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Abstract
Objective The aim of this study was to evaluate the cost effectiveness of second-line nilotinib versus dasatinib for the treat-
ment of Philadelphia chromosome-positive chronic myeloid leukemia (CML-CP) patients who are intolerant or resistant to 
imatinib and can transition to treatment-free remission (TFR).
Methods A partitioned survival model was developed to compare the cost effectiveness of nilotinib versus dasatinib. The 
model was developed from the Italian healthcare payer perspective and included the following health states: on second-line 
tyrosine kinase inhibitor (TKI), off second-line TKI, accelerated phase/blastic crisis, TFR, and death. Progression-free and 
overall survival curves were derived from patient-level data that compared nilotinib and dasatinib as second-line therapy in 
CML-CP patients who were resistant or intolerant to imatinib. Drug costs, healthcare costs, and adverse event costs were 
based on real-world evidence and publicly available databases. Cost effectiveness was estimated over a 40-year time horizon. 
Scenario analyses were performed by adjusting time horizon, TFR parameters, costs, and utilities.
Results Second-line nilotinib resulted in greater time spent in TFR (0.91 life-years), increased quality-adjusted life-years 
(QALYs) (1.89), increased life-years (2.16), and decreased per-patient costs (− 38,760 €). Therefore, nilotinib was strongly 
dominant compared with dasatinib in the base-case analysis. Nilotinib remained strongly dominant in most scenario analyses 
including shorter time horizon, exclusion of TFR, and varying TKI drug costs.
Conclusions While the model showed that nilotinib treatment of imatinib-intolerant or resistant CML-CP patients was more 
effective and less costly than dasatinib treatment, there is considerable uncertainty in the findings.

Key Points for Decision Makers 

Based upon real-world comparative effectiveness data, 
nilotinib treatment of previously-treated CML patients 
was found to dominate dasatinib treatment, by increas-
ing patient benefit at a reduced cost per patient. This 
finding stems from nilotinib inducing a greater molecular 
response, increasing patients’ years in treatment-free 
remission (TFR), and having a lower cost of drug treat-
ment.

Inclusion of TFR leads to greater cost savings and 
QALY gains and should be considered in future cost-
effectiveness analyses.
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1 Introduction

Chronic myeloid leukemia (CML) is a myeloprolifera-
tive disorder which, if untreated, can lead to bleeding, 
infections, organ failure, and death [1]. Global CML inci-
dence is 1–1.5 per 100,000 people [1], with Italy having a 
standardized incidence of 1.16 and 1.40 per 100,000 adult 
women and men, respectively [2]. CML is characterized 
in most cases by the presence of the Philadelphia chromo-
some (Ph) [1], wherein the chromosome 9 Abelson gene 
(abl) is fused with the chromosome 22 breakpoint cluster 
region gene (bcr) [3]. The abl gene expresses a tightly 
regulated tyrosine kinase responsible for cellular processes 
and critical to proper T-cell receptor signaling [4]. Tran-
scription of the bcr-abl gene results in a constitutively 
active fusion protein with tyrosine kinase activity that can 
lead to increased proliferation, decreased apoptosis, and 
dysregulated adhesion [1].

Standard of care for CML is treatment with a tyrosine 
kinase inhibitor (TKI) (i.e., imatinib, nilotinib, dasatinib, 
bosutinib, or ponatinib) [3, 5]. Tyrosine kinase inhibi-
tors induce molecular response (i.e., reduction of bcr-abl 
transcript levels) and improve progression-free survival 
(PFS) and overall survival (OS) [3, 5]. Indeed, TKIs have 
markedly improved patient survival, with 5-year OS in 
imatinib- and nilotinib-treated patients estimated to be 
91.7% and 93.7–96.2%, respectively [6]. An emerging goal 
of TKI treatment of CML is achievement of treatment-free 
remission (TFR), wherein patients can discontinue ther-
apy and maintain major molecular response [7]. Actually, 
the Gruppo Italiano Malattie EMatologiche dell’Adulto 
(GIMEMA; Italian Group for Hematologic Diseases of 
the Adult) CML Working Party (WP), in their recommen-
dations for managing CML, recently recognized TFR as 
the main goal for virtually all patients, including those in 
the second-line setting [8]. Patients are eligible to attempt 
TFR after achieving a deep molecular response, which is 
defined as molecular response 4  (MR4; BCR-ABL1IS < 
0.01%) or molecular response 4.5  (MR4.5; BCR-ABL1IS 
≤ 0.0032%) [9, 10]. Once in TFR, approximately 40% of 
patients remain in TFR and those that relapse remain sen-
sitive to TKIs [11].

