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Abstract

Background: The economic outcome research of approved tyrosine kinase inhibitors for treating the chronic phase of chronic
myeloid leukemia in developing is scarce. The aim of this study was to assess the cost-effectiveness of dasatinib and nilotinib for
newly diagnosed chronic myeloid leukemia patients.

Methods: A decision tree model was developed linking clinical effectiveness (defined as major molecular response) and/or complete
cytogenetic response, utility, and cost dataover a 12-month period. Patients are recruited from QatarCancerRegistry. Theprobability
of primary clinical outcome is calculated from DASISION (dasatinib) and ENESTnd (nilotinib) trials. Direct healthcare costs were
derived from the national healthcare payer system, whereas adverse effects data were derived from local incident reporting system.

Results: In the first-line treatments of chronic myeloid leukemia patients, nilotinib has greater major molecular response (39%
nilotinib vs 12% dasatinib) and complete cytogenetic response (24% nilotinib vs 16% dastinib) response outcomes, and more
adverse effects than dasatinib (13.3% vs 4%). Moreover, nilotinib is more cost-effective with annual costs (USD63,589.59) and after
12 months of follow-up. Despite the lower acquisition annual cost of dasatinib (USD59,486.30), the incremental cost-effectiveness
ratio of nilotinib (vs dasatinib) per major molecular response/complete cytogenetic response achieved was USD15,481.10 per
year. There were no cases in both arms that progressed to accelerated or blast phase. At a threshold of 3 times gross domestic
product per capita of Qatar and according to World Health Organization recommendation, the nilotinib use is still cost-effective.

Conclusion: Upfront therapy of chronic myeloid leukemia–chronic phase patients by nilotinib plan appears to be more cost-
effective than dasatinib.
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Introduction

Chronic myeloid leukemia (CML) is a malignant disease that

shows an acquired genetic anomaly as the final trigger in a

chronic myeloproliferative syndrome. CML is characterized

by a translocation between chromosomes 9 and 22, giving rise

to the formation of the so-called Philadelphia chromosome (Ph)

and the development of a new gene, BCR-ABL.1,2 It represents

approximately 10 to 15% of all cases of leukemia.3 Although

there is no clear evidence suggesting a particular ethnicity to

develop CML, a few reports have showed lower incidence rates

among Asian populations.4,5 A review established evidence

showed that the incidence of CML was 0.92 per 100,000 popu-

lations and no significant regional variation was found between

Europe compared to other countries.6 Additionally, CML is

more commonly seen among men and white race population7

with an average diagnosis age of 55 years.8 In the United

States, for example, the CML in chronic phase (CP) incidence

is 1 to 1.5 cases per 100,000 inhabitants.9,10

The treatment options depend on the phase of the disease,

either chronic, accelerated or blast phase.11 The patient’s age,

other prognostic factors and the availability of a stem cell donor

are also important factors in choosing a treatment. The tyrosine

kinase inhibitor (TKI) is currently the standard treatment for

the management of CMP-CP. Imatinib was the first TKIs in

CML and has been widely used due to its efficacy and safety

profiles compared to other second-generation TKIs including

nilotinib, dasatinib, bosutinib, and ponatinib.11

Resistance to imatinib, defined as a lack of complete hema-

tological response after 3 months of treatment or the lack of

cytogenetic response after 6 months of treatment or the lack of

a major cytogenetic response (Ph-positive cells > 35%) after 12

months of treatment,11 may be due to imatinib administration

or acquired during treatment as shown in previous studies.11,12

In such case of resistance, other treatment options should be

considered including dasatinib and nilotinib.13

In Qatar, dasatinib and nilotinib are licensed as formulary

medications in Hamad Medical Corporation (HMC), the main

public healthcare provider in the country, for the treatment of

adults with CML-CP with resistance or intolerance to prior ther-

apy.14 Also, they have been used as upfront line treatment mod-

alities to treat the same population. While many studies evaluated

the cost-effectiveness of second generation TKIs versus the first-

generation TKIs, there are relatively few studies that analyzed the

cost-effectiveness of dasatinib versus nilotinib for treatment of

CML-CP. Therefore, the current study sought to evaluate the cost-

effectiveness of nilotinib versus dasatinib as an upfront therapy

for the management of CMP-CP to create an informative analysis

of both HMC-approved treatment options for decision makers in

Qatar healthcare authorities as well to CML treating physicians.

