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Background: Hematological cancer patients must comply with extensive

medical instructions to prevent cancer progression or relapse. Psychological

comorbidities and patient characteristics have been shown to affect compliance.

However, the impact of posttraumatic stress disorder (PTSD) and adjustment

disorder (AjD) on compliance in cancer patients remains unclear. This study aims

to evaluate compliance in hematological cancer patients more comprehensively

and to investigate its association with PTSD and AjD symptomatology as well as

sociodemographic and medical factors.

Methods: Hematological cancer patients were cross-sectionally assessed via

validated questionnaires for PTSD (PCL-5) and AjD (ADMN-20), and three

internally developed items on compliance with medical regimen, with two

referring to compliance behavior and one item assessing perceived difficulties

with complying. Each compliance item was analyzed descriptively. Multiple linear

regression models tested the association between compliance and PTSD and AjD

symptomatology, sociodemographic and medical factors.

Results: In total, 291 patients were included (response rate 58%). Nine out of

ten patients reported to either never (67%) or rarely (25%) change their medical

regimen. However, 8% reported to change it once in a while or often. Compliance

behavior was mostly rated as very easy (36%) or easy (45%) to implement.

Nevertheless, 19% perceived it to be partly difficult or difficult to follow medical

regimen. Symptoms of AjD (β = 0.31, p < 0.001) were associated with more

difficulties to comply. Higher compliance behavior in turn was associated with

stem cell transplantation (SCT) treatment (β = −0.21, p < 0.001) and lower

education (β = −0.19, p = 0.002).
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Conclusion: Although most patients indicated that they comply with medical

regimen, a considerable subgroup of patients indicated subjectively perceived

difficulties and thus seem to require additional support in implementing medical

instructions possibly through improved medical communication and patient

health literacy or shared decision-making.

KEYWORDS

cancer, compliance, hematological cancer, posttraumatic stress disorder, adjustment
disorder

Introduction

Hematological cancer patients are often treated with
permanent or self-administered medication (Weingart et al.,
2008) and must follow medical regimen to prevent severe
complications, disease progression or relapse. Compared to
other cancer types, medical regimen for hematological cancer
patients often contains more complex or aggressive treatments,
such as a stem cell transplantation (SCT), in addition to
complex schedules of multiple drugs over a long period of
time, spatial isolation and hygienic standards after receiving
a SCT (Sullivan et al., 2001). Non-compliance with medical
treatment has been found to increase healthcare utilization,
hospitalization and medical costs (Wu et al., 2009), in addition
to affecting the outcome and mortality of the underlying cancer
disease (Simpson et al., 2006; Pinquart and Duberstein, 2010;
Zhu et al., 2017), especially in patients after SCT (Prieto
et al., 2005; Harashima et al., 2019). Compliance with medical
regimen, also called adherence in the literature and to be used
synonymously here (DiMatteo et al., 2000), is therefore of
particular interest in hematological cancer patients. Previous
studies and systematic reviews focusing on hematological cancer
patients report compliance rates between 20 and 98% (Hall
et al., 2016; Bouwman et al., 2017), depending on the definition
of compliance, e.g., mean compliance scores, categories, or
percentages of fully compliant patients. Several sociodemographic
and medical factors have been found to be associated with
compliance, like age, sex, education, treatment-related side
effects or physical comorbidities (Verbrugghe et al., 2013;
Puts et al., 2014). However, previous studies on compliance
mainly focused on medication compliance, which does not
encompass extensive medical regimen faced by hematological
cancer patients, e.g., following hygienic standards at home after
SCT. Compliance thus needs to be approached as a broader
construct.

