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Summary

Aim. The aim of the study was to compare the occurrence of depressive symptoms between 
a group of patients with myeloproliferative neoplasms (MPN) – essential thrombocythemia, 
polycythemia vera, and primary myelofibrosis – treated with interferon alpha, and patients with 
chronic myelogenous leukemia (CML) treated with tyrosine kinase inhibitors (TKI) and to 
check whether individual side effects may contribute to the occurrence of depressive symptoms.

Material and methods. The study involved 175 adult patients with MPN (n = 84) and 
CML (n = 91) who had been treated with interferon alpha or TKI for a minimum of 3 months. 
The study used the David Goldberg Questionnaire (GHQ-28), the Four-Dimensional Question-
naire (4DSQ), and our own survey.

Results. Approximately 40% of patients with MPN and almost 20% of patients with CML 
obtained moderately to strongly elevated scores on the depression scale. The analysis revealed 
no statistically significant differences between women and men. Bone and joint pain, nausea 
and indigestion, fatigue, cramps and muscle aches, and diarrhea were side effects that affected 
the possibility of developing depressive symptoms in both groups. Common predictors of 
depressive symptoms were the number of side effects, type of illness, and age. The older the 
person was, the greater the severity of depressive symptoms.

Conclusions. There are significant differences in the prevalence of depression between 
patients with CML and MPN. Specific side effects of interferon alpha and TKI treatments 
influence the occurrence of depressive symptoms. No association between interferon treatment 
and the development of depression was confirmed.
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Introduction

Myeloproliferative neoplasms (MPN) are a group of hematological diseases, which 
include chronic myelogenous leukemia – with typical Philadelphia chromosome and 
BCR::ABL1 gene and Philadelphia-negative disorders, i.e., polycythemia vera (PV), 
essential thrombocythemia (ET) and primary myelofibrosis (MF) [1, 2]. Due to the 
presence of the Philadelphia chromosome, chronic myelogenous leukemia is treated 
separately [3]. Patients with Ph-negative MPN and CML may experience a variety of 
systemic symptoms such as itching, night sweats, fever, fatigue, easy bruising, and 
splenomegaly [4]. Treatment depends mainly on the type and stage of the disease, the 
patient’s age, and comorbidities [5]. In patients with MPN, interferon alpha (IFNα) 
is most often used [6, 7], while in patients with CML, tyrosine kinase inhibitors 
(TKI) – including imatinib, dasatinib, nilotinib, bosutinib, and ponatinib – are the 
primary treatment [8, 9]. In the remaining patients, other treatments are used, includ-
ing pharmacological treatments (hydroxyurea, JAK-2 inhibitors, acetylosalicylic acid), 
phlebotomy (as a first-line treatment in PV), chemotherapy, radiotherapy, or stem cell 
transplantation [10, 11].

It is worth noting that not only the disease itself, but also the treatment used, can 
cause troublesome side effects. In the case of IFNα treatment, apart from hematological, 
neurological, and rheumatological effects, the most common side effects are: fatigue, 
loss of appetite, nausea, diarrhea, myalgia, skin rash, and headaches [12, 13], and in the 
case of TKI, the most common are: increased risk of infection, skin changes, fatigue, 
bruising, diarrhea, loss of appetite, and water retention [14, 15]. The occurrence of 
such troublesome side effects of TKI or IFNα treatment may lead to the discontinua-
tion of therapy [7, 16].

The existing literature extensively describes the occurrence of depressive disorders 
in hemato-oncological patients [17, 18]. Depressive disorders represent a significant 
clinical issuein patients with hematopoietic cancer, regardless of the stage, type of 
treatment, or treatment phase [19, 20]. Both the cancer itself (along with its mental 
and physical comorbidities) [21] and the side effects of treatment may contribute to 
the development of depressive and anxiety symptoms [22, 23]. In addition, some stud-
ies indicate that the side effects of IFNα treatment, in particular pegylated IFNα, may 
contribute to the development of depressive disorders [24].

The Bioethics Committee at the Jagiellonian University in Krakow approved the 
study (No. 1072.6120.113.2020). Each participant obtained information about the 
study and gave their written consent to participate in the study.

Aim

The aim of the study was to compare the occurrence of depressive symptoms 
between a group of patients with MPN (essential thrombocythemia, polycythemia 
vera, and primary myelofibrosis) treated with interferon-alpha and patients with 
chronic myelogenous leukemia (CML) treated with tyrosine kinase inhibitors and to 
check whether individual side effects may contribute to the occurrence of depressive 
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symptoms. In addition, differences between groups were analyzed in terms of age, 
sex, number of side effects, treatment duration, and the severity of depressive symp-
toms in relation to individual side effects. The goal of the study was not to diagnose 
depressive disorders, but to assess the risk of their development during treatment with 
IFNα and TKI.

Material and methods

The study was carried out at the Hematology Department of the Jagiellonian 
University Hospital (SU) in Krakow and the Clinic of Hematology, Blood Cancer, 
and Bone Marrow Transplantation in Wrocław. The study involved 175 adult pa-
tients with MPN or CML who had been treated with IFNα or TKI for a minimum of 
3 months. The patients were diagnosed with essential thrombocythemia, polycythemia 
vera, primary myelofibrosis, or chronic myeloid leukemia. The selection of patients 
was purposeful, and each patient was assessed once. The exclusion criteria included 
psychiatric or psychological (psychotherapeutic) treatment during the study period 
or within 3 months prior, discontinuation of IFNα / TKI treatment or switching to 
another drug, starting treatment with IFNα / TKI during the study or up to 3 months 
before its start, and experiencing symptoms similar to those listed in the questionnaire 
for at least one month prior to starting treatment with IFNα or TKI. The mean age in 
the study group was 49 years (SD = 14.507). Detailed characteristics of the studied 
groups are presented in Table 1.

