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Purpose: To date, litte evidence is reported about the real-life dosage of tyrosine kinase 
inhibitors prescribed in Italy. The present observational retrospective study aimed to 
evaluate the mean daily dose of nilotinib prescribed as first- and second-line therapy 
among patients suffering from chronic myeloid leukemia (CML) in settings of clinical 
practice in Italy.
Patients and Methods: Data were obtained from the administrative databases of a sample 
of Italian entities. All adult patients prescribed nilotinib were included from January 2013 to 
December 2016 if they were using it as first-line and from January 2015 to December 2018 
as second-line therapy. The mean daily dose was calculated considering the dosage between 
first and last nilotinib prescription date or last BCR/ABL test date.
Results: Among CML patients treated with nilotinib as first-line (N=87), the mean daily 
dose of nilotinib was 500.5 mg during a mean treatment duration of 798.9 days and of 
498.54 mg considering the last determination of BCR/ABL test (mean duration of 811 days). 
A total of 103 CML patients were prescribed nilotinib as second-line therapy; of them, 
80.6% had previously received imatinib, 17.5% dasatinib. The mean daily dose of nilotinib 
was found to be 566.3 mg with a mean time duration of 302.8 days, while when the last 
BCR/ABL test was taken into account (mean duration of 323.1 days), a mean daily dose of 
565.2 mg was detected.
Conclusion: The study reported on the real-world dosage pattern of a TKI for CML 
management. Our results compared with the dosage of nilotinib reported in datasheet 
(600 mg and 800 mg for first- and second-line, respectively) showed a trend of mean daily 
dose prescribed in clinical practice settings lower than the dosage currently indicated.
Keywords: BCR/ABL, dosage, nilotinib, real-world

Introduction
Chronic myeloid leukemia (CML) is a condition initiating in the hematopoietic 
stem cells, and it is characterized by the “Philadelphia chromosome”, a reciprocal 
translocation between chromosomes 9 and 221 that leads to the constitutive expres-
sion of fusion tyrosine kinase BCR-ABL1, an oncoprotein with deregulated tyro-
sine kinase activity.2 Overall incidence is in the range of 10–15 cases per million 
persons each year, with no major ethnic or geographic differences.1

The treatment landscape of CML experienced a breakthrough with the devel-
opment of tyrosine kinase inhibitors (TKIs) targeting BCR-ABL kinase activity, 
that are now regarded as the mainstay of CML treatment.3 Nowadays CML is 
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regarded as a chronic disease requiring long-term treat-
ments that aim to achieve a stable deep molecular response 
(DMR) yielding to therapy discontinuation and treatment- 
free remission.4 It has been reported a small but constant 
decrement of conditional probability of failure-free survi-
val independent from response or duration of TKI therapy, 
as around 5% of patients in remission continue to fail TKI 
therapy in an additional year.5 Most patients (in Western 
countries) newly diagnosed with CML in chronic phase 
have now reached a near normal life expectancy:6 an US 
study showed indeed a 5-year survival only slightly lower 
than that of the general population.7

According to the latest “European LeukemiaNet 2020 
recommendations” for treating CML,6 the goal of CML 
therapies is to ensure a good quality of life and a normal 
survival without life-long treatment.

First-line treatment in newly diagnosed CML patients 
should belong to TKI class. Specifically, the Food and 
Drug Administration (FDA) and the European Medicine 
Agency (EMA) have given approval to four TKIs as first- 
line treatment: the first-generation TKI imatinib and 
the second generation TKIs nilotinib, dasatinib and 
bosutinib.6,8–10 All these drugs can be used as second- 
line therapy while ponatinib, a third generation TKI, is 
approved for second and later lines and for patients with 
T315I mutation.4

Given that each TKI is recommended at a standard 
dose for the respective line of therapies, dose adjust-
ment/modification of TKIs is currently investigated in 
clinical studies and real-life settings.11 Indeed, there is 
increasing evidence towards therapy personalization 
with dose modifications throughout CML treatment to 
prevent and/or manage side effects while achieving and 
maintaining the cytogenetic and molecular responses.11 

In this direction, clinical trials showed dose reduction as 
a safe strategy and raise the question if dose reductions 
should be considered prior to treatment-free remission 
attempts.11 However, to date the recommendations are 
towards a proper utilization of TKI according to the 
dosage reported in the datasheet. To date, few studies 
have considered the dosage pattern of TKI in Italy, and 
are mainly focused on the first-generation TKI12–14 or 
to second-generation drugs among CML elderly 
patients.15,16 In this context, the present study aims to 
evaluate the mean daily dose of nilotinib as frontline 
and second-line therapy among patients with CML in 
Italian clinical practice settings.

