with chronic myeloid leukemia in chronic phase: 
48-month follow-up results of a phase II study. Leukemia. 
2013; 27:107–12. 

 6.  Gambacorti-Passerini C, Aroldi A, Cordani N, Piazza R. 
Chronic myeloid leukemia: second-line drugs of choice. 
Am J Hematol. 2016; 91:67–75. 

 7.  Soverini S, Hochhaus A, Nicolini FE, Gruber F, Lange T, 
Saglio G, Pane F, Müller MC, Ernst T, Rosti G, Porkka 
K, Baccarani M, Cross NC, Martinelli G. BCR-ABL 
kinase domain mutation analysis in chronic myeloid 
leukemia patients treated with tyrosine kinase inhibitors: 
Recommendations from an expert panel on behalf of 
European LeukemiaNet. Blood. 2011; 118:1208–15. 

 8.  Jabbour E, Kantarjian H. Chronic myeloid leukemia: 
2016 update on diagnosis, therapy, and monitoring. Am J 
Hematol. 2016; 91:252–65. 

 9.  Hochhaus A, Ernst T, Eigendorff E, La Rosée P. Causes of 
resistance and treatment choices of second- and third-line 
treatment in chronic myelogenous leukemia patients. Ann 
Hematol. 2015; 94:133–40. 

10.  Rosti G, Castagnetti F, Gugliotta G, Palandri F, Martinelli 
G, Baccarani M. Dasatinib and nilotinib in imatinib-
resistant Philadelphia-positive chronic myelogenous 
leukemia: a “head-to-head comparison”. Leuk Lymphoma. 
2010; 51:583–91. 

11. Takahashi K, Kantarjian HM, Yang Y, Sasaki K, Jain P, 
DellaSala S, Ravandi F, Kadia T, Pemmaraju N, Daver 
N, Borthakur G, Garcia-Manero G, Jabbour E, Cortes 
JE. A propensity score matching analysis of dasatinib 
and nilotinib as a frontline therapy for patients with 
chronic myeloid leukemia in chronic phase. Cancer. 2016; 
122:3336–3343.

12.  Rogers G, Hoyle M, Thompson Coon J, Moxham T, Liu 
Z, Pitt M, Stein K. Dasatinib and nilotinib for imatinib-
resistant or -intolerant chronic myeloid leukaemia: A 
systematic review and economic evaluation. Health Technol 
Assess. 2012; 16:1–265. 

13.  Loveman E, Cooper K, Bryant J, Colquitt JL, Frampton 
GK, Clegg A. Dasatinib, high-dose imatinib and nilotinib 



Oncotarget14227www.impactjournals.com/oncotarget

for the treatment of imatinib-resistant chronic myeloid 
leukaemia: A systematic review and economic evaluation. 
Health Technol Assess. 2012; 16:1–137. 

14.  Li N, Yang X, Fan L, Totev T, Guerin A, Chen L, 
Bhattacharyya S, Joseph G. Nilotinib versus dasatinib 
as second-line therapy in patients with Philadelphia 
chromosome-positive chronic myeloid leukemia in chronic 
phase who are resistant or intolerant to imatinib: a cost-
effectiveness analysis based on real-world data. J Med 
Econ. 2017; 20:328–36. 

15.  Griffin JD, Guerin A, Chen L, Macalalad AR, Luo 
J, Ionescu-Ittu R, Wu EQ. Comparing nilotinib with 
dasatinib as second-line therapies in patients with chronic 
myelogenous leukemia resistant or intolerant to imatinib - 
a retrospective chart review analysis. Curr Med Res Opin. 
2013; 29:623–31. 

16.  Molica M, Massaro F, Breccia M. Second line small 
molecule therapy options for treating chronic myeloid 
leukemia. Expert Opin Pharmacother. 2017; 18:57–65. 

