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Purpose: Patients with chronic myeloid leukemia (CML) who present a sustained deep molecular response (DMR) for a stable period 
of time might benefit from discontinuing tyrosine kinase inhibitors (TKIs). A significant number of patients seem able to reach this 
stage due to the availability of TKIs. However, many patients remain reluctant about TKI discontinuation and may refuse treatment 
interruption. The purpose of this study was to explore the clinical and psycho-cognitive factors that may influence the decision to 
discontinue TKI therapy, thereby gaining a better understanding of patients’ viewpoints on TKI discontinuation.
Patients and Methods: One hundred and nineteen patients diagnosed with CML aged between 34 and 69 were enrolled (67 males 
and 52 females). Different clinical information and psycho-cognitive aspects such as attitude toward risk behaviours, risk preferences, 
need for cognitive closure, and tendency to resist to changes were assessed through the administration of a battery of questionnaires.
Results: A higher tendency toward risk behaviours and the tendency to focus on possible gain in the short term rather than on losses 
might represent important predictors for the willingness to accept TKI discontinuation. Possible relapses following interruption of the 
therapy are the most common reason for concern. Furthermore, lower levels of resistance to change and having previously experienced 
the desire to interrupt the therapy might lead patients to accept a higher probability of relapse risk when facing such a decision.
Conclusion: TKI discontinuation appears appealing and challenging at the same time for many CML patients, and different factors 
may influence this decision. Psychology plays a crucial role in assisting physician-patient communication and informed decision- 
making.
Keywords: TKI discontinuation, chronic myeloid leukaemia, patients’ perspective, risk preferences, decision-making

Introduction
Chronic myeloid leukaemia (CML) is a cancer of white blood cells characterised by an increased and unregulated growth 
of predominantly myeloid cells in the bone marrow and the accumulation of these cells in the blood.1 CML treatment is 
designed to attack cancer by focusing on the enzyme tyrosine kinase (TK), which allows cancer cells to grow and 
multiply.2 Currently, CML is mainly treated with drugs known as tyrosine kinase inhibitors (TKIs) that have dramatically 
improved long-term survival rates.3 TKIs such as imatinib (first-generation TKI), dasatinib, nilotinib, and bosutinib 
(second-generation TKIs) have been approved by the American Food and Drug Administration (FDA) and the European 
Medicines Agency (EMA) as first-line treatments. Research in the field continues to advance to identify the best TKI for 
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each patient, depending on efficacy, tolerability, early and late toxicity, drug costs, and patient’s quality of life: in 
comparison with imatinib, second- and third-generation TKIs improve clinical responses, even though the safer toxicity 
profile of imatinib might represent a better option for patients with comorbidities.4 Moreover, for most people, TKIs can 
help achieve a long-term disease-free remission.5

TKIs are effective in achieving long-term deep molecular responses (DMRs) – defined as BCR-ABL1 levels of 
molecular response MR4 and MR4.5 on the International Scale (IS) – in many patients,6 especially in Western 
countries. Patients who reach DMR after taking TKIs can be advised to discontinue the therapy, as recommended in 
the guidelines for CML treatment.6,7 For this reason, there has been an increasing focus on the identification of 
strategies to maximize the possibility of interrupting TKIs and gaining treatment-free remission (TFR) for patients 
who have a stable DMR.8–11 Several studies have examined the effectiveness of such a discontinuation: the French 
Stop Imatinib 1 Trial (STIM1)11 showed that 38% of the 100 CML patients enrolled maintained a molecular remission 
after a median follow-up of 77 months. The eligibility criterion for interrupting the treatment was to have reached 
a sustained undetectable molecular residual disease (UMRD) for at least 2 years. These results are consistent with 
a smaller study that applies the same eligibility criteria, namely the TWISTER study (Australian Leukaemia and 
Lymphoma Group CML8):12 18 (45%) of 40 patients maintained a molecular remission after a median follow-up of 42 
months. Similarly, a systematic review and meta-analysis of 15 cohort studies,13 involving 509 patients, found a mean 
molecular relapse rate of 51%. More recently, several studies have investigated discontinuation from second- 
generation TKIs.14–16 For instance, the Pan-European Stop Tyrosine Kinase Inhibitor Study (EURO-SKI)14 showed 
that molecular relapse-free survival was 50% at 24 months for the 775 patients enrolled. Moreover, clinical data 
indicate that resuming treatment with a TKI even after a failed discontinuation attempt is feasible and can be 
successful.17