With survival of CML patients approaching that of the 
general population, long-term TKI treatment can lead 
to budgetary pressures that could be alleviated through 
TFR and treatment discontinuation [12]. Indeed, recent 
budget impact analyses estimated that TFR could reduce 
total CML treatment costs in Italy by more than 54 mil-
lion euros over 7 years [13], in Lebanon by more than $7 
million (USD) over 4 years [14], and in Japan by over 
$66 million (USD) over 3 years [15]. Cost-effective-
ness analyses (CEAs) are also now demonstrating the 

impact of TFR in increasing quality-adjusted life-years 
(QALYs) and decreasing costs in first-line treatment of 
patients with CML with TKIs [16, 17], yet considera-
tion for TFR in CEAs of second-line treatment of CML 
has not been shown. Previous CEAs of second-line treat-
ment for patients with CML who are resistant or intoler-
ant to imatinib have compared second-line nilotinib and 
dasatinib [18–20] or second-line nilotinib, dasatinib, and 
high-dose imatinib [21–23]. These studies, however, have 
failed to consider TFR and therefore may underestimate 
the value of CML therapies approved for TFR [18–21].

The European Medicines Agency (EMA) has approved 
nilotinib  (Tasigna®) for use in newly diagnosed and pre-
viously imatinib-treated patients [24], but it is most com-
monly used after imatinib as a second-line option. Impor-
tantly, nilotinib is the only TKI approved, by the EMA, for 
physician-monitored TFR in select patients [24]. Dasatinib 
is another second-generation TKI recommended by the 
European Society for Medical Oncology (ESMO) clinical 
practice guidelines in cases of failure of first-line therapy 
(generally imatinib) and as an alternative to nilotinib [7]. 
The goal of this study was to assess the cost effectiveness of 
nilotinib in comparison with dasatinib in patients who are 
intolerant or resistant to imatinib, and can transition to TFR. 
The analysis was designed from the Italian healthcare payer 
perspective and was compliant with European LeukemiaNet 
(ELN) 2013 treatment switching recommendations [9].

2  Methods

2.1  Model Overview

No CEAs incorporating second-line TFR were identified; 
however, an existing model comparing the cost effective-
ness of second-line nilotinib and dasatinib was adapted to 
include the ability to model TFR as a health state. Based 
on this previously published model [18], a partitioned sur-
vival model (Fig. 1) was developed that compared nilotinib 
with dasatinib in eligible CML patients who were previously 
treated with imatinib. A hypothetical cohort of 1000 previ-
ously treated adults with Ph+ chromosome-positive chronic 
myeloid leukemia (CML-CP) requiring second-line nilotinib 
or dasatinib was modeled. A 40-year model duration was 
chosen to reflect a lifetime horizon, with 1-month cycles. 
The model assumed the perspective of the Italian health-
care payer, Servizio Sanitario Nazionale (National Health 
Service), and considered only costs related to healthcare 
resources. Half-cycle corrections and discounting (3% to 
costs and effects, as per Italian guidelines for value dos-
sier submissions issued by the Italian Medicines Agency) 
were applied [25]. The health outcomes for determining cost 
effectiveness were reported as life-years and QALYs.
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Modeled patients could be in the following health states: 
‘second-line TKI’, ‘TFR’, ‘off second-line TKI’, ‘acceler-
ated phase/blastic crisis (AP/BC)’, or ‘death’ (Fig. 1). All 
patients enter the model on second-line TKI in chronic 
phase (i.e., ‘second-line TKI’). Although the percentage of 
patients who could achieve and maintain  MR4.5 was avail-
able from ENESTop, the estimate from this clinical trial 
might not reflect second-line TFR eligibility in reality [26]. 
Fifty percent of patients remaining on second-line therapy 
and achieving  MR4.5 were assumed to maintain their deep 
molecular response and could transition to the TFR health 
state after 12 months, based on a more reasonable estimate 
from ENESTcmr [27]. Patients on nilotinib and dasatinib 
were both able to transition to TFR (based on ENESTop trial 
for nilotinib and the DASFREE trial for dasatinib) [26, 28]. 
Patients in TFR that relapsed returned to the chronic phase 
and did not become TFR eligible again. In line with the 2013 
ELN clinical guidelines for the management of CML [9], 
patients could transition from the ‘second-line TKI’ health 
state to the ‘off second-line TKI’ health state if they had an 
inadequate major cytogenic response (MCyR) by 12 months 
to their second-line TKI. These patients would start third-
line therapy (assumed to be bosutinib or ponatinib). Any 
patient on TKI treatment (but not in TFR) could transition to 
the AP/BC health state due to disease progression. Patients 
could die due to all-cause mortality while in any health state.