Materials and Methods

Study Design

This study was a retrospective data review of CML patients at

National Center for Cancer Care & Research (NCCCR), HMC.

The eligible patients were treated with dasatinib or nilotinib

between January 2011 until December 2018. It used the

CHEERS guideline.

Study Setting

The study was undertaken from the perspective of NCCCR,

HMC (i.e. Qatar healthcare system perspective). HMC is the

principal public healthcare provider in the State of Qatar.

NCCCR is part of HMC and the premier and the only specia-

lized, tertiary hospital for cancer care in the country. It looks

after cancer patients who require ongoing treatments such as

chemotherapy and radiotherapy.

Ethical Considerations

The study was approved by HMC-IRB (ID #: MRC-01-19-

343). The study was a retrospective data review, thus informa-

tion of patients was gathered through the electronic medical

record of selected patients (Cerner®). There was no enrollment

of human subjects, hence no informed consent was necessary.

Study Population

Study population included all patients who received dasatinib

and nilotinib as upfront therapy for CML-CP collected between

1/11/2011-31/12/2018. CML-CP patients were treated as out-

patients as treatment options were administered orally. Patients

were included in the study if: (i) patients with confirmed diag-

nosis of CML-CP during the study period and resident in the

contributing registration areas; (ii) patients with good perfor-

mance status that qualifies to either drugs as decided by treating

clinicians; and (iii) age of 18 years and older. On the other

hand, patients were excluded if: (i) with incomplete records;

(ii) without a confirmed diagnosis /advanced stage of the neo-

plastic disease (accelerated or blast crisis phase); and (iii) did

not complete a 12-month follow-up since the initiation of any

of comparator TKIs.

Sample Size

The sample size was based on previously published study,15 on

the basis of major molecular response (MMR) rates of 25% and

50% at 12 months after random assignment to either treatments

and a significance level of 0.05 at the final analysis (2-sided).

Sixty patients in each treatment arm needed to be included to

detect a 25% difference with a power of 80% (w2 test). A total

of 120 patient records was included in the study.

Outcome Measure

The following are the target outcomes in this study: (i) achiev-

ing MMR and/or complete cytogenetic response (CCyR) at the

end of 12-month period of initiating either of treatment mod-

alities and (ii) overall medical cost of managing CML-CP

patients during 1-year period. Further, the study defined: (i) a

complete cytogenetic response (CCyR) “as absence of the Ph
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chromosome among at least 20 cells in metaphase in a bone

marrow”16; (ii) MMR is reached if the standardized BCR-

ABL:ABL genes ratio is less than 0.1%, which is equivalent

to a 4.5 log reduction from the 100% baseline for CML-naive

patients.16 Further, Sokal score was used as a prognostic tool to

predict response of these medications to therapy.17 Sokal risk

calculation is needed to plan the treatment regimen for CML

patients. It is based on spleen size, blood counts and blood

differential. It is widely used as prognostic tool for CML sur-

vival and treatment response prediction.

Model Structure

A model was developed utilizing decision tree model analysis.

All the patients were assumed to start with either of the follow-

ing treatments for CML-CP: (i) nilotinib 600mg daily (nilotinib

strategy) or (ii) dasatinib 100mg daily (dasatinib strategy).

The following responses to medical treatment after an initial

12-month treatment period was used to predict disease progres-

sion: (i) no response to treatment (NR) and (ii) achieved a

CCyR and/or MMR. The model was developed in Microsoft

Excel (Microsoft Corporation, Redmond, WA). Incremental

cost-effectiveness ratios (ICERs) were calculated and

expressed as cost per additional MMR and/or CCyR gained.