All these results showed that TKI discontinuation is a safe procedure; nonetheless, some studies also showed that 
several patients eligible for discontinuation prefer to continue with the usual treatment.18–20 The willingness of patients to 
discontinue TKI treatment ranges from 34% to 83%, according to different studies.21–29 Most frequent reasons for 
patients to discontinue TKI therapy are relief from side effects, as well as, to a lesser degree, relief from the 
inconvenience of taking daily medications, the opportunity to plan a pregnancy, and a sensible reduction of treatment 
costs. On the other hand, the most frequently patient-reported concerns involve the risk of CML recurrence and loss of 
disease control (from 80% to 93%), followed by the fear of not responding to the treatment in case of relapse (from 70% 
to 90%), and having more drug side effects after restarting the therapy (from 33% to 45%). Minor concerns included not 
having enough information about interrupting the treatment, fear of withdrawal syndrome, worry about inadequate 
medical assistance, and worry about dismaying family or friends. Adequate monitoring seems to be the most important 
prerequisite to accept TKI discontinuation.29

No research has been conducted to date on the cognitive and psychological characteristics, which may influence CML 
patients’ decision-making process regarding therapy discontinuation. In this context, evaluating the psychological profile 
of CML patients in terms of attitudes toward risk behaviours, risk perception, way of coping with ambiguous situations 
and resistance to change can shed light on the factors that might impact on the decision to accept or reject TKI 
discontinuation. It is thus the aim of this study to explore the cognitive and emotional factors that are specifically 
associated with patients’ willingness to discontinue TKI treatment, as well as the percentage of relapse risk they are 
prepared to accept. The second aim is to identify distinct clusters of patients based on their cognitive profiles and 
attitudes regarding risk and change.

Materials and Methods
Participants and Recruitment
Patients were recruited from two Italian medical centres included in the Lombardy Haematological network (http://www. 
rel-lombardia.net/) with large experience in CML treatment, namely the Foundation IRCCS Cà Granda Ospedale 
Maggiore Policlinico in Milan and the Foundation IRCCS Policlinico San Matteo in Pavia.
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Inclusion criteria were (a) to be diagnosed with CML in chronic phase (CP) at data collection, (b) to be aged 18 or older, 
and (c) to be able to read and understand study materials (patient information and data protection form and patient-related 
questionnaires). Exclusion criteria were (a) to be affected by neurological and/or psychiatric disorders (ie, patients suffering 
from psychosis and/or personality disorders), and (b) to have mild or severe cognitive impairments. The CML stage was not 
included in the eligibility criteria since all patients might eventually face the possibility to discontinue TKIs.

Medical personnel contacted eligible patients a few days before their medical appointments, offering them the 
opportunity to participate in the study. Interested patients met with two research psychologists (IC and SR) who provided 
further details regarding the study procedure at their scheduled check-up. Patients who accepted to participate were asked 
to sign the informed consent prior to study commencement in accordance with the Declaration of Helsinki, and then to 
complete a battery of paper-pencil questionnaires. The completion required approximately 40 minutes and took place in 
a hospital room assigned for that purpose, in the presence of the researcher. Patients were not given any remuneration for 
their participation.

This study received approval by the Ethics Committee of both the Foundation IRCCS Cà Granda Ospedale Maggiore 
Policlinico in Milan and the Foundation IRCCS Policlinico San Matteo in Pavia. All the phases of the study were 
prepared, conducted, and described in accordance with the Italian Good Clinical Practice (D. M. 15 July 1997). The 
participants were informed that they could avoid answering any questions that might make them uncomfortable, and that 
they could withdraw from the study at any time.

Study Design and Psychological Methods
For this cross-sectional, non-controlled and non-randomized study, a three-part questionnaire was designed.

The first section included 4 socio-demographic questions (biological sex, age range, marital status, level of educa
tion), and 9 questions regarding disease history and current treatment (year of diagnosis, current disease stage, 
comorbidities, drug therapy, side effects, possible desire to interrupt the therapy, and related concerns).

In the second section, a hypothetical scenario22 was presented. The scenario illustrated the recent success of TKI- 
based therapies, including that in some cases the efficacy is high enough to result in a stable DMR, allowing the 
treatment to be interrupted. The scenario also suggested that approximately 40% of CML patients who discontinue TKIs 
do not relapse after 3 years of treatment, and that most of those who do relapse respond to TKI reinstatement. Following 
this, patients were asked whether they would agree to interrupt their therapy if suggested by their doctors and if properly 
followed up, the relapse rate they would consider acceptable to agree, and the factors that most concerned them about 
therapy discontinuation.