Due to severely stressful events faced by many cancer patients
during cancer diagnosis and intensive treatment, high levels of
distress and symptoms of posttraumatic stress disorder (PTSD) or
adjustment disorder (AjD) are prevalent comorbidities (Mehnert
and Koch, 2007; Smith et al., 2008; Mitchell et al., 2011; Abbey et al.,
2015; Van Beek et al., 2022). Several sociodemographic and medical
factors have been shown to influence frequency and severity
of PTSD and AjD symptomatology. Most commonly reported
factors comprise more invasive treatments, physical comorbidities,
younger age, advanced types of cancer and lack of social support

(Smith et al., 2008; Cordova et al., 2017; Jung et al., 2021). We
recently demonstrated with the same sample of hematological
cancer patients that one in three patients suffers from clinically
relevant levels of cancer-related PTSD or subthreshold PTSD,
and more than half met at least one core symptom cluster of
AjD (Springer et al., 2023). Symptoms related to PTSD or AjD,
such as avoidance of cancer-related stressors, might influence
patients’ health behavior, e.g., compliance with self-administered
medication. Psychological comorbidities in cancer patients have
been shown to reduce compliance with cancer treatment (DiMatteo
et al., 2000; Theofilou and Panagiotaki, 2012; Arrieta et al., 2013;
Bouwman et al., 2017; Haskins et al., 2019). This association is
often adduced as a factor moderating the effect of psychological
comorbidities on health-related outcomes or cancer mortality
(DiMatteo et al., 2000; Pinquart and Duberstein, 2010). Previous
studies in cancer patients, however, mainly focused on depression
and anxiety (DiMatteo et al., 2000; Theofilou and Panagiotaki, 2012;
Arrieta et al., 2013; Bouwman et al., 2017; Haskins et al., 2019).
Even though studies on populations other than cancer patients,
e.g., stroke survivors (Kronish et al., 2012) or patients with human
immunodeficiency virus (HIV) (Delahanty et al., 2004), have
investigated PTSD and compliance, comparable data on cancer
populations are lacking to date. Nevertheless, the importance of
PTSD and AjD treatment in cancer patients is often attributed to
its impact on compliance.

Therefore, the aims of the present study were (i) to evaluate
rates of compliance with medical regimen in hematological cancer
patients and (ii) to investigate the association between compliance
and PTSD and AjD symptoms, as well as with sociodemographic
and medical factors.

Methods

Study design and participants

Hematological cancer patients were included in this cross-
sectional study from different wards and the outpatient unit of
the Clinic for Hematology, Cellular Therapy and Hemostaseology
at the University Medical Center Leipzig. Inclusion criteria were
(i) diagnosis of any hematological malignancy, myelodysplastic
syndrome, or other neoplasms of the lymphoid, hematopoietic and
related tissues (ICD-10: C81-C96, D46-47), (ii) aged 18−70, (iii)
no planned re-admission at the time of study inclusion, (iv) fluent
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in German language, and (v) cognitively able to provide informed
consent. Patients with SCT were only included if their most recent
SCT was less than 2 years before study inclusion in order to capture
relevant treatment-related stressors. All included patients provided
written informed consent. The study protocol was approved by
the ethics committee of the Medical Faculty at the University of
Leipzig (447/17-ek).

Recruitment took place from April 2019 to September 2021. In
a first recruitment wave, attending physicians approached eligible
patients at inpatient wards and asked for their agreement to be
contacted by a member of the study team. Additionally, patients
were recruited after the study was presented at a patient congress
and advertised in the network of two German blood cancer
organizations. During the study phase, the recruitment procedure
was adapted due to the COVID-19 pandemic in order to reduce
personal contacts and the workload of physicians. Subsequently
in the second recruitment wave, a study member screened all
patients scheduled for the outpatient clinic for their eligibility via
the clinics documentation system. All eligible patients were then
contacted by the study team via phone or mail, were informed
about the study and asked for their participation. The sample is
thus based on convenience sampling, and non-responder analyses
were computed to indicate a possible bias of the sample. Patients
who declined study participation were asked about their reason for
non-participation.

Data collection

Participants were assessed via paper-pencil questionnaire at
home and a structured clinical interview over the phone or
in person. If the questionnaire was missing, participants were
reminded regularly by phone for up to 5 times. The assessment was
done at a minimum of 6 weeks after the end of treatment to ensure
that there were no more acute treatment-related stressors. Patients
receiving a permanent treatment were assessed directly after study
inclusion. An incentive of 20 Euros was paid to participants who
completed the study assessment.