Table 1. Description of the studied groups

Variable Me ± SD (min-max)

Age (years) 49.00 ± 14.507 (20 – 82)

Treatment duration (years) 10.00 ± 5.8199 (2 – 26)

Number of side effects 4.00 ± 2.564 (0 – 11)

Type of disease n %

Chronic myelogenous leukemia (CML) 91 51.4

(Ph)– Myeloproliferative neoplasms (MPNs) 84 48.6

Variable n %

Sex Female 118 67.4

Male 57 32.6

Me – median; SD – standard deviation; n – number
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Research tools

The sociodemographic questionnaire, including questions about age, sex, place 
of residence, marital status, education, type and duration of disease, and side effects 
of treatment, categorized by periods and their duration. The list of side effects associ-
ated with IFNα and TKI treatment was created based on the results of studies on their 
effects and toxicity [12, 15, 25–27].

David Goldberg’s General Health Questionnaire (GHQ-28) was used to assess 
mental health in adults and to analyze four symptom dimensions of mental disorders: 
depression, anxiety, somatic symptoms, and social dysfunction. Each scale contains 
7 questions, and a maximum of 21 points can be obtained. The reliability of the Polish 
adaptation of the GHQ-28, assessed using Cronbach’s alpha coefficient, ranges from 
0.91 to 0.93. The criterion validity falls within the range of 0.59 to 0.61 [28, 29]. This 
study focused on one dimension of mental health: depressive symptoms. The study 
used a modified Likert scale ranging from 0 to 3 points.

The Four-Dimensional Symptom Questionnaire (4DSQ), measuring the intensity 
of current depressive, anxiety, somatic, and distress symptoms. The reliability coef-
ficient of the test (Cronbach’s alpha) ranges from 0.82 to 0.88 [30]. This study focused 
on the analysis of one of the four dimensions: depressive symptoms, for which the 
maximum number of points is 12.

The nomenclature of the “depression” scales in both questionnaires should be 
interpreted as referring to depressive symptoms. These instruments are screening tools 
and do not provide a clinical diagnosis.

Statistics

We compared categorical variables between the MPN and CML patients, men 
and women, and individual side effects of IFN-alpha and TKI treatment by using the 
Mann–Whitney U test and the χ2 test. Cramer’s V coefficient was used to determine 
the strength of the relationship between the measurable features. Cohen’s d coefficient 
was used to determine the effect size between the variables. A p-value = 0.05 was 
considered statistically significant. Multiple linear regression analysis was conducted 
to assess the impact of each variable on the depression scores.

Results

A total of 175 patients with MPN (n = 84) and CML (n = 91) were examined. Table 
2 presents the severity of depressive symptoms measured by the 4DSQ in both groups.
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Table 2. Severity of depressive symptoms in patients with MPN and CML,  
measured by the 4DSQ

Depression
MPN (n = 84) CML (n = 91)

n % n %
Not present 50 61.9 75 82.4
Moderate 24 28.6 9 9.9
High 8 9.5 7 7.7
Total 84 100 91 100

n – number

The analysis of the occurrence of depressive symptoms in patients with CML 
and MPN showed that approximately 40% of patients with MPN and nearly 20% of 
patients with CML obtained a moderately or strongly elevated score on the depression 
scale (Table 2).

Table 3 presents the results of the Mann-Whitney U test measuring differences in 
the intensity of depressive symptoms in patients with MPN and CML.

Table 3. Differences between MPN and CML patients in the intensity  
of depressive symptoms measured by the 4DSQ and GHQ-28

Mental condition
CML (n = 91) MPN (n = 84)

p U Z
Me (Q1-Q3) Me (Q1-Q3)

GHQ-28
Depressive symptoms 4.0 (2.0-8.0) 2.0 (0.0-5.0)  <0.001 2340.00 -4.457

4DSQ
Depression 0.0 (0.0-1.0) 0.5 (0.0-3.75)  0.003 4687.50 2.950

Me – median; Q1 – lower quartile; Q3 – upper quartile; p – statistical significance; U –Mann-Whitney 
U statistic; Z – standardized Z-value of the Mann–Whitney test

Patients with MPN differ from patients with CML in the severity of depressive 
symptoms. In the case of the depression symptoms scale measured by the GHQ-28, 
patients with MPN obtained lower scores than patients from the second group. How-
ever, on the depression scale measured by the 4DSQ, patients with CML obtained 
lower scores than those with MPN.

In another analysis, the differences between men and women in the severity of 
depressive and anxiety symptoms measured by the 4DSQ and GHQ-28 were examined. 
The analysis showed no statistically significant differences.