In the third part of the questionnaire, several psychological characteristics such as attitude toward risk behaviours, 
risk preferences, need for cognitive closure, and tendency to resist to changes were assessed. Specifically:

A) Attitude toward risk behaviours was assessed through the Stimulating-Instrumental Risk Inventory (SIRI),30 which 
consists of 17 items and response options are provided on a 4-point rating scale from 1 (does not describe me at all) to 4 
(describes me very well). This scale also distinguishes two types of risk-taking through two subscales: (1) the Stimulating 
Risk Taking (SRT), a measure of impulsive risk behavior driven by emotional processes and positive arousal, focused on 
short-term consequences, unconcerned with the magnitude of potential losses; (2) the Instrumental Risk Taking (IRT), 
a measure of reflective risk behaviour characterised by cognitive processes and negative arousal, focused on long-term 
consequences and potential losses. In this study, both subscales showed an acceptable internal consistency, as Cronbach’s 
alpha was 0.70 and 0.80, respectively.

B) Risk preferences were assessed through the 7-item subscale of the Passive Risk-Taking Scale (PRT)31,32 that 
measures passive risk-taking in the medical and health domains. Passive risk-taking entails inaction rather than acting in 
order to reduce outcome variance, thus increasing the possibility of an undesired outcome. Answers were provided on an 
8-point rating scale from 0 (strongly disagree) to 7 (strongly agree). Cronbach’s alpha in the present study was 0.75.

C) Need for cognitive closure, understood as the motivation to find an answer to an ambiguous situation as compared 
to confusion and uncertainty, was measured through the Need for Cognitive Closure Scale (NFCS).33,34 This scale 
includes 42 items that provide answers on a 6-point rating scale from 1 (strongly disagree) to 6 (strongly agree), and in 
this study, the overall Cronbach’s alpha was 0.72. The questionnaire also includes the following 5 subscales: Desire for 
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predictability, Preference for order and structure, Discomfort with ambiguity, Decisiveness, Close-mindedness. In this 
study, the 5 subscales showed an acceptable internal consistency, as Cronbach’s alpha ranged from 0.71 to 0.83.

D) Resistance to change was assessed through the 17 items of the Resistance to Change (RTC) questionnaire,35 

a personality measure of individuals’ tendency to resist to or avoid changes and to consider changes as aversive. This 
instrument provides answers on a 6-point Likert-type scale from 1 (strongly disagree) to 6 (strongly agree), and 
Cronbach’s alpha in the present study was 0.77.

Statistical Methods
Descriptive statistics have been computed for all clinical characteristics and outcome measures, as appropriate. In 
particular, mean (M), standard deviation (SD), median, and range were evaluated for continuous variables, whereas 
frequency (n) and percentage were evaluated for categorical variables. Missing data imputation has not been performed.

Chi-square test and independent sample t-test were, respectively, computed to evaluate whether the group of patients 
who would agree to interrupt the therapy and the group of those who would not showed significant differences with 
respect to gender and age range. Furthermore, chi-square tests were used to evaluate whether there was a statistically 
significant difference in terms of concerns related to a possible therapy discontinuation between both groups.

Univariable analyses were performed to identify possible associations between patients’ psycho-cognitive character
istics and variables regarding disease history and current treatment with two main outcomes: (1) patients’ willingness to 
interrupt the therapy, expressed as dichotomous variable (yes/no), and (2) probability of CML relapse risk they would 
accept to agree to interrupt TKIs, expressed as percentage (0–100%).

A multivariable analysis was then conducted by including covariates that resulted statistically significant with 
univariable analyses, in order to verify their association with the probability of CML relapse risk accepted by patients. 
The model selection analysis was adopted, fixing a 0.05 significance level both to entry and maintain a variable in the 
model. Pearson’s correlation coefficient was used to identify strongly correlated variables, in order to evaluate which 
ones to maintain in the model.

Cluster analyses were also conducted to group similar observations among patients, such that observations in the 
same cluster were similar to each other. Specifically, a two-step clustering strategy was applied to identify different 
clusters of patients based on risk and cognitive variables. First, a hierarchical cluster analysis was performed in order to 
identify the number of clusters. Since K-means clustering allows to group similar data points together, a supplementary 
K-means cluster analysis was performed to define cognitive profiles across patients. The final cluster centres were 
computed as the mean for each variable within each final cluster, and one-way ANOVA was performed to evaluate 
whether the clusters showed a homogeneous distribution with respect to Outcome 1 and Outcome 2.

Furthermore, in order to assess the reliability of the questionnaires, their internal consistency was determined by using 
Cronbach’s alpha, as reported in the method section (values ≥0.70 were considered acceptable).

All p-values were two-tailed and considered significant when p < 0.05. Descriptive statistics, chi-square tests, 
independent sample t-tests, univariable and multivariable analyses were carried out using SAS as statistical software 
(Version 9.4; SAS Institute Inc., Cary, NC, USA), and PROC LOGISTIC and PROC GLM were used for statistical 
model fitting. Cluster analyses and Cronbach’s alpha were conducted by IBM SPSS Statistics for Windows, Version 26.0.