Outcomes

Compliance with medical regimen was assessed via self-
report with three internally-developed items used before by
our research group (Schröder and Ernst, 2008), since we did
not find an adequate questionnaire for this purpose that more
comprehensively addressed compliance with all kinds of medical
regimen directed at hematological cancer patients. Compliance
behavior was assessed with two items, one for general compliance
behavior (“Overall, how do you rate your compliance with medical
regimen?”), rated on a visual analog scale (0 = I do not comply
with medical regimen at all, 100 = I fully comply with medical
regimen), and the second for modifications of medical regimen
on the patients’ own initiative (“Have you ever independently
changed your medical regimen, e.g., the dose of medication or
the period of taking it?”) with answers on a 5-point Likert
scale (0 = never, 1 = rarely, 2 = once in a while, 3 = often,
4 = all the time). The second item was inversely recoded, so

that higher values reflect higher compliance. The third item
assessed subjectively perceived difficulties with complying with
medical regimen (“Compliance with important medical regimen
for me is usually...”), rated on a 5-point Likert scale (0 = very
easy, 1 = easy, 2 = partly easy partly difficult, 3 = difficult,
4 = very difficult), with higher scores indicating greater perceived
difficulties.

Posttraumatic stress disorder (PTSD) symptomatology was
assessed with the Posttraumatic Stress Disorder Checklist (PCL-5)
(Blevins et al., 2015; Krüger-Gottschalk et al., 2017). Twenty items
are rated on a 5-point Likert scale (0 = not at all, 4 = extremely),
with a sum score ranging from 0 to 80. Higher values indicate
higher symptomatology. The scale shows good reliability and
validity (Blevins et al., 2015; Krüger-Gottschalk et al., 2017). PTSD
symptoms were assessed only in relation to cancer-related stressful
events.

Adjustment disorder symptomatology was assessed with the 20
item Adjustment Disorder New Module (ADNM-20) (Glaesmer
et al., 2015; Lorenz et al., 2016), whereby 19 items assess AjD
symptoms, and one item refers to the functional impairment caused
by the symptoms. All items are rated on a 4-point Likert scale
(1 = never, 4 = often), with a sum score ranging from 20 and 80.
Higher values indicate higher symptomatology. The scale shows
good reliability and validity (Glaesmer et al., 2015; Lorenz et al.,
2016). AjD symptoms were assessed only in relation to cancer-
related stressful events.

Data on sociodemographic and medical variables were
extracted from medical charts (i.e., age, sex, diagnosis, date of
diagnosis, relapse, and SCT treatment) and via self-report from the
questionnaire (i.e., education, employment, partner, remission, and
cancer treatment).

Statistical analysis

The sample characteristics were displayed descriptively. Non-
responder-analyses via Chi-square- and independent t-test could
be performed among all patients screened at the hematological
outpatient clinic.

Compliance with medical regimen, i.e., general compliance,
modifications of medical regimen and perceived difficulties with
complying, were described descriptively for the total sample.
Spearman correlation coefficients between all compliance items
were reported with small, medium and large correlations at ≥0.10,
≥0.30, and ≥0.50, respectively, (Cohen, 1992).

To investigate associated factors with compliance, a multistep
approach was applied. First, we applied separate linear regression
models to identify relevant factors associated with compliance.
For this, we investigate the association between the three
compliance items as dependent variables and PTSD and AjD
symptoms, as well as medical and sociodemographic factors
as independent variables, i.e., PTSD (sum score), AjD (sum
score), age (in years), sex (male vs. female), education (≤10
years vs. >10 years), remission (remission vs. active disease),
relapse (yes vs. no), SCT treatment (yes vs. no), and number
of physical comorbidities. Then, significant factors (p < 0.05)
from univariate regression models were entered into multiple
linear regression models for each compliance item separately,
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to test the importance of associated factors controlled for the
others. Effect sizes for independent variables were reported as
Cohen’s f2 (small ≥ 0.02, medium ≥ 0.15, large ≥ 0.35) (Cohen,
1992).

All statistical tests were two-tailed, with a significance level of
5%. Analyses were conducted using R (version 4.1.0) (R Core Team,
2021).