ICER calculation was carried out using such model to estimate

the cost-effectiveness of the comparators. Incremental cost-

effectiveness ratio was calculated using the following formula:

ICERð Þ¼ C1�C0ð Þ= E1�E0ð Þ

where C1 is the cost of the dasatinib; C0 is the cost of the

nilotinib; E1 and E0 are the consequences i.e. MMR and/or

CCyR, respectively. Costs for drugs and non-drug disease man-

agement that were obtained from central cashier system are

incorporated and summed up using Microsoft Excel®. For AEs,

incident reporting system was used and then gathered in excel

sheet. Costs were measured in Qatari riyal while clinical out-

comes were measured in MMR and CCyR.

The time horizon for this study was 1 year, and it was chosen

because the median follow-up available in the literature for

MMR and CCyR outcomes was at a 12-month period. Costs

and effects were not discounted, given the 1-year time horizon

to conduct this analysis. Moreover, there was no change in drug

pricing during the studied period (2011-2018). Drug acquisi-

tion is done through drug supply and by contracts with local

providers who may negotiate enlisting of new medications,

returned expiry medications, etc. as part of their business

model. Accordingly, fixed price of medications—in this

case—is at expense of other benefits, which is out-of-scope

of this analysis.

Economic Model Variables

(i) Clinical data. For each treatment option, base case primary

and secondary clinical outcome measures and their durations

was populated into the model. The choice of a 12-month period

was due to the evidence that the degree of short-term molecular

and cytogenetic responses at certain follow-up times was cor-

related with CML prognosis. Patients who achieved a CCyR or

MMR were shown to have high remission and overall survival

(OS) rates. Patients with newly diagnosed CML were adopted

from Qatar Cancer Registry. The probability of primary clin-

ical outcomes (MMR and CCyR) were calculated from DASI-

SION (dasatinib)18 and ENESTnd (nilotinib) trials,19 which

were applied for the percentage of responders and non-

responders independently, whereas adverse drug events

(ADEs) data were derived from local incident reporting system.

(ii) Cost data. The cost-effectiveness was performed from Qatar

healthcare system perspective, thus direct medical costs aggre-

gated by the hospital in relation to different treatment strategies

were included. Both treatment options were given as ambula-

tory with no other incurred costs. Direct medical costs included

cost of medications, management of ADEs, laboratory tests

during physician visitations (exchange rate: USD1 ¼
QAR3.65). Direct healthcare costs were derived from the

national healthcare payer system. The frequency of physician

visits to CML-CP patients are quarterly in their first year of

treatment and it get longer with more stable disease state. CML

patients are routinely treated by hematology consultants and

specialists.

Statistical Analysis

Baseline characteristics were analyzed using SPSS program

version 24 (IBM Corp. Released 2016. IBM SPSS Statistics

for Windows, Version 24.0. Armonk, NY: IBM Corp.).

Normality test was done to check for type of data distribution.

Frequencies (%), mean (standard deviation, SD) and median

(interquartile range, IQR) were used to describe the data.

Chi-square test was used for categorical data, and the student’s

t-test and Mann–Whitney test were used for continuous data

(alpha level ¼ 0.05).

Sensitivity Analysis

Due to potential uncertainty associated with our economic

model, variability in the values of many variables included in

our economic analysis, related to deterministic and probabilis-

tic input data were tested to assess the robustness of the model

and the resultant outcomes against any uncertainty. Moreover,

with such robustness, one would assume an increased general-

izability of the study results. This was carried out by including

these variables in isolation first and then the all input variables

were included in the final model.

Univariate sensitivity analyses were initially conducted to

evaluate individual inputs on outcome estimates. 10% of uncer-

tainty were used for clinical probabilities. Furthermore, the

CML clinician’s panel opinion was prompted to provide a

range of possible approximations for the proportion of patients

who may develop ADEs in both treatment arms. Costs of treat-

ment were allowed to vary between +20%. The costs of any

incurred diagnostic testing were allowed to vary between zero
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and twice the base case estimation. Time to response was var-

ied between 1 and 12 months. Multivariate sensitivity analysis

was also conducted to assess the uncertainty in the model input

parameters simultaneously. The model was re-run up to 10,000

times.