2.2  Model Inputs

As described previously, an existing model [18] used PFS 
and OS curves derived from patient-level data from a United 
States retrospective chart review that compared nilotinib and 
dasatinib as second-line therapy in Ph+ CML-CP patients 
who were resistant or intolerant to imatinib [29]. The extrap-
olated exponential curves were digitized and included in the 

present model as the only available data source for estimates 
of long-term comparative effectiveness. To determine eli-
gibility to transition to the TFR health state in our model, 
rates of  MR4.5 over time for nilotinib were obtained from 
the ENESTcmr trial, a 48-month, open-label, randomized 
phase III study that assessed deep molecular response rates 
in patients receiving second-line nilotinib [30]. Rates of 
 MR4.5 were not available for dasatinib and thus were esti-
mated through application of a hazard ratio (1.37) to the 
ENESTcmr data (Fig. 2) [31]. The hazard ratio was derived 
from comparative evidence from a real-world chart review of 
280 second-line CML patients that found nilotinib treatment 
to be associated with a significantly higher rate of achieving 
 MR4.5 than dasatinib [31]. Duration of second-line TFR was 
based on digitized TFR curves from the discontinuation tri-
als for nilotinib (ENESTop) and for dasatinib (DASFREE) 
[26, 28]. Prior to 12 months, the time on treatment (TOT) 
curve followed the PFS curve. After 12 months, the TOT 
curve was assumed to decrease at the rate of the OS curves 
specific to each treatment arm. The population starting age 

Death

Patient
death

Fig. 1  Schematic of the cost-effectiveness model. AP/BC accelerated 
phase/blastic crisis, CP chromosome-positive, TFR treatment-free 
remission, TKI tyrosine kinase inhibitor

Fig. 2  Proportion of patients with MR4.5 in model (calculated in 
model). MR4.5 molecular response 4.5

Fig. 3  Two-way sensitivity analysis varying the cost of dasatinib and 
nilotinib. Cost effectiveness is based on a willingness-to-pay thresh-
old of 87,330 €
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was set to 60 years old and 65% of the hypothetical cohort 
was male based on source data patient characteristics [18, 
29]. 

The average health utility of the Italian general popula-
tion is 0.92 [32]. Patients in TFR were assumed to also have 
a health state utility of 0.92, as these patients approached a 
‘functional cure’. The utility of the remaining health states in 
the model were determined by applying a disutility derived 
from data by respondents in the United Kingdom according 
to Szabo et al. [33], a multinational time trade-off preference 
survey conducted among patients with CML in Australia, 
the United Kingdom, Canada, and the United States. Disu-
tilities were 0.09 for second-line TKI and 0.22 for AP/BC. 
The disutility value for discontinued second-line TKI was 
assumed to be the same as second-line TKI (Table 1).