Results
Descriptive Analyses
One hundred and nineteen patients diagnosed with CML from 1978 to 2016 were consecutively enrolled in this study. 
The sample consisted of 67 males and 52 females (M/F ratio: 1.29), aged from 34 to 69 (M = 52.9). Full records of the 
119 patients have been collected for all the variables under study, except for disease phase and drug type (118 records). 
Median duration of the CML from diagnosis was 8 years (range: 1–39 years). Sixty-four patients out of 119 were 
receiving imatinib as first-line therapy (54%), 27 were taking dasatinib (23%), 24 nilotinib (20%), and 3 bosutinib (3%). 
All patients were in CP CML.
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In Table 1 demographics and clinical characteristics of the sample are reported. Table 2 reports the answers (in terms 
of absolute and relative frequencies) to questions about experience with the current CML treatment, a possible already 
experienced desire to discontinue the therapy, the willingness to accept TKI discontinuation if suggested by doctors and if 

Table 1 Patients’ Demographic and Clinical Characteristics

Variable n %

Gender Males 67 56.30

Females 52 43.70

Age range (yrs) 20–29 2 1.68

30–39 16 13.45

40–49 31 26.05

50–59 26 21.85

60–69 44 36.97

Marital status Single 5 4.20

Married or live-in partner 101 84.88

Divorced 11 9.24

Widowed 2 1.68

Education Primary school 5 4.20

Secondary school 34 28.57

High school 60 50.42

Bachelor or master degree 20 16.81

Time since CML diagnosis (yrs) ≥13 23 19.33

7–12 50 42.02

≤6 46 38.66

Current CML status CHR – –

MCyR 4 3.39

CCyR 1 0.84

MMR 47 39.83

MR4.0 35 29.66

MR4.5 29 24.58

MR5 2 1.69

Current TKI Imatinib 64 54.24

Dasatinib 27 22.88

Nilotinib 24 20.34

Bosutinib 3 2.54

Notes: Total analysed patients: n=119. One missing value in “Current CML Status” and “Current TKI” fields (n=118). 
Abbreviations: CML, chronic myeloid leukaemia; CHR, complete haematologic response, MCyR, major cytogenetic response, 
CCyR, complete cytogenetic response, MMR, major molecular response, molecular response MR4, MR4.5 or MR5; n, number of 
patients; TKI, tyrosine kinase inhibitor; yrs, years.
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properly followed up, the percentage of relapse risk considered acceptable to discontinue the therapy, and the main 
factors that could prevent from TKI interruption.

Most patients (64.71%) experienced side effects less than 6 days a month, and the vast majority (84.87%) never forgets to 
take prescriptions. Most patients (75.63%) would accept to interrupt the treatment, although many of them had not previously 
desired to cease it (77.31% of respondents). However, almost a quarter of our patients (24.37%) would refuse to interrupt the 
therapy. There were no significant differences with respect to age (t(118)=.798, p = 0.426) and gender (χ²(1)=2.052, p = 0.152) 
in patients who would consent to a possible therapy discontinuation and those who would not.

In general, patients reported to be more likely to stop TKIs if the relapse risk is no more than an average of 30%. On 
the other hand, patients who indicated that they would not interrupt the therapy would consent to discontinuation of TKIs 
if the maximum relapse risk was 8% on average (SD = 8.18), whereas patients who would interrupt the treatment would 
accept a maximum average risk of 38% (SD = 31.17).

Main concerns regarding TKI discontinuation involved possibility of disease recurrence (reported by 66% of patients) 
and fear of drug resistance in case of relapse (51%). Results related to differences in terms of frequencies of the main 

Table 2 Results to Questions About CML Experience and Therapy (Absolute and Relative Frequencies) (A). Answer Regarding the 
Percentage of CML Relapse Risk Considered Acceptable to Stop the Therapy (Question B) is Reported as Mean (SD)

Questions (A) Options n %

How often do you experience side effects? Daily or more than 21 days a month 13 10.92

From 15 to 21 days a month 14 11.76

From 7 to 14 days a month 15 12.61

From 3 to 6 days a month 32 26.89

Less than 2 days a month 45 37.82

How often do you miss to take your CML medication? Never 101 84.87

1 to 5 times a month 16 13.45

6 to 10 times a month 2 1.68

Have you ever desired to interrupt the therapy? Never or almost never 92 77.31

Sometimes 15 12.61

Often or very often 12 10.08

Would you stop the CML therapy if your doctor says you are 
allowed to?

No 29 24.37

Yes 90 75.63

What is your main concern in case of interruption? 