Four scenarios were considered in our model. These 4 sce-

nario analyses were designed to reflect on different median

time to MMR/CCyR responders or suboptimal responders

and/or non-responders, assuming an estimate for median

follow-up of 12 months in the first year of diagnosis. The

combinations of median follow-up in these 4 scenarios were

based on the possibility that there was either no overlap

between these scenarios and they were exclusively indepen-

dent. The subsequent scenarios assessed the reach to full

response of both dasatinib and nilotinib, yet with and without

developing ADEs that did not lead to discontinuation of these

drugs or the loss of remission of such drugs and the develop-

ment to progressed disease that necessitates other treatment

modalities.

Results

Patient’s Profile

There were 110 patients in the final analysis; 33 patients

(30.0%) on nilotinib, 25 patients (22.7%) on dasatinib, while

52 patients (47.3%) on imatinib. Out of these, 65.5% were

males (n ¼ 72), mean (sd) age of 46.6 years old (13.5) and

median (IQR) of 45.0 (34.8-60.0). A majority of the patients

were non-Qatari (n¼ 97; 88.2%). Based on the 2 study groups,

33 patients were on nilotinib and out of these, 22 (66.7%) were

males, 11 (33.3%) were females and mean (sd) age of 45.8

(13.0). For the dasatinib group, 22 patients (88.0%) were males,

3 patients (12.0%) were females and mean (sd) age of 46.3

(14.1). Further statistical analyses showed that there were no

significant differences between the 2 studied groups in terms of

gender (P ¼ 0.060) and age (P ¼ 0.981). Based on the baseline

Sokal score calculation for both treatment arms, they are com-

parable between dasatinib and nilotinib across different risk

strata; low, intermediate and high. In high risk patients, it was

28% vs 39.4%; 44% vs 36.4% in the intermediate risk patients;

and 28% vs 24.2% in low risk patients in dasatinib and nilotinib

treatment arms, respectively.

Economic Analysis

Analysis was conducted at a period of 1 year. Table 1 gives an

overview of patient success probabilities (response), total

annual cost of each strategy, and attained ICER of those stra-

tegies. An incremental cost-effectiveness analysis of the

dasatinib-first strategy and the nilotinib-first strategy was then

planned. Nilotinib achieved a higher success of achieving

MMR/CCyR of 55% compared to 28% with dasatinib, associ-

ated with a cost saving of QAR 121,044 (33,244 USD) per

additional case of success. The ICER of the dasatinib-first

strategy yielded negative ICER; thus, the strategy was domi-

nant and cost-effective.

Following responses in both CML patients’ groups, higher

MMR (39% nilotinib vs 12% dasatinib) and CCyR (24% nilo-

tinib vs 16% dasatinib) response outcomes were in the nilotinib

treatment arm compared to dasatinib, and more ADEs than

dasatinib (13.3% vs 4%). Nilotinib was more cost-effective

with annual costs USD58,695 (QAR217,125) and after

12 months of follow-up. Despite the slight higher acquisition

annual cost of dasatinib i.e. USD64,045 (QAR232,102), the

ICER of nilotinib versus dasatinib per MMR/CCyR achieved

was USD20,183 (QAR73,483) per patient per year in favor of

nilotinib therapy. There were no cases in both arms that pro-

gressed to accelerated or blast phase. At a threshold of 3 times

GDP per capita and according to WHO recommendation, the

nilotinib use is still cost-effective in Qatar’s context.

Base-Case Analysis

Compared to the dasatinib, nilotinib had an economic advan-

tage of USD20,183.48 per patient and a 55% successful cure

rate, compared to 28% (Table 1).