The model included CML-related drug costs, healthcare 
resource costs (including monitoring and resource utiliza-
tion), adverse event (AE)-related costs, and end-of-life costs 
reflecting €2020 values.

The daily dose of nilotinib and dasatinib were assumed to 
be 598.2 mg and 122.7 mg, respectively, based upon an anal-
ysis of real-world dosage [31]. Monthly drug costs for TKIs 
were 3040.02 € for nilotinib and 4748.73 € for dasatinib 
[34]. The monthly drug cost for discontinued second-line 
TKI (regardless of prior treatment) was 4490.42 €, which 
was calculated by weighting common third-line TKI treat-
ment, based upon real-world estimates of use of nilotinib 

(35%), dasatinib (40%), bosutinib (14%), or ponatinib (12%) 
[35]. Patients in TFR received no monthly drug acquisition 
costs, while patients in AP/BC were assumed to have drug 
acquisition costs of 6142.11 € (50% ponatinib and 50% 
bosutinib).

Costs of BCR-ABL monitoring and hematologist visits 
were included, with resource use patterns considered by 
health state. Hematologist visits were assumed to occur 
monthly in all health states at a fee of 21.22 €/visit [36]. 
BCR-ABL monitoring (208.49 €/test) was assumed to occur 
once every 3 months in all health states, except TFR, where 
it was assumed to occur monthly [7, 13, 36].

Rates of AEs were obtained from a real-world chart 
review of second-line TKIs conducted by Novartis (Sup-
plementary Table 1, see Electronic Supplementary Material 
[ESM]) [37]. Severe or life-threatening AEs (grade 3 and 4) 
were included in the model. It was assumed that the real-
world evidence values reflect 24-month rates. Adverse event 
rates were converted to a per-cycle probability in the model 
and applied to patients on second-line TKIs in each cycle up 
to month 24. The AE management cost per AE experienced 
was derived from hospitalization tariffs [38]. The assump-
tion that each AE required hospital resources is plausible 
given the severity of AEs included in the model, and is the 
same assumption used in an Italian CEA of ponatinib in 
CML [36]. Based on the costs and the frequencies of AEs 
for both treatments, nilotinib had a slightly lower calculated 

Table 1  Summary of model 
inputs

AP/BC accelerated phase/blastic crisis, CML chronic myeloid leukemia, CP chromosome-positive, MR4.5 
molecular response 4.5, TFR treatment-free remission, TKI tyrosine kinase inhibitor
a Utility decrements were applied to the assumed baseline utility of 0.92 for the Italian general population. 
Patients in TFR received no decrement

Model parameter Reference case value

Perspective Italian healthcare payer
Number of CML-CP patients 1000
Time horizon of analysis 40 years
Cycle length 1 month
Molecular response criteria for TFR eligibility MR

4.5

Cost of molecular monitoring 208.49 €
Cost of hematologist visit 21.22 €
Cost of molecular monitoring and physician visits (per month)
 Second-line TKI, off second-line TKI CP, AP/BC 90.71 €
 TFR 229.70 €

Drug costs (per month)
 Nilotinib (second-line TKI CP) 3040.02 €
 Dasatinib (second-line TKI CP) 4748.73 €
 Off second-line TKI CP (nilotinib, dasatinib, bosutinib, ponatinib) 4490.42 €
 AP/BC (bosutinib + ponatinib) 6142.11 €

Health state utility  decrementsa

 Second-line TKI and off second-line TKI CP 0.09
 AP/BC 0.22
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per-patient cost of managing grade 3 and 4 AEs than dasat-
inib (5.32 € vs 7.92 €).

End-of-life costs were assumed to be 8010.81 €, which 
is in line with the estimate for cost of death due to disease 
from previous Italian economic analyses for TKIs in CML 
[13, 36].