Next, the incidence and relationships of individual side effects of TKI and IFNα 
treatment between patients with MPN and CML were investigated (Fig.1, Table 4).
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Figure 1. Occurrence of side effects of TKI and IFNα treatment among patients  
with MPN and CML

Table 4. Associations in the occurrence of individual side effects of TKI  
and IFNα treatment between patients with MPN and CML

Side effect χ2 df p Cramér’s V

Water retention 11.436 1 <0.001 0.256

Frequent infections  0.255 1  0.614 0.038

Fatigue  0.573 1  0.449 0.057

Bruising  6.354 1  0.012 0.191

Diarrhea  8.705 1  0.003 0.223

Loss of appetite  4.368 1  0.037 0.158

Bone and joint pain  7.559 1  0.006 0.208

Nausea, indigestion  0.125 1  0.724 0.027

Abdominal pain 25.656 1 <0.001 0.383

Cramps, muscle aches 12.383 1 <0.001 0.266

Skin rash, itching 25.958 1 <0.001 0.385

χ2 – chi-square test; df – degrees of freedom, p – statistical significance; V – Cramér’s V coefficient

The occurrence of side effects of TKI and IFNα treatment in the form of water 
retention, bruising, diarrhea, loss of appetite, bone and joint pain, abdominal pain, 
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muscle aches and cramps, as well as skin rash and itching, depends on the type of 
disease. Water retention, diarrhea, bone and joint pain, muscle aches and cramps are 
more common in CML patients than in MPN patients. Conversely, bruising, loss of 
appetite, abdominal pain, skin rash, and itching were more frequent in MPN patients.

Another analysis was conducted to examine the impact of side effects of TKI and 
IFNα treatment in patients with MPN and CML on the severity of depressive symptoms 
measured by the GHQ (Table 5). 

Table 5. Standardized and non-standardized coefficients of the linear regression model for 
predicting the impact of side effects in patients with MPN and CML on the severity  

of depressive symptoms measured by the GHQ-28

Variable B SE β t p

1
Constant 2.641 0.409 6.465 <0.001

Bone and joint pain 2.905 0.549 0.373 5.295 <0.001

2

Constant 2.223 0.414 5.374 <0.001

Bone and joint pain 2.525 0.543 0.325 4.651 <0.001

Nausea, indigestion 2.037 0.584 0.243 3.486 <0.001

3

Constant 1.679 0.465 3.607 <0.001

Bone and joint pain 2.292 0.544 0.295 4.213 <0.001

Nausea, indigestion 1.787 0.585 0.213 3.053 0.003

Fatigue 1.328 0.547 0.170 2.430 0.016

4

Constant 1.356 0.488 2.776 0.006

Bone and joint pain 1.749 0.603 0.225 2.902 0.004

Nausea, indigestion 1.791 0.580 0.214 3.087 0.002

Fatigue 1.181 0.547 0.151 2.160 0.032

Cramps, muscle aches 1.210 0.602 0.154 2.010 0.046

5

Constant 1.314 0.485 2.710 0.007

Bone and joint pain 1.524 0.609 0.196 2.504 0.013

Nausea, indigestion 1.603 0.583 0.191 2.750 0.007

Fatigue 1.064 0.545 0.136 1.951 0.053

Cramps, muscle aches 1.251 0.597 0.159 2.095 0.038

Diarrhea 1.338 0.676 0.138 1.978 0.050

B – non-standardized coefficient; SE – standard error; β – standardized coefficient; t – the result of 
Student’s t-test; p – statistical significance

In the analysis of the impact of individual side effects of IKT and IFNα treatment 
on the severity of depressive symptoms, as measured by the GHQ-28, the regression 
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table continued on the next page

algorithm reached its final solution in step 5. The model was well fitted to the data 
– F(5, 169) = 11.77; p < 0.001 and explained 24% of the variance in the dependent 
variable (R2adj = 0.236). Based on the regression coefficients presented in Table 5, 
it was found that bone and joint pain (β = 0.196, p = 0.013), nausea and indiges-
tion (β = 0.191, p = 0.007), fatigue (β = 0.136, p = 0.053), cramps and muscle aches 
(β = 0.159, p = 0.038) and diarrhea (β = 0.138, p = 0.050) were side effects that affected 
the possibility of developing depressive symptoms in both groups. The predictors were 
positively related to the dependent variable.

The severity of depressive symptoms in both groups was then examined using the 
GHQ-28 and 4DSQ, categorized according to the presence of side effects of IFNα and 
TKI treatment (Table 6).

Table 6. Severity of depressive symptoms in MPN and CML patients categorized by the 
presence of side effects of IFNα and TKI treatment

Depressive symptoms/depression

CML (n = 91) MPN (n = 84)