(multiple answers were possible)

Possible disease recurrence 79 66.39

Fear of drug resistance if the disease relapses 61 51.26

That in case of recurrence, I will have more collateral 

effects with TKI assumption

36 30.25

That my loved ones would worry about the interruption 34 28.57

Not to be assisted by doctors as I would like to 19 15.97

Question (B) Mean SD

What maximum percentage of relapse risk would you accept, to 

decide to stop the CML therapy?

30.46 30.21

Note: Total analysed patients: n=119. 
Abbreviations: CML, chronic myeloid leukaemia; n, number of patients; SD, standard deviation.
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concerns with respect to TKI discontinuation are reported in Table 3. No significant differences emerged between 
patients who would accept to interrupt the treatment and those who would not with respect to concerns.

Table 4 reports the mean values obtained in the psychological tests: SIRI, NCFS, PRT, and RTC.

Univariable Analyses
Table 5 reports univariable analysis results to identify the association between psycho-cognitive patients’ characteristics 
and the decision to accept TKI discontinuation (Outcome 1). Only SIRI Total [Odds Ratio (OR): 1.17 (1.07–1.29)] and 
SRT [OR: 1.47 (1.24–1.74)] covariates resulted singly associated with Outcome 1. Since they are strongly correlated (r = 
0.77, p < 0.001), SIRI Total was not included in subsequent multivariable analysis.

Table 4 Results to Psychological Tests

Psychological Test Mean (SD)

SIRI IRT 16.454 (3.37)

SRT 20.589 (4.01)

Total 37 (5.34)

NFCS Ambiguity 33.705 (5.19)

Closed 
mindedness

30.983 (4.01)

Decisiveness 23.345 (3.74)

Order 38.789 (6.43)

Predictability 28.605 (4.29)

Total 155.429 (15.48)

PRT 22.681 (8.76)

RTC 54.807 (10.82)

Notes: Total analysed patients: n=119. 
Abbreviations: SIRI, Stimulating-Instrumental Risk Inventory; IRT, SIRI Instrumental 
Risk Taking; SRT, SIRI Stimulating Risk Taking; NFCS, Need for Cognitive Closure 
Scale; PRT, Passive Risk Taking Scale; RTC, resistance to change; SD, standard 
deviation.

Table 3 Patients’ Fears in Case of TKI Interruption. Absolute and Relative Frequencies of Main Concerns in the Case of TKIs 
Interrupting by Patients Who Would Accept or Not to Stop TKIs*

Options Patients Who Would 
Accept to Interrupt TKIs 

(n=90)

Patients Who Would Not 
Accept to Interrupt TKIs 

(n=29)

n % n %

Possible disease recurrence 58 64.44 21 72.41

Fear of drug resistance in case of relapse 46 51.11 15 51.72

Having more side effects following a possible TKI re-assumption 28 31.11 8 27.58

That my loved ones are worried about the interruption 12 13.33 7 24.14

Fear to feel without medical assistance 28 31.11 6 20.69

Notes: * = Multiple answers were possible. Total analysed patients: n=119. 
Abbreviations: CML, chronic myeloid leukaemia; n, number of patients; TKI, tyrosine kinase inhibitor.
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Table 6 reports covariates under study, singly considered, and their association with the percentage of relapse risk 
patients would accept to interrupt CML therapy (Outcome 2). Considering psychological covariates, only RTC (p = 
0.007), SRT (p = 0.004), and IRT (p = 0.030) resulted singly associated with Outcome 2. IRT showed a negative 
coefficient value, so the result had no clinical meaning and it was not included as a covariate in the subsequent 
multivariable analysis.

Moreover, covariates regarding both disease stage (Disease phase) and possibility of previously experiencing the 
desire to interrupt the therapy (Ever desired to stop) were significantly associated with Outcome 2, showing, respectively, 
p = 0.028 and p < 0.001. Table 7 reports the mean percentage of relapse risk that patients would accept in order to 
interrupt TKI therapy, by current disease phase and by the already experienced desire to stop.

Multivariable Analysis
Statistically significant variables emerged from univariable analyses (ie, RTC, SRT, Ever desired to stop and Disease 
phase) were included in a multivariable analysis to verify their association with the probability of CML relapse risk 
accepted by patients in case of TKI discontinuation. No correlation between covariates included in the model was found. 
Interaction test was negative (final results are reported in Table 8). Therefore, the four covariates were included in the 
final model (R2: 32.2%, p < 0.001; only RTC showed a p-value of 0.057).

Furthermore, a multivariable analysis was conducted, starting from a complete model (which includes all variables 
reported in Table 6 except for covariates strongly associated with each other), eliminating one by one the less significant 
variables, and considering a significance level of 0.05 in order to keep the variable in the model. The final model included 
RTC, SRT, Ever desired to stop and Disease phase.