2.3  Scenario Analyses

The following scenario analyses were run to assess the 
robustness of the cost-effectiveness result to plausible or 
pessimistic alternative inputs: same  MR4.5 rate for dasat-
inib and nilotinib (hazard ratio 1.0), variable percentage of 
patients assumed to maintain sustained  MR4.5 for 12 months 
(43.6% and 77.3%, based on ENESTcmr and ENESTop, 
respectively [26, 30]), a shorter time horizon (10 years, 
consistent with the time horizon used by previous CEAs 
considering TFR [16, 17]), different discount rates (0% and 
5% [25]), reduced cost of dasatinib (by 50%), increased cost 
of nilotinib (by 50%), exclusion of AE costs, exclusion of 
AP/BC drugs costs, exclusion of end-of-life costs, exclusion 
of TFR, and variation in the TFR and general population 
utilities (0.85 and 1 as used in recent CML CEAs incorpo-
rating TKI discontinuation [16, 17], and utility of 0.85 for 
the TFR health state and utility of 0.92 for general popu-
lation). A two-way sensitivity analysis, where the costs of 
dasatinib and nilotinib were varied simultaneously, was also 
conducted to identify the prices at which nilotinib would 
remain cost effective against dasatinib.

3  Results

3.1  Base Case

The base case investigated the cost effectiveness of nilo-
tinib compared with dasatinib for the treatment of previously 

treated-CML patients. Second-line nilotinib was found to be 
strongly dominant over dasatinib (Table 2). Treatment with 
nilotinib, over a lifetime horizon, was associated with greater 
patient benefits including greater time spent in TFR (0.91 
life-years), increased QALYs (1.89), increased life-years 
(2.16), and less time spent in advanced disease (− 0.16 life-
years). Treatment with nilotinib also decreased per-patient 
costs (− 38,760 €). Per-patient cost savings mostly arose due 
to the additional nilotinib patients that transitioned to, and 
stayed within, TFR, as well as the lower monthly drug cost, 
compared with dasatinib.

3.2  Scenario Analyses

Nilotinib remained cost saving and more effective in most 
scenario analyses including shorter time horizon, alternative 
discount rates, varying the percentage of patients eligible 
for TFR, exclusion of TFR, and varying TKI drug costs and 
utilities (Table 3). Shortening the time horizon to 10 years 
further increased cost savings to an estimated − 63,898 € 
due to the shorter treatment duration for incurring nilotinib 
drug cost. With a longer time horizon, the higher OS asso-
ciated with nilotinib therapy would result in more patients 
alive and receiving therapy in the nilotinib arm compared 
with the dasatinib arm, thereby decreasing the incremental 
costs as in the base case. Exclusion of TFR and reducing the 
number of patients who could transition to TFR were asso-
ciated with increased costs and decreased QALYs for both 
dasatinib and nilotinib as the drug cost-offset and higher 
utility afforded by patients being in the TFR state were not 
considered. Although TFR was a driver of decreased incre-
mental costs for second-line nilotinib, exclusion of TFR still 
resulted in lower incremental costs (− 35,108 €) and higher 
QALYs gained (1.81) for nilotinib. Similarly, nilotinib was 
still associated with lower incremental costs (− 10,941 €) 
and higher incremental QALYs (1.85) even when dasatinib 
had the same rate of  MR4.5 for TFR eligibility. Scenarios 

Table 2  Discounted lifetime per-patient results by health state

2L second-line, AP/BC accelerated phase/blastic crisis, ICER incremental cost-effectiveness ratio, LY life year, QALY quality-adjusted life-year, 
TFR treatment-free remission, TKI tyrosine kinase inhibitor

Dasatinib Nilotinib Incremental

Costs (€) LYs QALYs Costs (€) LYs QALYs Costs (€) LYs QALYs

On 2L TKI 283,192 4.874 4.045 196,715 5.234 4.344 − 86,477 0.360 0.298
On TFR 3746 1.359 1.250 6242 2.265 2.083 2496 0.905 0.833
Off 2L TKI 87,128 1.585 1.315 144,867 2.635 2.187 57,739 1.050 0.872
AP/BC 128,646 1.720 1.204 116,637 1.559 1.092 − 12,009 − 0.161 − 0.112
Dead 5748 5239 − 509
Total 508,460 9.538 7.815 469,700 11.693 9.706 − 38,760 2.155 1.891
ICER Nilotinib was associated with higher numbers of LYs (2.155) and 

QALYs (1.891), and lower costs (− 38,760 €) versus dasatinib
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varying discounting rates, excluding costs, or varying the 
utility value of being in TFR also did not change the conclu-
sions of the base-case analysis. However, decreasing the unit 
cost of dasatinib by 50% and increasing the unit cost of nilo-
tinib by 50% led to scenarios with added costs (incremental 
cost-effectiveness ratios [ICERs] in the northeast quadrant), 
suggesting that the analysis is sensitive to TKI drug costs.