Side effects Test M SD Me M SD Me U Z p d

Water retention
GHQ 5.98 4.27 5 3.24 3.55 2 577.00 -3.245 0.001 0.68

4DSQ 1.08 2.13 0 1.85 2.69 1 1173.50 1.829 0.067 -0.33

Frequent 
infections

GHQ 7.05 5.32 6 4.53 3.38 6 102.50 -1.396 0.167 0.55

4DSQ 1.63 2.81 0 2.87 2.97 3 188.50 1.677 0.111 -0.43

Fatigue
GHQ 6.80 4.36 7 3.62 3.24 3 688.00 -3.774 <0.001 0.83

4DSQ 1.10 2.17 0 1.80 2.30 1 1508.00 2.183 0.029 -0.31

Bruising
GHQ 6.44 5.44 4.5 3.19 3.99 0 165.00 -2.428 0.015 0.71

4DSQ 1.39 2.25 0 2.32 2.88 1 329.50 1.110 0.267 -0.35

Diarrhea
GHQ 7.27 4.89 7 3.67 3.81 3 65.50 -1.955 0.051 0.78

4DSQ 1.54 2.75 0 1.67 2.00 0 124.00 0.305 0.810 -0.05

Loss of appetite
GHQ 8.07 5.30 8 5.08 3.10 5 124.00 -1.784 0.078 0.73

4DSQ 1.73 3.10 0 2.36 3.10 1 221.00 0.995 0.361 -0.21

Bone and joint 
pain

GHQ 6.24 4.14 6 3.83 3.47 3 806.00 -2.988 0.003 0.62

4DSQ 0.94 2.05 0 2.08 2.56 1 1647.00 3.153 0.002 -0.50

Nausea, 
indigestion

GHQ 7.67 4.88 7 4.41 3.43 3 221.00 -2.493 0.013 0.77

4DSQ 1.56 2.64 0 1.85 4.71 1 409.00 0.834 0.404 -0.11

Abdominal pain
GHQ 7.05 4.95 5.5 4.14 3.88 3 320.50 -2.351 0.019 0.75

4DSQ 2.00 2.92 0 1.92 2.47 1 532.00 0.438 0.662 0.03
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Cramps, muscle 
aches

GHQ 6.13 4.32 6 4.51 3.51 3 860.00 -1.697 0.090 0.40

4DSQ 0.94 2.05 0 2.34 2.66 1 1484.50 3.391 <0.001 -0.62

Skin rash, itching
GHQ 5.39 3.17 5 3.54 3.55 2 282.50 -2.173 0.030 0.54

4DSQ 0.33 0.77 0 2.04 2.77 0 577.00 2.348 0.019 -0.71

Me – median; M – mean, SD – standard deviation; p – statistical significance; U –Mann-Whitney 
U statistic; Z – standardized Z-value of the Mann–Whitney test; d –Cohen effect size

The analysis of the severity of depressive symptoms in MPN and CML patients, 
categorized by the presence of side effects of IFNα and TKI treatment, showed that 
water retention, fatigue, bruising, bone and joint pain, nausea and indigestion, abdomi-
nal pain, cramps and muscle aches, and skin rash and itching differentiated the groups 
in terms of depressive symptom severity.

The results of the analysis examining the relationship between the severity of de-
pressive symptoms and age, sex, type of illness, number of side effects, and duration 
of treatment are presented in Table 7.

Table 7. Multidimensional associations between the severity of depressive symptoms 
(measured by the 4DSQ and GHQ-28) and age, sex, type of illness, number  
of side effects, and duration of treatment in patients with MPN and CML

External variables B* p

Depressive symptoms GHQ-28

Duration of treatment -0.009 0.840

Age  0.055 0.012

Number of side effects  0.694 <0.001

Sex (male vs. female) -0.501 0.343

Disease (CML vs. MPN) -1.849 0.003

Adjusted R 2= 0.343 (F = 19.143)

Depressive symptoms 4DSQ

Duration of treatment -0.016 0.588

Age  0.022 0.130

Number of side effects  0.215 0.001

Sex (male vs. female) -0.026 0.943

Disease (CML vs. MPN) 1.205 0.005

Adjusted R2 = 0.089 (F = 4.412)

*crude regression coefficients
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In the conducted analyses of the relationship between the severity of depressive 
symptoms as measured by the GHQ-28 and 4DSQ tests and age, sex, type of disease, 
number of side effects, and duration of treatment in both groups, the regression models 
explained 34% and 9% of the variance. Based on the results presented in Table 7, it 
was found that in patients with MPN and CML, a common predictor of depression 
severity across both questionnaires was the number of side effects (GHQ-28: B = 0.694; 
p = <0.001; 4DSQ: B = 0.215; p = 0.001). The more side effects a patient experienced, 
the greater the intensity of all the symptoms of mental disorders.

An important predictor of the severity of depressive symptoms was also the type 
of illness (GHQ-28: B = – 1.849; p = 0.003; 4DSQ: B = 1.205; p = 0.005). The results 
varied depending on the research tool used. The analysis also showed that age was 
an unfavorable prognostic factor for the occurrence of depressive symptoms (B = 0.055; 
p = 0.012). The older the person was, the greater the severity of depressive symptoms.

Discussion

The results of many studies indicate that depressive disorders are common among 
patients with CML and MPN [18]. A comparative analysis of the occurrence of de-
pressive symptoms between patients with MPN (n = 34; 38.1%) and those with CML 
(n = 16; 17.6%) showed that patients differ in the severity of depressive symptoms 
(Table 2, Table 3). So far, these groups have not been compared with each other, but 
existing research indicates that among patients with MPN [31, 32] and patients with 
CML [18, 33], depressive disorders are more severe than in the healthy population and 
are often associated with anxiety disorders. The study by Shi et al. [18] and Phillips 
et al. [34] showed that approximately 37% of CML patients treated with TKI experi-
ence depression. On the other hand, in the study by Xu et al. [35], the incidence of 
depression was lower and amounted to 13.2%. In a study by Brintzenhofe-Szoc et al. 
[36] on mixed symptoms of anxiety/depression in a large group of cancer patients, it 
was noted that hemato-oncological patients report a higher intensity of anxiety and 
depression than patients with other types of cancer.