Results

Sample characteristics

In total, 291 hematological cancer patients were included in the
study [response rate 58%; for more details on the participant flow,
see previous publication (Springer et al., 2023)]. In total, 174 (60%)
were male and the average age was 55 years (Table 1). Responders
and non-responders did not differ in relevant sociodemographic
and medical variables, i.e., age, sex, diagnosis, time since diagnosis,
SCT treatment. Thirty-two patients (12%) had a relapse diagnosis
and the average time since diagnosis was 2 years. A total of
285 patients provided questionnaire data and were considered for
further analyses.

Compliance with medical regimen

General compliance behavior showed a median value of 97
with a range from 16 to 100. Altogether, 94% of the patients
scored ≥80. Regarding modifications of medical regimen, nine
out of ten patients reported to either “never” (67%) or “rarely”
(25%) change any medical regimen on their own initiative
(Table 2). The remaining patients reported to change medical
regimen “once in a while” or “often.” Complying with medical
regimen was rated by four out of five patients as either
“very easy” (36%) or “easy” (45%). However, one out of five
patients indicated to find it at least “partly difficult” to comply
with medical regimen. General compliance and modifications of
medical regimen correlated (Spearman correlation) with r = 0.49
(p < 0.001), whereas perceived difficulties with complying
negatively correlated with general compliance (r = −0.27,
p < 0.001) and with modifications of medical regimen (r = −0.22,
p < 0.001).

Stressor-related symptoms,
sociodemographic and medical factors
associated with compliance

In the univariate regression model, general compliance
behavior was predicted by older age and SCT treatment. SCT
remained significant in the multiple regression model with small
effect size (Table 3). Less frequent modifications of medical
regimen were predicted in the univariate regression model by
older age, SCT treatment and lower education, whereby SCT
and education remained significant in the multiple regression
model when controlled for other factors, with small effect
sizes.

TABLE 1 Sample characteristics.

Total sample
(n = 291)

Age in years; mean (SD) 54.5 (12.5)

Gender

Female 117 (40.2)

Male 174 (59.8)

Education

≤10 years 131 (48.3)

>10 years 140 (51.7)

Employment

Currently working 119 (40.9)

Not working because of cancer 83 (28.5)

Retired 69 (23.7)

Unemployed 12 (4.1)

Partner

Yes 204 (79.4)

No 53 (20.6)

Diagnosis

Hodgkin lymphoma 19 (6.5)

Non-follicular lymphoma 38 (13.1)

Multiple myeloma 67 (23.0)

Lymphoid leukemia (acute and chronic) 29 (10.0)

Myeloid leukemia (acute and chronic) 67 (23.0)

Myelodysplastic syndrome 26 (8.9)

Other 45 (15.5)

Time since diagnosis in months; mean (SD),
median

24.3 (33.9), 13

Remitted 104 (40.6)

Relapse 32 (11.7)

Days in hospital; mean (SD), median 70.5 (67.3), 55

Days in isolation; mean (SD), median 27.0 (16.5), 25

Treatment

Chemotherapy 231 (79.4)

Radiation 56 (19.2)

Antibody 56 (19.2)

Surgery 33 (11.3)

SCT (allogeneic and/or autologous) 161 (55.3)

Other treatment 47 (16.2)

This table has been published in a similar form elsewhere (Springer et al., 2023); Displayed n
and %, if not otherwise noted; most variables were self-reported in the questionnaire, thus
percentages are based on valid answers in the questionnaire and sometimes not the full
sample; SCT, stem cell transplantation; SD, standard deviation.

Greater perceived difficulties with complying were predicted in
the univariate regression models by elevated symptoms of PTSD
and AjD, as well as female sex and physical comorbidities. AjD
symptomatology remained significant in the multiple regression
model when controlled for the other factors, with medium effect
size.
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TABLE 2 Compliance with medical regimen – item scores.

Modifications of medical regimen Perceived difficulties with compliance

Never 183 (67) Very easy 98 (36)

Rarely 68 (25) Easy 121 (45)

Once in a while 17 (6) Partly easy partly difficult 43 (16)

Often 5 (2) Difficult 7 (3)

All the time 0 (0) Very difficult 1 (0)

Displayed n (%).