The results of the two-way sensitivity analysis vary-
ing the unit costs of nilotinib and dasatinib are shown in 
Fig. 3. Nilotinib remained the strongly dominant or cost-
effective strategy in most areas when comparing the ICERs 
at an informal willingness-to-pay threshold of 87,330 € per 
QALY for oncology drugs in Italy [39]. Nilotinib was the 
more preferred treatment strategy in tested scenarios with 
dasatinib cost reductions of up to 84% and nilotinib cost 
increases up to 195%.

4  Discussion

This study assessed the cost effectiveness of nilotinib com-
pared with dasatinib in the second-line treatment setting 
from the perspective of the Italian healthcare payer (National 
Health Service), and was compliant with switching recom-
mendations in the ELN 2013 guidelines and the emerging 
treatment goal of TFR in the Italian GIMEMA CML WP 
recommendations [8, 9]. To our knowledge, this model is 
the first to report on the cost effectiveness of second-line 
TKIs in CML considering TFR. Our model demonstrated 

nilotinib treatment of CML patients to strongly dominate 
(i.e., increased benefits and decreased costs) dasatinib 
therapy. The inclusion of TFR increased the estimated cost 
savings of nilotinib, emphasizing the value of nilotinib as 
the only marketed TKI with an approved product label for 
physician-monitored TFR in select patients. Importantly, 
nilotinib was found to be strongly dominant despite having 
attributed benefits of TFR to dasatinib, which does not have 
an approved TFR indication to support this.

The base-case results showed that over a 40-year time 
horizon, treatment with nilotinib rather than dasatinib led 
to a change of 2.16 life-years, 1.89 QALYs, and a decreased 
cost per patient (− 38,760 €). Compared with dasatinib, 
treatment with nilotinib, over a lifetime horizon, was asso-
ciated with greater time spent in TFR (0.91 life-years) based 
on estimated  MR4.5 responses (Fig. 2). Similar to the current 
analysis, Li et al. [18] found that in comparison with dasat-
inib, nilotinib was associated with better health outcomes 
(by 2.2 life-years and 1.9 QALYs) and lower total costs (by 
US$12,655). In contrast, the current analysis found greater 
cost savings (− 38,760 € vs − US$12,655) than Li et al. [18], 
likely due to the inclusion of TFR.

The scenario analysis where the percentage of patients 
eligible for TFR (due to maintenance of  MR4.5 response) 
was greater than the base case (i.e., 77.3%) further decreased 
incremental costs and increased incremental QALYs for 
nilotinib. Actually, in our analyses, nilotinib was strongly 
dominant or cost effective in all scenarios, despite dasat-
inib-treated patients also benefiting from TFR. Nilotinib 

Table 3  Scenario analysis results

AE adverse event, AP/BC accelerated phase/blastic crisis, MR molecular response, QALY quality-adjusted life-year TFR treatment free remission
a ‘Strongly dominant’ indicates that nilotinib was associated with lower costs and higher QALYs than dasatinib

Variable Test value Incremental 
costs (€)

Incremental 
QALYs

Cost per QALY Gained (€)a

Base case – 38,760 1.89 Strongly dominant
Time horizon 10 years – 63,898 0.63 Strongly dominant
Discount rate (costs & effects) 0% – 21,011 2.99 Strongly dominant

5% – 43,896 1.45 Strongly dominant
Dasatinib cost reduced 50% 88,276 1.89 46,687
Nilotinib cost increased 50% 63,372 1.89 33,516
Dasatinib  MR4.5 (hazard ratio with nilotinib) 1.0 – 10,941 1.85 Strongly dominant
Percentage of patients eligible for TFR 43.6% – 37,472 1.88 Strongly dominant