In Supplementary Materials, there are reported: the final model with least-squares means of Outcome 2 by Disease 
phase and by Ever desired to stop covariates (Table 1S); Outcome 2, RTC and SRT mean (SD) values by Disease phase 
classes (Table 2S) and by Ever desired to stop classes (Table 3S).

Table 5 Univariable Analysis Evaluating the Association Between Each Covariate, Singly Considered, and 
Outcome 1. Covariates are Analysed Continuously (A) or by Class (B)

Covariate Type of Covariate Patients (n) Comparison OR (95% CI)

PRT A 119 – n.s.

RTC A 119 – n.s.

SIRI Total A 119 – 1.17 (1.07–1.29)

SRT A 119 – 1.47 (1.24–1.74)

IRT A 119 – n.s.

NFCS A 119 – n.s.

Disease phase B 118 2–6 vs 1 n.s.

Missed CML medication B 119 2–3 vs 1 n.s.

Side effects to actual medication B 119 2–5 vs 1 n.s.

Ever desired to stop B 119 2–3 vs 1 n.s.

Drug type B 118 2–4 vs 1 n.s.

Notes: Disease phase (MCyR = 1, CCyR = 2, MMR = 3, MR4 = 4, MR4.5 = 5, MR5 = 6); Missed CML medication (never missed = 1; missed 
1–5 days/month = 2; missed 6–10 days/month = 3; missed > 10 days/month = 4); Side effects to actual medication (every day = 1; ≥ 50% of 
the time, or > 15 days/month = 2; 25% - 49% of the time, or 7–14 days/month = 3; 10% - 24% of the time, or 3–6 days/month = 4; < 10% 
of times, or 0–2 days/month = 5); Ever desired to stop (never = 1; sometimes = 2; often = 3); Drug type (Imatinib (Glivec) = 1, Dasatinib 
(Sprycel) = 2, Nilotinib (Tasigna) = 3, Bosutinib (Bosulif) = 4). 
Abbreviations: CML, chronic myeloid leukaemia; NFCS, Need for Cognitive Closure Scale; PRT, Passive Risk Taking Scale; RTC, 
resistance to change; SIRI Total, Stimulating-Instrumental Risk Inventory; SRT, SIRI Stimulating Risk Taking; IRT, SIRI Instrumental Risk 
Taking; n.s., Not statistically significant; n, number of patients; OR, odds ratio; CI, confidence interval.
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Cluster Analysis
The two-step cluster analysis (hierarchical and K-means) run with explorative purpose identified two distinct clusters. 
The final cluster centres reflect the characteristics of the typical case for each cluster (Figure 1 shows the final cluster 
centres mean). Cluster 1 (n = 51) was characterised by patients with higher tolerance to ambiguity and to life’s changes. 

Table 7 Mean Percentage of Relapse Risk That Patients Would Accept in Order to Interrupt TKI 
Therapy by Current Disease Phase and by the Already Experienced Desire to Stop (Ever Desired to Stop)

Covariate n (%) Mean Percentage (SD)

Disease phase MCyR 4 (3.38%) 67.5 (17.56)

CCyR 1 (0.85%) 75 (15.31)

MMR 47 (39.83%) 25.6 (28.85)

MR4 35 (29.66%) 28.9 (30.94)

MR4.5 29 (24.58%) 35.5 (29.68)

MR5 2 (1.69%) 0 (0.00)

Ever desired to stop Never or almost never 92 (77.31%) 24.24 (26.93)

Sometimes 15 (12.60%) 45.33 (33.35)

Often or very often 12 (10.08%) 59.58 (28.72)

Abbreviations: MCyR, major cytogenetic response; CCyR, Complete Cytogenetic Response; MMR, major molecular response; 
MR4, MR4.5 or MR5, molecular response; n, number of patients; SD, standard deviation.

Table 6 Univariable Analysis Considering the Association Between Each Covariate, Singly Considered, and Outcome 
2. Covariates are Analysed Continuously (A) or by Class (B)

Covariate Type of Covariate Patients (n) Classes R2 (%) (p) Coefficient (SE)

PRT A 119 – n.s. –

RTC A 119 – 6.0 (0.007) −0.68 (0.25)

SIRI Total A 119 – n.s.

SRT A 119 – 6.8 (0.004) 1.96 (0.67)

IRT A 119 – 4.0 (0.030) −1.78 (0.81)

NFCS A 119 – n.s.

Disease phase B 118 2–6 vs 1 10.4 (0.028)

Missed CML medication B 119 2–3 vs 1 n.s.

Side effects to actual medication B 119 2–5 vs 1 n.s.

Ever desired to stop B 119 2–3 vs 1 15.8 (<0.000)

Drug type B 118 2–4 vs 1 n.s.