TABLE 3 Association between stressor-related symptoms, sociodemographic, medical factors, and compliance with medical regimen.

Univariate regression Multiple regression

β SE f2 p β SE f2 p

General compliance behavior

Age 0.14 0.05 0.02 0.02 0.11 0.05 0.01 0.07

SCT (yes vs. no) −0.18 0.66 0.03 0.003 −0.15 0.68 0.02 0.01

Modifications of medical regimena

Age 0.17 0.00 0.03 0.006 0.09 0.00 0.01 0.14

SCT (yes vs. no) −0.22 0.04 0.05 <0.001 −0.21 0.04 0.04 <0.001

Education (≤10 years vs. >10
years)

−0.23 0.08 0.06 <0.001 −0.19 0.08 0.04 0.002

Perceived difficulties with compliance

PTSD sum score 0.31 0.00 0.10 <0.001 0.01 0.01 0.00 0.94

AjD sum score 0.36 0.00 0.15 <0.001 0.31 0.01 0.04 0.001

Sex (female vs. male) −0.13 0.10 0.02 0.03 −0.07 0.10 0.01 0.21

Physical comorbidities 0.22 0.01 0.05 <0.001 0.08 0.01 0.01 0.21

Displayed all significant factors from univariate regression models that were then entered into multiple regression models; significant values (p < 0.05) marked in bold; ahigher values reflect
less modifications of medical regimen; SCT, stem cell transplantation; PTSD, posttraumatic stress disorder; AjD, adjustment disorder; β, standardized regression coefficient; SE, standard error;
f2 , Cohens’ f2 .

Discussion

This cross-sectional study investigated compliance
with medical regimen, its association with PTSD and AjD
symptomatology, as well as with sociodemographic and medical
factors in a sample of hematological cancer patients. The vast
majority of the patients reported high overall compliance
behavior, and only few mentioned having independently
changed their medical regimen. However, one fifth of the
patients reported at least some difficulties with complying with
the medical regimen they had received. In addition, patients
with elevated symptoms of AjD and PTSD reported greater
perceived difficulties with compliance, even though their actual
compliance behavior had not been affected. Furthermore, patients
who had received a SCT tended to be more compliant than
patients without SCT.

Studies among hematological cancer patients have reported
that about 50% of the participants had been fully compliant with
their medication (Hall et al., 2016; Bouwman et al., 2017). This
corresponds well with our results, which show that half of the
patients scored 97 or higher on a scale from 0 to 100 for general
compliance. Nevertheless, our results revealed no association
between symptoms of PTSD or AjD with compliance behavior.
A meta-analysis had previously linked medication compliance

behavior with other psychological comorbidities, with mixed
results showing that cancer patients suffering from depression were
more likely to be non-compliant; however, such an association
was not detected with anxiety (DiMatteo et al., 2000). A recent
study among 472 hematological cancer patients found no effect
of depression and anxiety on medication compliance (Bouwman
et al., 2017). This corresponds well with our results indicating
no association between PTSD and AjD symptomatology and
compliance behavior. Even though many studies outline the
necessity to treat stressor-related symptoms in cancer patients due
to their perceived impact on compliance, empirical studies on
PTSD and AjD were lacking. We thus aimed to expand existing
evidence on the link between psychological comorbidities and
compliance in cancer patients. Although we did not observe an
association between compliance behavior and PTSD or AjD, this
does not necessarily imply that there is no effect on compliance. For
instance, different coping mechanisms as a response to trauma and
severely stressful situations may cancel each other out. On the one
hand, there may be avoidance of the stressor, leading to reduced
compliance behavior, or, on the other hand, the response may
be approaching the stressor and increasing one’s focus, leading to
highly compliant behavior (Roth and Cohen, 1986). Future research
investigating trauma coping mechanisms in relation to compliance
behavior is necessary to test this hypothesis.
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Difficulties with complying with medical regimen had not
been investigated in previous studies and, in our results, showed
only small correlations with compliance behavior. One explanation
for our result of increased perceived difficulties in patients with
cancer-related AjD and PTSD might be that cancer patients are
constantly reminded of their cancer-related stressors by internal
bodily signs and situations in which they need to follow their
medical regimen. This may lead to a persistent increase of
psychological distress with little possibilities to avoid stressors,
which might affect the subjectively perceived difficulty to act
upon medical cancer-related regimen. A similar effect might occur
in patients with additional physical comorbidities, which have
been shown to increase difficulties with compliance in our results
when tested independently. However, physical comorbidities and
PTSD did not remain significant when adjusting for other
medical and psychological factors and results should thus be
interpreted with caution. The different picture in associated factors
for compliance behavior and perceived difficulties to comply
underlines the necessity for the development of specific assessment
tools for compliance in hematological cancer patients that capture
compliance and relevant barriers in more detail.