77.3% – 45,883 1.94 Strongly dominant
Utility of TFR and general population 0.85 – 38,760 1.74 Strongly dominant

1.0 – 38,760 2.06 Strongly dominant
0.85 for TFR only – 38,760 1.83 Strongly dominant

No TFR – 35,108 1.81 Strongly dominant
No adverse event costs – 38,714 1.89 Strongly dominant
No AP/BC drug costs – 26,926 1.89 Strongly dominant
No end-of-life costs – 38,251 1.89 Strongly dominant
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remained strongly dominant in the scenario that completely 
excluded TFR from the model.

Consideration of TFR can be important for calculating 
costs and QALYs in CEAs in CML [16, 17], yet other com-
parable CEAs of second- and subsequent-line TKIs did not 
consider TFR in their models, and also often lacked mature 
data and/or real-world data needed to accurately model long-
term effectiveness in a real-world setting [18–23]. These past 
CEAs have reported nilotinib to be more cost effective than 
dasatinib, similarly cost effective to dasatinib (in compari-
son with high-dose imatinib), or inferior to dasatinib [18, 
21–23]. The exclusion of TFR in previous studies neglects 
a key difference in the treatment benefits for nilotinib versus 
dasatinib, namely that nilotinib is associated with a signifi-
cantly higher rate of achieving  MR4.5 than dasatinib, result-
ing in a greater proportion of patients on nilotinib being 
able to transition to TFR [30, 31]. Early studies have been 
limited by the lack of long-term follow-up of randomized or 
single-arm trials and observational studies used to inform 
model inputs such as OS and PFS [19, 21, 22], as well as 
studies with long-term follow-up to inform durability of 
molecular response rates [22]. Generally, results that found 
nilotinib to be inferior or similar to dasatinib utilized rela-
tively immature clinical effectiveness data that were subject 
to large degrees of uncertainty. This limited conclusions that 
could be made around estimating life-years and QALYs used 
to compare cost-effectiveness between treatments. Previous 
CEAs also lacked detailed information on treatment adher-
ence that might be observed outside of a clinical trial setting 
[18, 19, 21]. This lack of treatment adherence data led to 
assumptions of 100% adherence, which may have led to an 
overestimation of treatment costs and overlooked potential 
differences in dosing between treatments. Our study uses 
data that has become available related to deep molecular 
response rates needed for TFR eligibility [30], comparative 
evidence on patient outcomes between TKIs from a real-
world chart review [31], and time in TFR [26, 28]. In studies 
using more mature and real-world data, such as the study by 
Li et al. [18], nilotinib has been found to be cost effective, if 
not strongly dominant, compared with dasatinib. The com-
bination of mature data, real-world estimates of dosing and 
 MR4.5 rates [40], and inclusion of TFR in this study led to 
the estimation that nilotinib strongly dominated dasatinib.

A major limitation of this study is a lack of head-to-head 
data comparing the efficacy of nilotinib and dasatinib and 
their respective molecular response rates. The best estimate 
of the comparative effectiveness for PFS and OS between 
nilotinib and dasatinib as second-line therapies in patients 
with CML-CP was found to be a real-world, retrospective 
medical chart review completed by Griffin et al. [29]. Fur-
thermore, this chart review was completed in the United 
States rather than Italy. The best relative estimate of  MR4.5 
rates between nilotinib and dasatinib was also obtained from 

a real-world chart review study by Cortes et al. [31]. A ret-
rospective review of adult CML patients treated at Italian 
hematologic centers also compared rates of deep molecular 
response between those who received second-line dasatinib 
(n = 95) versus nilotinib (n = 68) [41]. In contrast to Cortes 
et al. [31], the authors found that deep molecular response 
at  MR4 was not significantly different between patients who 
received dasatinib versus nilotinib. Given that the treatment 
guidelines and product label recommend a deep molecular 
response threshold of  MR4.5, the data from the Cortes et al. 
[31] real-world study was used in the present analysis, while 
the same  MR4.5 rate was used for nilotinib and dasatinib in 
a scenario analysis (hazard ratio 1). Importantly, even with 
the assumption of the scenario analysis, where nilotinib and 
dasatinib produce similar rates of  MR4.5, nilotinib remains 
strongly dominant.