Differences between the groups may be primarily due to variations in treatment for 
these diseases and differences in survival prognosis. In the case of patients with CML, 
the introduction of TKI therapy has resulted in their survival now being comparable 
to that of healthy individuals [37], as TKI treatment is less toxic and burdensome than 
treatment for MPN [38]. Depending on the questionnaire used, results indicate that 
both MPN and CML patients experience depressive symptoms; therefore, it cannot be 
clearly confirmed that treatment with IFNα promotes the development of depression. 
It is worth noting that both the authors’ own research and the studies cited above used 
different tools to assess depression. In addition, discrepancies between the results sug-
gest that the use of different assessment tools can lead to varying outcomes. Therefore, 
it is recommended to use at least two research tools [39].

The results of the authors’ own research showed that women do not differ from 
men in the severity of depressive symptoms. Some studies also do not show such 
a correlation [31, 40]; however, most researchers point to significant sex differences, 
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which may be influenced by factors as duration of treatment, age and the quantity and 
quality of social support. Women and men tend to play different social roles, function 
differently in society, and have varying levels of emotional sensitivity [41]. Typically, 
women show greater severity of depressive symptoms among both MPN [32] and 
CML patients [18, 42]. These differences may also be influenced by the use of differ-
ent research tools for measuring depression. For example,Padrnos et al. [40] used the 
Patient Health Questionnaire-2 (PHQ-2); McFarland et al. [31] and Brochmann et al. 
[32] used the Hospital Anxiety and Depression Scale (HADS); Shi et al. [18] used the 
Self-Rating Depression Scale (SDS); and Efficace et al. [43] used the Psychological 
General Well-Being Index (PGWB-S).

The results of the study showed that the occurrence of side effects from TKI and 
IFNα treatment – such as frequent infections, fatigue, and nausea and indigestion – was 
not dependent on the type of disease (Table 5). In both CML and MPN patients, these 
three side effects occurred at similar frequencies. The authors’ own findings are consist-
ent with the results of existing literature, which frequently reports that patients with 
MPN and CML often experience infections and/or fatigue [17, 44]. These symptoms are 
associated with the deterioration of immunity caused by the disease and its treatment.

The analysis of the severity of depressive symptoms in MPN and CML patients, 
divided according to the presence of side effects from IFNα and TKI treatment, showed 
that water retention, fatigue, bruising, bone and joint pain, nausea and indigestion, 
abdominal pain, cramps and muscle aches, as well as skin rash and itching were as-
sociated with differences in the severity of depressive symptoms (Table 6). The results 
are consistent with studies by McFarland et al. [45], Phillips et al. [34], and Padrnos 
et al. [40], which describe the impact of disease symptoms and treatment on the like-
lihood of depression. Particular attention is paid to fatigue, which is a very common 
side effect of both the disease itself and treatment with TKI or interferon alpha [46].

Based on the results presented in Table 7, it was found that in patients with MPN 
and CML, the common predictor of the occurrence of depressive symptoms measured 
by both questionnaires was the number of side effects. The greater the number of side 
effects experienced by the patient, the higher the severity of all mental health symp-
toms. An important predictor of the severity of depressive symptoms was also the type 
of illness, but the results varied depending on the assessment tool used. The authors’ 
findings are consistent with related studies indicating that the occurrence of treatment 
side effects affects patients’ quality of life and may contribute to the development 
of mental disorders [47]. The study by McFarland et al. [45] on the relationship be-
tween the physical and psychological symptom burden in patients with Philadelphia 
chromosome-negative MPN emphasizes that the physical burden of symptoms in MPN 
patients is related to psychological symptoms, while the occurrence of depression is 
linked to the overall burden of physical symptoms.

The analysis also showed that an unfavorable prognostic factor for the occurrence 
of depressive symptoms in both groups was age. The older the patient, the greater the 
severity of depressive symptoms. Research by Constanzo et al. [48] describes the dif-
ferences in perceiving and experiencing cancer, indicating that older patients scored 
significantly worse than younger ones in various aspects of mental health and quality of 
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life. The study by Gibek and Sacha [42] showed that older patients with CML have more 
severe depressive symptoms than younger ones, while the study by Efficace et al. [43] 
showed no relationship between age and the severity of depressive symptoms. Gibek 
et al. [17], Brochmann et al. [32], and Padrnos et al. [40] indicate that elderly patients 
with MPN have a lower chance of depression compared to younger patients. These 
discrepancies may stem from differences in disease type and treatment approaches.

The conducted research has several limitations. The GHQ-28 and 4DSQ screen-
ing tests used do not diagnose depression; rather, they are only used to assess patients 
for depressive symptoms. For the diagnosis of depression, the ICD-11 or DSM-5 
diagnostic criteria should be used. Therefore, the obtained results are exploratory 
and require further investigation. Another limitation is that patients were examined 
only once, which is related to the type of study. In future research, patients should 
undergo similar examinations several times to determine whether the introduction of 
a psychological or psychiatric intervention, as well as the duration or modification of 
treatment, affects the patient’s condition. A further limitation was the use of an un-
validated symptom burden measurement tool developed by the authors. The rationale 
was to use this questionnaire in two types of patient groups.

Conclusions

Depressive symptoms are common in patients with CML and MPN. Additionally, 
individual side effects of IFNα and TKI treatments have an impact on the occurrence 
of these symptoms. The severity of depressive symptoms differed between the groups, 
depending on the assessment tool used. In both groups, fatigue and frequent infections 
are characteristic side effects. Significant predictors of the risk of developing depression 
included the number of side effects, age (older patients), and the underlying disease 
(CML or MPN, depending on the assessment tool). The relationship between IFNα 
treatment and the development of depression was not confirmed.