Although there is extensive research investigating compliance
rates and determinants in hematological cancer patients after SCT
(Morrison et al., 2017), a systematic comparison of patients with
and without SCT is lacking. Our results indicate higher compliance
in patients with SCT. This might be explained by their medical
history of cancer treatment, including longer time spent in hospital
and an urgent need to follow medical regimen to avoid life-
threatening complications. It may be hypothesized that medical
regimen for SCT recipients is introduced by treating physicians
in more detail and with greater importance attached to them,
compared to hematological cancer patients receiving other cancer
treatments. Contrary to our results showing less educated people
to be more compliant, a study among 169 patients with chronic
myeloid leukemia found higher education levels to be associated
with better medication compliance (Noens et al., 2009). However,
they assessed general compliance, regarding which we did not
observe an effect of education. Modifications of medical regimen,
that were associated with level of education in our study, may
represent a different part compliance behavior. One explanation for
our results may be that patients with lower education are less likely
to modify their medical regimen, as this would represent an action
and decision contrary to the physician’s medical opinion. Such
independent decision-making requires sufficient health literacy,
which has been shown to be reduced in patients with lower
education (Van Der Heide et al., 2013).

Clinical implications

Even though most patients reported compliance with medical
regimen and did not change the prescribed medical regimen,
there is a substantial part of patients indicating at least some
difficulties with compliance. It may therefore be valuable for
physicians to address potential difficulties already at the point
of introducing medical regimen. In this context, it may be
useful to identify the nature of these difficulties, e.g., reluctance
due to side effects of the medication, forgetting or repressing

medical regimen to avoid being constantly reminded of the
disease. This knowledge may help to overcome barriers and
provide individualized support to patients in need. In addition
to the burden caused by symptoms of PTSD and AjD, their
identification and treatment in cancer patients seems to be crucial
given perceived difficulties in compliance, as medical regimen may
be perceived as an additional stressor by an already distressed
patient. In terms of actual compliance behavior, patients with
SCT seem to be more aware of the necessity to comply and
are more compliant as a result. Additional attention should be
given to patients without SCT to improve compliance behavior in
this population.

Strengths and limitations

To our knowledge, this study is the first to investigate the
relation between compliance with PTSD and AjD symptomatology
in hematological cancer patients. Valid medical data were available
from the medical records. Furthermore, compliance was assessed
more comprehensively than in previous studies that mostly focused
on medication compliance. Thus, we provide a broader insight
into compliance with medical regimen specific to patients with
hematological malignancies.

There are several limitations to be mentioned. First, compliance
was assessed via internally developed single-items due to a lack
of appropriate assessment tools. Future research needs to develop
and evaluate standardized assessment tools of comprehensive
compliance. Second, since hematological cancer patients face
extensive medical regimen, which do not necessarily apply to other
cancer entities, and show specific cancer-stressors that may lead
to PTSD and AjD, generalizability of our results to other cancer
populations is compromised. However, unique demands, stressors
and medical regimen for hematological cancer patients require an
evaluation of specifically this cancer population. Third, the cross-
sectional design does not allow any causal conclusions regarding
the association of compliance with stressor-related symptoms and
patient characteristics. Since this was an explorative study, further
research using longitudinal data is, however, needed to confirm or
disprove our results.