Another limitation of this study is the lack of a probabil-
istic sensitivity analysis (PSA). The previously published 
model [18] that this economic evaluation was based on did 
not report a PSA. Given the lack of variance information for 
key efficacy parameters, the conjoint uncertainty surround-
ing all the parameter estimates that populated the model was 
not fully assessed.

This study also had several assumptions that should be 
acknowledged. First, similar to Li et al. [18], the same health 
state cost is applied for patients who discontinued their sec-
ond-line TKI, regardless of whether their second-line TKI 
was nilotinib or dasatinib. Second, for patients who achieve 
 MR4.5 (based on Kaplan-Meier curve from ENESTcmr), the 
model assumes 50% will maintain their  MR4.5 for a full 12 
months and be eligible to attempt TFR (i.e., 50% of patients 
will lose  MR4.5 response prior to TFR). This assumption was 
based upon data from ENESTcmr, which demonstrated that 
43.6% of patients maintained  MR4.5 for an additional year 
after at least 2 years of second-line nilotinib treatment; as 
no data exists for second-line dasatinib  MR4.5 maintenance, 
assuming the same rate as nilotinib was deemed reason-
able [27]. Data from ENESTop found that a much higher 
percentage of patients (77.3%) would maintain  MR4.5 for 
a year [26]. Therefore, assuming a 50% rate of eligibility 
to attempt TFR was considered to be a realistic and con-
servative estimate, as scenario analyses showed greater cost 
savings with higher rates of  MR4.5 maintenance. Third, the 
model assumes that 100% of patients eligible for TFR will 
choose to attempt TFR, which may not reflect real-world 
practice. Lastly, the TFR curve (i.e., the number of patients 
in TFR) is dependent on the  MR4.5 curve (which is based 
on the TOT curve). The TOT curve is based on the PFS and 
OS curves, which were derived from Li et al. [18]. To avoid 
curves crossing due to use of different datasets, we assumed 
a hierarchy of OS > PFS > TOT >  MR4.5 > TFR at any 
timepoint, such that the TFR curve will become the  MR4.5 
curve when they meet.
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Despite these limitations and assumptions, it is impor-
tant to stress that the model reflects evidence-based clinical 
decisions surrounding TFR as a treatment goal. Transitions 
through the model health states were informed by treatment 
recommendations from the ELN 2013 guidelines and real-
world data, thus demonstrating the economic benefits of 
assuming guideline adherence in clinical practice.

5  Conclusions

Based upon real-world comparative effectiveness data and 
the consideration for TFR, treatment of previously treated 
CML patients in the Italian setting with nilotinib was found 
to strongly dominate dasatinib treatment, by increasing 
patient benefit at a reduced cost per patient. This finding 
stems from nilotinib inducing a greater molecular response, 
more patient-years on TFR, and a lower cost of drug treat-
ment. Nilotinib also remained cost effective in all scenario 
analyses with alternative model assumptions and the major-
ity of the two-way sensitivity analysis examining lower unit 
costs of dasatinib, due to the efficacy and associated TFR 
benefits of nilotinib. As the new treatment goal for patients 
with CML, TFR is an effective cost-reduction strategy that 
warrants inclusion in any analyses comparing economic 
benefits of interventions. Future CEAs of subsequent-line 
treatment of patients with CML with TKIs should similarly 
consider TFR to avoid overestimating costs and underesti-
mating QALYs for treatments indicated for TFR. Further-
more, the use of real-world evidence should be a preferred 
alternative data source in the absence of direct head-to-head 
clinical trial data. Where possible, future studies should uti-
lize real-world effectiveness data to derive ‘real-life’ eco-
nomic conclusions that would be generalizable to patients 
and healthcare providers.
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