Based on the presented results, an increased risk of clinical depression can be 
observed in the studied patient groups. Routine screening for depression should be 
implemented in this patient population. Knowledge about possible disorders, as well 
as improvement of mental health and quality of life in hemato-oncological patients at 
various stages of treatment, can play a very important role in patient care. The selection 
of appropriate psychological, psychiatric, or psychotherapeutic support strategies may 
subsequently help reduce the occurrence or severity of depressive symptoms, improve 
patients’ quality of life, decrease the percentage of patients resigning from treatment 
due to side effects, and increase the percentage of patients returning to treatment despite 
experiencing burdensome side effects of treatment.

 In the future, this knowledge will guide the development and implementation of 
appropriate psycho-educational care methods. It may also support the introduction 
of innovative medical and psycho-educational approaches that address the psycho-
oncological needs of the aforementioned patient groups.



271Comparison of depressive symptoms between patients with myeloproliferative neoplasms

References

1.	 Spivak JL. Myeloproliferative neoplasms. N. Engl. J. Med. 2017; 376(22): 2168–2181. Doi: 
10.1056/NEJMra1406186.

2.	 Nangalia J, Green AR. Myeloproliferative neoplasms: From origins to outcomes. Blood 2017; 
130(23): 2475–2483. https://doi.org/10.1182/blood-2017-06-782037.

3.	 Tefferi A, Thiele J, Vardiman JW. The 2008 World Health Organization classification system for 
myeloproliferative neoplasms: Order out of chaos. Cancer 2009; 115(17): 3842–3847. https:// 
doi.org/10.1007/s11899-019-00508-w.

4.	 Mendez Luque LF, Blackmon AL, Ramanathan G, Fleischman AG. Key role of inflammation 
in myeloproliferative neoplasms: Instigator of disease initiation, progression. and symptoms. 
Curr. Hematol. Malig. Rep. 2019; 14(3): 145–153. 10.1007/s11899-019-00508-w.

5.	 Tefferi A. Myeloproliferative neoplasms: A decade of discoveries and treatment advances. Am. 
J. Hematol. 2016; 91(1): 50–58. 10.1002/ajh.24221.

6.	 Huang CE, Wu YY, Hsu CC, Chen YJ, Tsou HY, Li CP et al. Real-world experience with 
Ropeginterferon-alpha 2b (Besremi) in Philadelphia-negative myeloproliferative neoplasms. 
J. Formos. Med. Assoc 2021; 120(2): 863–873. https://doi.org/10.1016/j.jfma.2020.08.021.

7.	 Forsyth CJ, Chan W, Grigg AP, Cook NC, Lane SW, Burbury KL et al. Recommendations for 
the use of pegylated interferon‐α in the treatment of classical myeloproliferative neoplasms. 
Inter. Med. J. 2019; 49(8): 948–954. https://doi.org/10.1111/imj.14154.

8.	 Keskin D, Sadri S, Eskazan AE. Dasatinib for the treatment of chronic myeloid leukemia: 
Patient selection and special considerations. Drug Des. Devel. Ther. 2016; 10: 3355–3361. 
https://doi.org/10.2147/dddt.s85050.

9.	 Sacha T, Saglio G. Nilotinib in the treatment of chronic myeloid leukemia. Future Oncol. 2019; 
15(9): 953–965. https://doi.org/10.2217/fon-2018-0468.

10.	 Grabek J, Straube J, Bywater M, Lane SW. MPN: The molecular drivers of disease initiation, 
progression and transformation and their effect on treatment. Cells 2020; 9(8): 1901. https:// 
doi.org/10.3390/cells9081901.

11.	 Benevolo G, Vassallo F, Urbino I, Giai V. Polycythemia vera (Pv): Update on emerging treatment 
options. Ther. Clin. Risk Manag. 2021; 17: 209–221. https://doi.org/10.2147%2FTCRM. S213020.

12.	 Kirkwood JM, Bender C, Agarwala S, Tarhini A, Shipe-Spotloe J, Smelko B et al. Mechanisms 
and management of toxicities associated with high-dose interferon alfa-2b therapy. J. Clin. 
Oncol. 2002; 20(17): 3703–3718. https://doi.org/10.1200/jco.2002.03.052.

13.	 Mondello P, Di Mirto C, Cuzzocrea S, Arrigo C, Mian M, Pitini V. Interferon alpha has a strong 
anti-tumor effect in Philadelphia-negative myeloproliferative neoplasms. Clin. Lymphoma 
Myeloma Leuk. 2019; 19(8): e489–495. https://doi.org/10.1016/j.clml.2019.03.027.

14.	 Gambacorti-Passerini C, Coutre P Le, Piazza R. The role of bosutinib in the treatment of 
chronic myeloid leukemia. Future Oncol. 2019; 16(2): 4395–4408. https://doi.org/10.2217/ 
fon-2019-0555.

15.	 Caldemeyer L, Dugan M, Edwards J, Akard L. Long-term side effects of tyrosine kinase inhibi-
tors in chronic myeloid leukemia. Curr. Hematol. Malig. Rep/ 2016; 11(2): 71–79. https://doi. 
org/10.1007/s11899-016-0309-2.