Sensitivity Analysis

There was a potential uncertainty associated with economic

model inputs obtained from medical records. Hence, variations

in the values of key variables of the economic analysis, related

to probabilistic input data were analyzed to assess the robust-

ness of the baseline study conclusion against any uncertainty

and to increase the generalizability of results. Multivariate

probabilistic analysis with uncertainty of +5% was performed

for all model inputs. The model was re-run up to 10,000 times,

with a different simulated input value in each run. The sensi-

tivity analysis was run using a triangular type of value distri-

bution of Monte Carlo value distribution @Risk-7.5® (Palisade

Corporation, NY, USA). Variables and their uncertainty ranges

are listed in Figure 1.

One-way sensitivity analysis indicated that the model was

insensitive to changes in all the model’s variables.

Probabilistic Sensitivity Analyses

The probabilistic curve illustrates that nilotinib achieves cost

saving over dasatinib in 100% of cases, as seen in Figure 2.

Table 1. Base-Case Results.

Base case Comparator

Treatments Dasatinib Nilotinib
Expected annual cost $64,045.02 $58,695.35
Patient success (MMR/CCyR) 0.28 0.55
CE ratio $228,732 $107,688
Incremental cost �$5,349.67
Incremental effect 0.27
ICER �$20,183.48
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The tornado diagram in Figure 1 shows that the study out-

come was mostly influenced by the uncertainty in the response

rate (MMR/CCyR) with no ADE in the nilotinib group, while

the uncertainty in the failure with ADEs in nilotinib group had

the lowest impact on the outcome. Consequently, the

probabilistic sensitivity analyses suggested that the nilotinib-

first therapy was more cost-effective compared with the

dasatinib-first therapy in 100% of 10,000 Monte Carlo simula-

tions. The probability curve of the dominant option i.e.

nilotinib was generated to present the probabilities of
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cost-effectiveness as shown in Figure 2. The nilotinib-first

strategy showed being a cost-effectiveness option in the

simulations.

Discussion

In this report, we assessed the cost-effectiveness of 2 new gener-

ation treatment strategies in Qatari patients with newly diagnosed

CML in the chronic phase. The main finding identified nilotinib

as the more cost-effective strategy in terms of incremental costs

per additional MMR/CCyR response gained. Analysis results

showed that the nilotinib-first strategy was a better option because

it cost less and better MMR/CCyR response than the dasatinib. Of

note, in our study, when it comes to MMR for both medications,

our patient population is different than those studied in landmark

studies in Europe and North America. Most of them are Asian and

Middle Eastern Arabs which creates the need to study the effect of

these medications on these ethnic groups. The need for cost-effec-

tive for both medications is inevitable. In the US for example, a

study investigated the price trend of cancer medications between

1995 to 2013 and an annual increase in price of 10% was

reported.8,18 Another report expected that cancer care in the

United States would reach $173 billion by 2020.7 Consequently,

the move to value-based oncology (VBO) is evitable.12 To

enhance patient access and evaluate economic impact of applying

both medications, cost-effectiveness analyses are useful in quan-

tifying possible cost associated with the new therapies through

making use of the best available evidence.

Sasaki et al (2016) studied the safety and efficacy of niloti-

nib and dasatinib in newly diagnosed chronic-phase chronic

myelogenous leukemia.20 Their findings suggested that niloti-

nib and dasatinib produce comparable response rates and toler-

ability among CML-CP patients with or without pre-existing

liver and/or renal dysfunction. Another study by Takasashi et al

(2016) reported that dasatinib and nilotinib offer similar

response and survival outcomes in propensity score matched

cohort of newly diagnosed CML-CP patients.21 Based on 2

discontinuation studies, nilotinib is the only TKI that has been

approved for the treatment-free remission label.22,23

Pavey and coworkers (2012) assessed the quality evidence

for the clinical effectiveness and cost-effectiveness of dasati-

nib, nilotinib and standard-dose imatinib.24 These drugs were

used for the first-line treatment of Philadelphia chromosome-

positive CML. Between dasatinib and nilotinib, the former was

not cost-effective if decision thresholds of £30,000 per QALY

(quality-adjusted life years) were used, compared with niloti-

nib. Li et al (2018) indicated a different outcome. In their study

for first-line treatment in Chinese patients who were first diag-

nosed with CML-CP, the nilotinib-first strategy exhibited a

lower utility and highest price compared to dasatinib.25 The

most common ADEs reported are hematologic toxicities e.g.