Patients and Methods
Data Source
Data were collected from administrative databases of 
a sample of Italian Healthcare Entities geographically dis-
tributed throughout the national territory and including 
approximately 8.2 million health-assisted subjects. The 
databases queried were: beneficiaries database to collect 
information such as age and sex; pharmaceuticals database 
to get data on drug prescribed as Anatomical-Therapeutic 
Chemical (ATC) code, prescription date, marketing author-
ization code, number of packages and units per package; 
hospitalization database in which diagnosis and procedure 
codes classified based on the International Classification of 
Diseases, 9th Revision, Clinical Modification (ICD-9-CM) 
are reported; outpatient specialist services database that 
contains date, type and description activity of diagnostic 
tests and specialist visits. The patient code in each data-
base allowed data-linkage across all different databases. 
All the data presented were produced as aggregated sum-
maries, therefore individual patients cannot be identified 
either directly or indirectly. The study has been approved 
by the following local Ethics Committees of the Entities 
involved: Comitato Etico Lazio 1, ref. N. 47, approval date 
10/01/2018; Comitato Etico Lazio 2, ref.N 0087354, 
approval date 15/05/2019; Comitato Etico Interaziendale 
Campania Sud. ref N 0031971 approval date 26/02/2020; 
Comitato Etico Interaziendale Campania Sud. ref. 
N 0069997 approval date 06/05/2020; Comitato Etico per 
la sperimentazione clinica delle province di Verona 
e Rovigo. ref N 52048, approval date 25/07/2018.

Study Design
This retrospective observational study included all adult 
patients with a prescription of nilotinib (ATC code: 
L01XE08). Two sets of analyses were designed to evaluate 
nilotinib as first- and second-line (Figure 1A and B, 
respectively).

First-Line Treatment Analysis
All adult patients with a first prescription for nilotinib as 
first-line during the inclusion period from January 2013 to 
December 2016 (starting and ending dates of inclusion 
periods were different in some cases, depending on data 
availability for each healthcare entity) were analysed. The 
index date corresponded to the first prescription date and 
marked the start of the follow-up period, which lasted at 
least 3 years afterwards. Patients were looked-back before 
the index date to verify the absence of previous TKI 
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treatments: the data were available starting from 2012 for 
one entity, from 2015 for another one and from 2010 for 
the others.

Second-Line Treatment Analysis
All patients with nilotinib prescription between 
January 2015 and December 2018 were analysed (starting 
and ending dates of inclusion periods were different in 
some cases, depending on data availability for each health-
care entity). Within this period, the index date was the first 
detection of nilotinib prescription. Patients were looked- 
back during all available period before index date. In this 
period, the presence of other TKIs such as imatinib (ATC 
code: L01XE01), dasatinib (ATC code: L01XE06) and 
ponatinib (ATC code: L01XE24) was investigated. 
Follow-up period was of at least one year after index 
date. For this set of analysis, the sample population were 

included among the entities that allow to cover sufficient 
look-back and follow-up period.

In both first-line and second-line treatment analysis, the 
presence of BCR/ABL test was identified by ICD-9-CM 
procedure codes: 91.36.5, 91.29.4_0, 91.29.3.

Mean Daily Dose Evaluation
The approved dose of nilotinib reported in the summary of 
product characteristics (SmPC) is 600 mg daily as first-line 
treatment and 800 mg daily as second-line.6 To evaluate 
the mean daily dose, all nilotinib prescriptions during 
follow-up were considered. Patients with less than two 
prescriptions during follow-up were excluded from the 
analyses.

The mean daily dose was calculated as the total dosage 
between first and penultimate prescription divided per the 
total number of days between first and last nilotinib 

Figure 1 Study design: (A) first-line treatment analysis; (B) second-line treatment analysis. 
Notes: *For one entity inclusion period starts in January 2016; for two entities inclusion period ends in August 2016, for one entity in September 2016. **End of data 
availability was September 2019, October 2019 and December 2019, depending on the Entities. ***For two entities data were available starting from 2012 and 2015, 
respectively. ****For one entity data was available starting from 2012.
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prescriptions. In patients that discontinued nilotinib during 
follow-up, the mean daily dose was calculated either until 
last nilotinib prescription date or last BCR/ABL test date. 
The latter time point was considered since presence of 
BCR/ABL determination ensure the response of therapy 
is monitored after the treatment is discontinued.17,18 

A representative scheme of the mean daily dose evaluation 
is shown in Figure 2. Median daily dose was also reported 
with interquartile (IQR range).