Notes: Disease phase (MCyR = 1, CCyR = 2, MMR = 3, MR4 = 4, MR4.5 = 5, MR5 = 6); Missed CML medication (never missed = 1; missed 1–5 days/ 
month = 2; missed 6–10 days/month = 3; missed > 10 days/month = 4); Side effects to actual medication (every day = 1; ≥ 50% of the time, or > 15 days/ 
month = 2; 25% - 49% of the time, or 7–14 days/month = 3; 10% - 24% of the time, or 3–6 days/month = 4; < 10% of times, or 0–2 days/month = 5); 
Ever desired to stop (never = 1; sometimes = 2; often = 3); Drug type (Imatinib (Glivec) = 1, Dasatinib (Sprycel) = 2, Nilotinib (Tasigna) = 3, Bosutinib 
(Bosulif) = 4). 
Abbreviations: CML, chronic myeloid leukaemia; NFCS, Need for Cognitive Closure Scale; PRT, Passive Risk Taking Scale; RTC, resistance to change; 
SIRI Total, Stimulating-Instrumental Risk Inventory; SRT, SIRI Stimulating Risk Taking; IRT, SIRI Instrumental Risk Taking; n.s., not statistically significant; n, 
number of patients; r2, r-squared or coefficient of determination, se, standard Error.
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Cluster 2 (n = 68) was characterised by patients that tend to show higher resistance to change on life events and higher 
cognitive closure.

One-way ANOVA showed a homogeneous distribution in the two clusters with respect to Outcome 1 and Outcome 2, 
but fears related to TKI discontinuation appeared to be tailored to each cluster where patients presenting higher tolerance 
to changes and ambiguity were also more exposed to fear and emotional response. Particularly, 23% of patients in Cluster 
1 were more worried about the possibility to lose contact and miss routine assessments in their health centres, while in 
Cluster 2 only 6% of patients reported this fear (F = 7.051, p = 0.009). Similarly, 36% patients in Cluster 1 reported more 
concerns related to family worries than patients in Cluster 2 (17.6%) (F = 5.367, p = 0.022).

Table 8 Multivariable Analysis – Final 
Model: the Probability of CML Relapse 
Values Accepted by Patients in Order to 
Stop TKI Therapy (Outcome 2) Modelled 
as a Function of the Covariates That 
Resulted Statistically Significant at 
Univariable Analysis (R2: 32.2%, P < 0.000)

Covariate p

RTC 0.057

SRT 0.007

Disease phase 0.034

Ever desired to stop 0.000

Notes: Disease phase (MCyR = 1, CCyR = 2, MMR = 
3, MR4 = 4, MR4.5 = 5, MR5 = 6); Ever desired to stop 
(never = 1; sometimes = 2; often = 3). 
Abbreviations: CML, chronic myeloid leukaemia; 
RTC, resistance to change; R2, R-squared or coef
ficient of determination; TKI, tyrosine kinase 
inhibitor.

Figure 1 Final cluster centers mean for Cluster 1 and Cluster 2. 
Abbreviations: NFCS, Need for Cognitive Closure Scale; PRT, Passive Risk Taking Scale; RTC, Resistance to Change; SIRI, Stimulating-Instrumental Risk Inventory; SRT, 
Stimulating Risk Taking; IRT, Instrumental Risk Taking.
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Discussion
This study examined the cognitive and psychological characteristics of CML patients that may influence their decision to 
interrupt CML therapy when suggested, in an effort to increase our understanding of patients’ views on TKI-based 
treatment discontinuation. We assessed patients’ attitude toward risk behaviours, risk preferences, way to cope with 
ambiguous situations, and tendency to resist to changes, along with several clinical data (eg, time from diagnosis, disease 
stage, current treatment, etc.).

Although many studies have confirmed the feasibility and safety of interrupting TKIs in selected patients, they might 
be reluctant.18–20 Our results are in line with a previous study29 showing that main concerns involve possible relapses and 
fear of not responding again to the treatment in case of recurrence. There was no difference as for concerns between 
those patients who would accept to discontinue their TKIs and those who would not, suggesting that these are both 
important aspects to discuss with all eligible patients when suggesting the discontinuation of the therapy. In our study, 
24% of patients claim that they would not accept to interrupt the therapy, even if suggested by their doctors and properly 
followed up. In these situations, it is not cost-effective to continue the therapy, from both the patient’s and the welfare 
agency’s standpoints. TKI prescriptions weigh on public health expenses for treatments that are no longer necessary, and 
these therapies might impact on patients’ quality of life due to side effects or to lack of full compliance. In our sample, 
64% of patients reported to experience side effects due to medications less than 6 days a month, and the vast majority 
(84%) never forgets to take prescriptions. Therefore, interrupting the therapy might represent a benefit for those who 
experience side effects daily or more than 15 days a month (23%) or from 7 to 15 days (39.5%), and those who forget to 
take medications from 1 to 5 times (14%) or more than 5 times a month (1.7%). However, our data indicate that neither 
experiencing more or less side effects nor the level of compliance in taking prescriptions are predictors of the decision to 
discontinue the therapy. In other words, even patients with frequent side effects or lower compliance may decide not to 
interrupt TKI assumption, even if it is safe to do so. Furthermore, our results showed that there is no difference in 
willingness to accept to interrupt the therapy between patients who actually were in deep molecular response (ie, patients 
who could be really asked to face such a decision) and those who were not.