thrombocytopenia and neutropenia, and non-hematologic toxi-

cities e.g. gastrointestinal discomfort and rash. Those ADEs

were somehow comparable between both arms, yet none of

such ADEs necessitated the need to stop TKIs administration.

Strengths and Limitations

To our knowledge, this is among the first study to address the

surrogate outcomes of second generation TKIs in CML-CP

patients and the cost-effectiveness of each if applied as upfront

for those patients at first diagnosis during first year of diagnosis

in Qatar. It also reflects real world data of CML patients in

Qatar. Moreover, with good quality registry data in Qatar, there

was no missing data.

Nevertheless, the study had several limitations. Firstly,

our tree decision model was a simplification of real practice.

The treatments strategies and practice algorithms were

derived from our local CML expert clinicians, which are in

accordance to European LeukemiaNet Guidelines.26 Indivi-

dualized treatment modalities for certain CML patients were

not included in our model. All cost inputs into our model

were derived exclusively for the Qatar population, which

may limit the generalizability to other settings or countries.

Although Qatar may have a small population, it shares almost

the same structure as those of neighboring gulf states; Saudi

Arabia, United Emirates, Bahrain, Kuwait and Oman. This,

in turn, makes the study of value to them in terms of general-

izability of outcome(s). Moreover, a regional study in Middle

Eastern countries would be interesting, yet logistically

tedious. However, efforts are underway to conduct such

study. The costs included were from the governmental

healthcare system in Qatar. Moreover, the NCCCR is the

main center for cancer care in Qatar, with nationwide cover-

age of all CML patients; hence, treatments and costs included

represent the real practice in the country. Secondly, no util-

ities’ inputs were available for Qatar setting, which is a major

limitation when comparing QALYs and future utility studies

on Qatari population are warranted. Thirdly, the use of sur-

rogate markers; MMR and CCyR as outcome in our study

were based on expert panel opinion on TKIs final patient

outcome i.e. overall survival. Though the use of such markers

represents a viable biological response for these medications,

it may not be enough to establish such final outcome.

Accordingly, an empirical evidence to associate such surro-

gates and the survival at relevant follow-up time is needed.

Finally, the cost of the ADEs of both TKI medications was

not exhaustive of all possible ADEs, and again they were

based on the expert panel decision that no ADEs to either

of medications have led to discontinuation of medications

and accordingly no costs have incurred. Moreover, the non-

hematologic toxicities discussed were minor during the study

and again did not lead to stopping the medications. The

objective of the study was to analyze the cost and outcome

during the first year of initiating the medication because it

may give an idea about the overall performance of these

drugs on CML patients on long term. Of note, it would be

better to study the effects of long term ADEs which may

change the overall analysis and finding of our study. Thus,

further study to include this concern is warranted.

This is because the ADEs of either TKIs differed between

individuals and almost 95% of ADEs arisen during the first
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year of treatment initiation. However, a sensitivity analysis was

performed to check the robustness of variables included in

the model.

Conclusions

In summary, nilotinib was observed as a cost-effective strategy

versus dasatinib as first-line treatment for CML-CP in first year

of diagnosis. Decision was built in the context of Qatar health-

care system perspective. These results are intended merely to

provide clinicians and healthcare policy makers in Qatar with

better CML treatment decision making. In the present paper,

the model used includes different compilation of clinical out-

come data from different studies. This in turn mandates the

future need to carry out other studies once data become avail-

able on evidence-based patient-relevant outcome e.g. survival

or change in drug prices as generic drugs become available in

the country.
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