16.	 Sacha T. Imatinib in chronic myeloid leukemia: An overview. Mediterr. J. Hematol. Infect. Dis. 
2014; 6(1): e2014007. https://doi.org/10.4084%2FMJHID.2014.007.

17.	 Gibek K, Sacha T, Cyranka K. Comparison of depressive, anxiety, and somatic symptoms in 
patients with essential thrombocythemia, polycythemia vera, and myelofibrosis treated with 
interferon alpha. Acta Haematol. Pol. 2022; 54(1): 18–30. 10.5603/AHP.a2022.0058.



Katarzyna Gibek, Tomasz Sacha272

18.	 Shi D, Li Z, Li Y, Jiang Q. Variables associated with self-reported anxiety and depression 
symptoms in patients with chronic myeloid leukemia receiving tyrosine kinase inhibitor therapy. 
Leuk. Lymphoma 2021; 62(3): 640–648. https://doi.org/10.1080/10428194.2020.1842397.

19.	 Sasaki T, Akaho R, Sakamaki H, Akiyama H, Yoshino M, Hagiya K et al. Mental disturbances 
during isolation in bone marrow transplant patients with leukemia. Bone Marrow Transplant. 
2000; 25(3): 315–318. https://doi.org/10.1038/sj.bmt.1702117.

20.	 Seo HJ, Baek YG, Cho BS, Kim TS, Um YH, Chae JH. Anxiety and depression of the patients 
with hematological malignancies during hospitalization for hematopoietic stem cell transplan-
tation. Psychiatry Investig. 2019; 16(10): 751–758. https://doi.org/10.30773/pi.2019.07.12.

21.	 Fitzgerald P, Lo C, Li M, Gagliese L, Zimmermann C, Rodin G. The relationship between de-
pression and physical symptom burden in advanced cancer. BMJ Support. Palliat. Care 2015; 
5(4): 381–388. https://doi.org/10.1136/bmjspcare-2012-000380.

22.	 Cella D, Nowinski CJ, Frankfurt O. The impact of symptom burden on patient qual-
ity of life in chronic myeloid leukemia. Oncology 2014; 87(3): 133–147. https://doi. 
org/10.1159/000362816.

23.	 Gibek K, Sacha T, Cyranka K. Side effects of treatment with tyrosine kinase inhibitors in patients 
with chronic myeloid leukemia and the occurrence of anxiety symptoms. Psychiatr. Pol. 2022; 
58(1): 25–38. https://doi.org/10.12740/pp/onlinefirst/152782.

24.	 Kim SR, Charos A, Damsky W, Heald P, Girardi M, King BA. Treatment of generalized deep 
morphea and eosinophilic fasciitis with the Janus kinase inhibitor tofacitinib. JAAD Case Rep. 
2018; 4(5): 443–345. https://doi.org/10.1016%2Fj.jdcr.2017.12.003.

25.	 Yacoub A, Mascarenhas J, Kosiorek H, Prchal JT, Berenzon D, Baer MR et al. Pegylated 
interferon alfa-2a for polycythemia vera or essential thrombocythemia resistant or intolerant 
to hydroxyurea. Blood 2019; 134(18): 1498–1509. https://doi.org/10.1182/blood.2019000428.

26.	 Chan O, Talati C, Isenalumhe L, Shams S, Nodzon L, Fradley M et al. Side-effects profile and 
outcomes of ponatinib in the treatment of chronic myeloid leukemia. Blood Adv. 2020; 4(3): 
530–538. https://doi.org/10.1182%2Fbloodadvances.2019000268.

27.	 Pophali PA, Patnaik MM. The role of new tyrosine kinase inhibitors in chronic myeloid leu-
kemia. Cancer J. 2016; 22(1): 40–50. https://doi.org/10.1097%2FPPO.0000000000000165.

28.	 Makowska Z, Merecz D. Polska adaptacja kwestionariuszy ogólnego stanu zdrowia Davida 
Goldberga: GHQ-12 i GHQ-28. Łódź: Oficyna Wydawnicza Instytutu Medycyny Pracy; 
2001.

29.	 Makowska Z, Merecz D, Mościcka A, Kolasa W. The validity of General Health Question-
naires, GHQ-12 and GHQ-28, in mental health studies of working people. Int. J. Occup. Med. 
Environ. Health 2002; 15(4): 353–362.

30.	 Czachowski S, Izdebski A, Terluin B, Izdebski P. Walidacja kwestionariusza 4DSQ mierzą-
cego dystres, depresję, lęki i somatyzację w Polsce. Problemy Medycyny Rodzinnej 2013; 
14(4(40)): 14–20.

31.	 McFarland DC, Polizzi H, Mascarenhas J, Kremyanskaya M, Holland J, Hoffman R. 
Psychological symptoms among patients with BCR-ABL-negative myeloproliferative neo-
plasms. J. Natl. Compr. Cancer Netw. 2016; 14(12): 1563–1570. https://doi.org/10.6004/
jnccn.2016.0168.

32.	 Brochmann N, Flachs EM, Christensen AI, Bak M, Andersen CL, Juel K et al. Anxiety and 
depression in patients with Philadelphia-negative myeloproliferative neoplasms: A nationwide 
population-based survey in Denmark. Clin. Epidemiol. 2019; 11: 23–33. https://doi.org/10.2147/ 
CLEP.S162688.