Conclusion

Compliance with medical regimen in hematological cancer
patients is high in the vast majority of the patients, especially in
SCT recipients. However, subjectively perceived difficulties with
complying with medical regimen are not uncommon, as reported
by one fifth of the study participants. Specific assessment tools
for comprehensive compliance are needed to better understand
potential barriers and support patients in need with their
compliance. Symptoms of AjD and PTSD might exacerbate
distress in situations where patients are required to comply
to a medical instruction. However, overall compliance behavior
remained unaffected within this hemato-oncological sample with
a complex but critically important medical regimen to follow.
The subgroup of patients with difficulties with compliance and
those at risk of non-compliance may require further support with
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medical regimen, possibly by improving medical communication
and patient health literacy or prompting shared decision-making.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Ethics
committee Medical Faculty University of Leipzig. The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

FS: Data curation, Formal analysis, Investigation,
Methodology, Project administration, Writing – original
draft, Writing – review and editing, Conceptualization.
PE: Conceptualization, Data curation, Funding acquisition,
Investigation, Methodology, Writing – review and editing. MF:
Data curation, Methodology, Writing – review and editing. JE:
Conceptualization, Investigation, Methodology, Writing – review
and editing. UP: Resources, Writing – review and editing. VV:
Resources, Writing – review and editing. AM-T: Conceptualization,
Funding acquisition, Methodology, Supervision, Writing –
review and editing.

Funding

The author(s) declare financial support was received for
the research, authorship, and/or publication of this article. This
work was partly funded by grants from the Deutsche José
Carreras Leukämie-Stiftung e.V. (grant number: DJCLS 15R/2018).
The funding source was not involved in any stage of the
research process.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no impact
on the peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

Abbey, G., Thompson, S. B., Hickish, T., and Heathcote, D. (2015). A meta-analysis
of prevalence rates and moderating factors for cancer-related post-traumatic stress
disorder. Psychooncology 24, 371–381. doi: 10.1002/pon.3654

Arrieta, Ó, Angulo, L. P., Núñez-Valencia, C., Dorantes-Gallareta, Y., Macedo,
E. O., Martínez-López, D., et al. (2013). Association of depression and anxiety on
quality of life, treatment adherence, and prognosis in patients with advanced non-
small cell lung cancer. Ann. Surg. Oncol. 20, 1941–1948. doi: 10.1245/s10434-012-
2793-5

Blevins, C. A., Weathers, F. W., Davis, M. T., Witte, T. K., and Domino, J. L.
(2015). The Posttraumatic Stress Disorder Checklist for DSM-5 (PCL-5): Development
and initial psychometric evaluation. J. Traumatic Stress 28, 489–498. doi: 10.1002/jts.
22059

Bouwman, L., Eeltink, C. M., Visser, O., Janssen, J. J., and Maaskant, J. M. (2017).
Prevalence and associated factors of medication non-adherence in hematological-
oncological patients in their home situation. BMC Cancer 17:739. doi: 10.1186/s12885-
017-3735-1

Cohen, J. (1992). A power primer. Psychol Bull. 112, 155–159. doi: 10.1037/0033-
2909.112.1.155

Cordova, M. J., Riba, M. B., and Spiegel, D. (2017). Post-traumatic stress disorder
and cancer. Lancet Psychiatry 4, 330–338. doi: 10.1016/S2215-0366(17)30014-7

Delahanty, D. L., Bogart, L. M., and Figler, J. L. (2004). Posttraumatic stress disorder
symptoms, salivary cortisol, medication adherence, and CD4 levels in HIV-positive
individuals. AIDS Care 16, 247–260. doi: 10.1080/09540120410001641084

DiMatteo, M. R., Lepper, H. S., and Croghan, T. W. (2000). Depression is a risk
factor for noncompliance with medical treatment: Meta-analysis of the effects of
anxiety and depression on patient adherence. Arch. Intern. Med. 160:2101. doi: 10.
1001/archinte.160.14.2101

Glaesmer, H., Romppel, M., Brähler, E., Hinz, A., and Maercker, A. (2015).
Adjustment disorder as proposed for ICD-11: Dimensionality and symptom
differentiation. Psychiatry Res. 229, 940–948. doi: 10.1016/j.psychres.2015.07.010