17.  Jabbour E, Deininger M, Hochhaus A. Management of 
adverse events associated with tyrosine kinase inhibitors 
in the treatment of chronic myeloid leukemia. Leukemia. 
2011; 25:201–10. 

18.  Steegmann JL, Baccarani M, Breccia M, Casado LF, 
García-Gutiérrez V, Hochhaus A, Kim DW, Kim TD, 
Khoury HJ, Le Coutre P, Mayer J, Milojkovic D, Porkka 
K, et al. European LeukemiaNet recommendations for 
the management and avoidance of adverse events of 
treatment in chronic myeloid leukaemia. Leukemia. 2016; 
30:1648–71.

19.  Shah NP, Guilhot F, Cortes JE, Schiffer CA, Le Coutre P, 
Brümmendorf TH, Kantarjian HM, Hochhaus A, Rousselot 
P, Mohamed H, Healey D, Cunningham M, Saglio G. 
Long-term outcome with dasatinib after imatinib failure in 
chronic-phase chronic myeloid leukemia: Follow-up of a 
phase 3 study. Blood. 2014; 123:2317–24. 

20.  Hughes TP, Ross DM. Moving treatment-free remission 
into mainstream clinical practice in CML. Blood. 2016; 
128:17–23. 

21. Ongoren S, Eskazan AE, Suzan V, Savci S, Erdogan Ozunal 
I, Berk S, Yalniz FF, Elverdi T, Salihoglu A, Erbilgin Y, 
Iseri SA, Ar MC, Baslar Z, et al. Third-line treatment with 
second-generation tyrosine kinase inhibitors (dasatinib or 

nilotinib) in patients with chronic myeloid leukemia after 
two prior TKIs: real-life dat a on a single center experience 
along with the review of the literature. Hematology. 2017 
Oct 9. https://doi.org/10.1080/10245332.2017.1385193. 
[Epub ahead of print].

22.  Jabbour E, Kantarjian H, Cortes J. Use of second- and third-
generation tyrosine kinase inhibitors in the treatment of 
chronic myeloid leukemia: an evolving treatment paradigm. 
Clin Lymphoma Myeloma Leuk. 2015; 15:323–34. 

23.  Soverini S, Rosti G, Iacobucci I, Baccarani M, Martinelli 
G. Choosing the best second-line tyrosine kinase inhibitor 
in imatinib-resistant chronic myeloid leukemia patients 
harboring BCR-ABL kinase domain mutations: how reliable 
is the IC50? Oncologist. 2011; 16:868–76. 

24.  Latagliata R, Carmosino I, Vozella F, Volpicelli P, De 
Angelis F, Loglisci MG, Salaroli A, De Luca ML, Montagna 
C, Serrao A, Molica M, Diverio D, Nanni M, et al. Impact 
of exclusion criteria for the DASISION and ENESTnd trials 
in the front-line treatment of a “real-life” patient population 
with chronic myeloid leukaemia. Hematol Oncol. 2017; 
35:232–6. 

25.  Milojkovic D, Nicholson E, Apperley JF, Holyoake TL, 
Shepherd P, Drummond MW, Szydlo R, Bua M, Foroni L, 
Reid A, Khorashad JS, De Lavallade H, Rezvani K, et al. 
Early prediction of success or failure of treatment with 
second-generation tyrosine kinase inhibitors in patients 
with chronic myeloid leukemia. Haematologica. 2010; 
95:224–31.

26.  Baccarani M, Deininger MW, Rosti G, Hochhaus A, 
Soverini S, Apperley JF, Cervantes F, Clark RE, Cortes JE, 
Guilhot F, Hjorth-Hansen H, Hughes TP, Kantarjian HM, 
et al. European LeukemiaNet recommendations for the 
management of chronic myeloid leukemia: 2013. Blood. 
2013; 122:872–84. 

27.  Kanda Y. Investigation of the freely available easy-to-
use software “EZR” for medical statistics. Bone Marrow 
Transplant. 2013; 48:452–8. 