This study also highlighted that attitude toward risk is a possible predictor for the willingness to accept TKI 
assumption. More specifically, patients who were more likely to accept exhibited a greater tendency toward risk 
behaviours. In particular, they showed higher levels of stimulating risk-taking, which reflects the tendency to accept 
risks because of the emotional excitement linked to risk behaviours, focusing mostly on possible gains in the short-term 
than on long-term consequences and the magnitude of possible losses. This result is consistent with findings according to 
which individuals who report higher levels of stimulating risk-taking tend to engage in activities connected with health 
risks.30

Not only did the stimulating risk-taking predict the willingness to interrupt TKIs, it also predicted the percentage of 
relapse risk regarded as acceptable by patients, along with resistance to change, having previously desired to therapy, and 
the stage of the disease. In particular, patients who reported a higher percentage of relapse risk as acceptable presented (a) 
higher levels of stimulating risk-taking, (b) lower levels of resistance to change (ie, the tendency to consider changes as 
aversive), (c) having previously desired to interrupt the therapy, and (d) MMR, MR4, MR4.5 or MR5 as current disease 
stage. However, it is to note that the latter result is not conclusive, since only a few patients (n = 7) reported MCyR, 
CCyR or MR5 as current disease stage. Multivariable analysis showed that these four variables (stimulating risk-taking, 
resistance to change, having previously desired to stop the therapy, and disease stage) account for 32.2% of the 
probability of CML relapse risk accepted by patients overall.

No association between psychological characteristics as passive risk-taking and need for cognitive closure had been 
found with our research outcomes. It would seem that neither inaction (even if it results in an undesirable outcome) nor 
the motivation to resolve ambiguous situations could predict whether or not an individual would be willing to interrupt 
the therapy or the probability of relapse risk they would accept. The results of cluster analysis might represent a pivotal 
aspect of communication that needs to be addressed to improve informed decisions in patients. Cluster 1 (n = 51) was 
characterised by patients with a higher tolerance to ambiguity, meaning they tend to have an individual’s disposition to 
better tolerate life’s changes. Cluster 2 (n = 68) was characterised by patients that tend to have higher resistance to 
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change and higher cognitive closure (ie, the preference to find an answer to an ambiguous situation, as compared to 
confusion and uncertainty). This group of patients seems to be less tolerant to ambiguity. Particularly, patients in Cluster 
1 were more worried about the possibility to lose contact and miss routine assessments in their health centres and 
reported more concerns related to family worries than patients in Cluster 2.

In regard to the main concerns expressed by all patients (ie, possible relapses and fear of not responding again to 
treatment in the event of relapses), these factors should be considered when communicating information regarding the 
discontinuation of TKIs to patients. In fact, the literature shows that a directive approach usually entails more reluctance 
on the part of patients,36 whereas empathy and active listening, even with respect to possible concerns, is more successful 
in terms of compliance with medical suggestions.37,38

A limitation of this study is the narrow sample size. Because of the small number of patients who reported MCyR, CCyR, or 
MR5 as current disease stage, definitive conclusions cannot be drawn regarding the effect of the disease stage on the percentage 
of relapse risk that can be considered as acceptable in order to interrupt the treatment. In future studies, other variables should be 
added to the scenario presented to patients, such as pros and cons for both therapy and therapy discontinuation, in order to assess 
the different impact each information has on the willingness to interrupt the therapy and on the percentage of relapse risk 
referred as acceptable to stop TKIs. Finally, it would be interesting to investigate other psychological variables that might be 
linked to both outcomes, so that a more patient-centred approach could be developed for treatment.

Conclusion
TKI discontinuation appears appealing and challenging at the same time for many CML patients, and different factors 
may play a role in taking such a decision. Many studies have already investigated several factors that impact on both the 
decision-making process and its outcome, but none of them took into account the psychological characteristics of 
patients. This study reveals that the main psychological factors that could contribute to affect the decision to accept to 
interrupt TKIs when suggested are higher levels of stimulating risk-taking, lower levels of resistance to change, and 
having already desired to interrupt the therapy. Globally, this study might assist in the identification of specific profiles 
and tailored treatment options for individual patients, in line with the current recommendation of personalised medicine.
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