Results
First-Line Treatment Analysis
In the first set of analyses, a total of 87 CML patients with 
nilotinib as first-line were included; 50.6% were male and 
mean age was 51.8 years. Mean daily dose of nilotinib 
calculated considering the last nilotinib prescription date 
was 500.5 mg and mean treatment duration was 798.9 
days. When the last determination of BCR/ABL test was 
taken into account, the mean daily dose was 498.54 mg 
with a mean treatment duration of 811 days (Table 1). 
Most patients (N= 54, mean age 51.6 years, 48.1% male) 
remain with nilotinib during all follow-up, and their mean 
daily dose was of 530.2 mg during a mean treatment 
duration of 1066.3 days. In patients that discontinued 

nilotinib (N=19, mean age 50.3 years, 47.4% male) the 
mean daily dose was 262.1 mg during a mean treatment 
duration of 260.9 days, while the mean dose to the last 
BRC/ABL test was 243.1 mg considering a mean time of 
316.3 days. Among patients that switched to another TKI 
(N=14, mean age 54.3, 64.3% male), mean daily dose of 
nilotinib was 522.5 mg during a mean of 497.7 days of 
treatment duration (Table 1). Median daily doses are 
reported in Supplementary Table 1.

Second-Line Treatment Analysis
A total of 103 CML patients with nilotinib as second-line 
therapy was identified. Mean age was 58.5 years and 
30.6% were male. Most patients (80.6%) were previously 
treated with imatinib or with dasatinib (17.5%). Mean 
daily dose was 566.3 mg, and patients were treated with 
nilotinib for a mean time of 302.8 days (Table 2). A mean 
daily dose of 565.2 mg was observed when considering the 
last BCR/ABL test (mean duration of 323.1 days). Patients 
prescribed nilotinib during all follow-up (N=80, mean age 
58.6 years, 53.8% male) had a mean daily dose of 580 mg, 
and mean treatment duration of 340.5 days. Patients that 
discontinued nilotinib (N=10, mean age 62.3 years, 50% 
male) had a mean daily dose of 329.0 mg and were treated 

Figure 2 Mean daily dose evaluation. 
Abbreviation: PX, prescription.

Table 1 Mean Daily Dose of Nilotinib as First-Line Therapy

Mean Daily Dose Mean Treatment Duration

Overall patients (N= 87) To last nilotinib prescription: 500.5 mg To last nilotinib prescription: 798.9 days

To last BCR/ABL test: 498.5 mg To last BCR/ABL test: 811.0 days

Not discontinuing patients (N= 54) 530.2 mg 1066.3 days

Discontinuing patients (N= 19) To last nilotinib prescription: 262.1 mg To last nilotinib prescription: 260.9 days

To last BCR/ABL test: 243.1 mg To last BCR/ABL test: 316.3 days

Patients with switch (N= 14) 522.5 mg 497.7 days
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for a mean of 113.3 days. Ultimately, among patients 
switching to a third line TKI (N=13, mean age 54.9 
years, 30.8% male), mean daily dose was found to be of 
614.3 mg, with a mean treatment duration of 216.7 days. 
Median daily doses are reported in Supplementary Table 1.

Discussion and Conclusion
The regulatory approved dosage regimens of drugs are usually 
derived from clinical trials results, however, post-marketing 
dosing variations are often observed in clinical practice.19

Dose modifications (as in reducing the dose) of TKI is 
reported in literature as a potential approach before treat-
ment-free remission (TFR) attempts.11,20 Evidence gained 
from real-world settings may be useful to obtain insight on 
modification of dosing patterns in clinical practice. In this 
context, the present report focused on the mean daily dose 
of nilotinib taken by CML patients, as our aim was to 
provide a photograph of nilotinib dosage pattern in clinical 
practice setting. Our results highlighted that, in clinical 
practice settings, the daily dose was generally lower than 
the one established for nilotinib for newly treated or 
experienced users. Specifically, mean daily dose of all 
treatment duration was observed to be 498.5 mg vs 
600 mg (300 mg twice daily) reported in SmPC for first- 
line therapy and 565.2 vs 800 mg (400 mg twice daily) 
reported in the SmPC for second-line therapy when the 
time point was set to the last detection of BCR/ABL tests, 
indicating that patients were still monitored after stopping 
the treatment. A similar trend was noted when the mean 
daily dose considering last nilotinib prescription resulted 
lower than SmPC (500.5 mg and 566.3 mg for first- 
and second-line, respectively).

The study has limitations, mainly related to the obser-
vational nature of the study and on the data source, ie 
administrative databases. The first limitation is represented 
by the lack of clinical information, particularly those 
related to the actual state of CML, and the presence of 

undetectable confounders that might potentially influence 
our results. Therefore, it was not possible to report if the 
dose observed was related to pre-existing conditions or 
emerging comorbidities after starting TKI therapy.21–23 

Nor was it possible to assess patient outcomes or the 
reasons behind treatment interruption or dose modifica-
tion. The data availability periods provided by some enti-
ties were different in time and duration. The results of this 
study referred to the population analysed and could not be 
generalizable at a national level. Ultimately, the analyses 
focused on nilotinib dosage pattern and further analyses 
will be performed on dose evaluation of other TKIs as first 
and second therapy in settings of clinical practice.
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