273Comparison of depressive symptoms between patients with myeloproliferative neoplasms

33.	 Yu L, Huang X, Gale RP, Wang H, Jiang Q. Variables associated with patient-reported 
symptoms in persons with chronic phase chronic myeloid leukemia receiving tyrosine kinase 
inhibitor therapy. Medicine (Baltimore) 2019; 98(48): e18079. https://doi.org/10.1097/ 
md.0000000000018079.

34.	 Phillips KM, Pinilla-Ibarz J, Sotomayor E, Lee MR, Jim HSL, Small BJ et al. Quality of life 
outcomes in patients with chronic myeloid leukemia treated with tyrosine kinase inhibitors: 
A controlled comparison. Support. Care Cancer 2013; 21(4): 1097–1103. https://doi.org/10.1007/ 
s00520-012-1630-5.

35.	 Xu X, Shen B, Zhang A, Liu J, Da Z, Liu H et al. Anxiety and depression correlate with disease 
and quality-of-life parameters in Chinese patients with ankylosing spondylitis. Patient Prefer. 
Adherence 2016; 10: 879–885. https://doi.org/10.2147/ppa.s86612.

36.	 Brintzenhofe-Szoc KM, Levin TT, Li Y, Kissane DW, Zabora JR. Mixed anxiety/depression 
symptoms in a large cancer cohort: Prevalence by cancer type. Psychosomatics 2009; 50(4): 
383–391. https://doi.org/10.1176/appi.psy.50.4.383.

37.	 Ciftciler R, Haznedaroglu IC. Tailored tyrosine kinase inhibitor (TKI) treatment of chronic 
myeloid leukemia (CML) based on current evidence. Eur. Rev. Med. Pharmacol. Sci. 2021; 
25(24): 7787–7798. https://doi.org/10.26355/eurrev_202112_27625.

38.	 Bower H, Björkholm M, Dickman PW, Höglund M, Lambert PC, Andersson TML. Life 
expectancy of patients with chronic myeloid leukemia approaches the life expectancy of 
the general population. J. Clin. Oncol. 2016; 34(24): 2851–2857. https://doi.org/10.1200/ 
JCO.2015.66.2866.

39.	 Fried EI. The 52 symptoms of major depression: Lack of content overlap among seven com-
mon depression scales. J. Affect. Disord. 2017; 208: 191–197. https://doi.org/10.1016/j. 
jad.2016.10.019.

40.	 Padrnos L, Scherber R, Geyer H, Langlais BT, Dueck AC, Kosiorek HE et al. Depressive symp-
toms and myeloproliferative neoplasms: Understanding the confounding factor in a complex 
condition. Cancer Med. 2020; 9(22): 8301–8309. https://doi.org/10.1002/cam4.3380.

41.	 Baider L, Bengel J. Cancer and the spouse: Gender-related differences in dealing with health 
care and illness. Crit. Rev. Oncol. Hematol. 2001; 40(2): 115–123. https://doi.org/10.1016/ 
S1040-8428(01)00137-8.

42.	 Gibek K, Sacha T. Assessment of factors affecting the mental condition of patients with chronic 
myeloid leukemia treated with tyrosine kinase inhibitors. Psychiatr. Pol. 2023; 57(4): 775–789. 
https://doi.org/10.12740/pp/onlinefirst/130264.

43.	 Efficace F, Breccia M, Cottone F, Okumura I, Doro M, Riccardi F et al. Psychological well-being 
and social support in chronic myeloid leukemia patients receiving lifelong targeted therapies. 
Support. Care Cancer 2016; 24(12): 4887–4894. https://doi.org/10.1007/s00520-016-3344-6.

44.	 Janssen L, Blijlevens NMA, Drissen MMCM, Bakker EA, Nuijten MAH, Janssen JJWM et al. 
Fatigue in chronic myeloid leukemia patients on tyrosine kinase inhibitor therapy: Predictors 
and the relationship with physical activity. Haematologica 2021; 106(7): 1876–1882. https:// 
doi.org/10.3324/haematol.2020.247767.

45.	 McFarland DC, Shaffer KM, Polizzi H, Mascarenhas J, Kremyanskaya M, Holland J et al. 
Associations of physical and psychologic symptom burden in patients with Philadelphia 
chromosome-negative myeloproliferative neoplasms. Psychosomatics 2018; 59(5): 472–480. 
https://doi.org/10.1016/j.psym.2018.01.006.

46.	 Trask PC, Paterson AG, Esper P, Pau J, Redman B. Longitudinal course of depression, fatigue, 
and quality of life in patients with high risk melanoma receiving adjuvant interferon. Psychoon-
cology 2004; 13(8): 526–536. https://doi.org/10.1002/pon.770.



Katarzyna Gibek, Tomasz Sacha274

47.	 Brandberg Y, Aamdal S, Bastholt L, Hernberg M, Stierner U, Von Der Maase H et al. Healthre-
lated quality of life in patients with high-risk melanoma randomised in the Nordic phase 3 trial 
with adjuvant intermediate-dose interferon alfa-2b. Eur. J. Cancer 2012; 48(13): 2012–2019. 
https://doi.org/10.1016/j.ejca.2011.11.019.

48.	 Costanzo ES, Ryff CD, Singer BH. Psychosocial adjustment among cancer survivors: Find-
ings from a national survey of health and well-being. Health Psychol. 2009; 28(2): 147–156. 
https:// doi.org/10.1037/a0013221.

Address: Katarzyna Gibek 
e-mail: k.gibek@alumni.uj.edu.pl