Hall, A. E., Paul, C., Bryant, J., Lynagh, M. C., Rowlings, P., Enjeti, A., et al.
(2016). To adhere or not to adhere: Rates and reasons of medication adherence in
hematological cancer patients. Crit. Rev. Oncol. Hematol. 97, 247–262. doi: 10.1016/j.
critrevonc.2015.08.025

Harashima, S., Yoneda, R., Horie, T., Fujioka, Y., Nakamura, F., Kurokawa, M.,
et al. (2019). Psychosocial Assessment of Candidates for Transplantation scale (PACT)
and survival after allogeneic hematopoietic stem cell transplantation. Bone Marrow
Transpl. 54, 1013–1021. doi: 10.1038/s41409-018-0371-6

Haskins, C. B., McDowell, B. D., Carnahan, R. M., Fiedorowicz, J. G., Wallace,
R. B., Smith, B. J., et al. (2019). Impact of preexisting mental illness on breast cancer
endocrine therapy adherence. Breast Cancer Res. Treat. 174, 197–208. doi: 10.1007/
s10549-018-5050-1

Jung, A., Crandell, J. L., Nielsen, M. E., Mayer, D. K., and Smith, S. K. (2021). Post-
traumatic stress disorder symptoms in non-muscle-invasive bladder cancer survivors:
A population-based study. Urologic Oncol. 39, 237.e7–237.e14. doi: 10.1016/j.urolonc.
2020.11.033

Kronish, I. M., Edmondson, D., Goldfinger, J. Z., Fei, K., and Horowitz, C. R. (2012).
Posttraumatic stress disorder and adherence to medications in survivors of strokes
and transient ischemic attacks. Stroke 43, 2192–2197. doi: 10.1161/STROKEAHA.112.
655209

Krüger-Gottschalk, A., Knaevelsrud, C., Rau, H., Dyer, A., Schäfer, I., Schellong,
J., et al. (2017). The German version of the Posttraumatic Stress Disorder Checklist
for DSM-5 (PCL-5): Psychometric properties and diagnostic utility. BMC Psychiatry
17:379. doi: 10.1186/s12888-017-1541-6

Frontiers in Psychology 07 frontiersin.org

https://doi.org/10.3389/fpsyg.2023.1278485
https://doi.org/10.1002/pon.3654
https://doi.org/10.1245/s10434-012-2793-5
https://doi.org/10.1245/s10434-012-2793-5
https://doi.org/10.1002/jts.22059
https://doi.org/10.1002/jts.22059
https://doi.org/10.1186/s12885-017-3735-1
https://doi.org/10.1186/s12885-017-3735-1
https://doi.org/10.1037/0033-2909.112.1.155
https://doi.org/10.1037/0033-2909.112.1.155
https://doi.org/10.1016/S2215-0366(17)30014-7
https://doi.org/10.1080/09540120410001641084
https://doi.org/10.1001/archinte.160.14.2101
https://doi.org/10.1001/archinte.160.14.2101
https://doi.org/10.1016/j.psychres.2015.07.010
https://doi.org/10.1016/j.critrevonc.2015.08.025
https://doi.org/10.1016/j.critrevonc.2015.08.025
https://doi.org/10.1038/s41409-018-0371-6
https://doi.org/10.1007/s10549-018-5050-1
https://doi.org/10.1007/s10549-018-5050-1
https://doi.org/10.1016/j.urolonc.2020.11.033
https://doi.org/10.1016/j.urolonc.2020.11.033
https://doi.org/10.1161/STROKEAHA.112.655209
https://doi.org/10.1161/STROKEAHA.112.655209
https://doi.org/10.1186/s12888-017-1541-6
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/


fpsyg-14-1278485 October 30, 2023 Time: 15:14 # 8

Springer et al. 10.3389/fpsyg.2023.1278485

Lorenz, L., Bachem, R., and Maercker, A. (2016). The adjustment disorder–new
module 20 as a screening instrument: Cluster analysis and cut-off values. Int. J. Occup.
Environ. Med. 7, 215–220. doi: 10.15171/ijoem.2016.775

Mehnert, A., and Koch, U. (2007). Prevalence of acute and post-traumatic stress
disorder and comorbid mental disorders in breast cancer patients during primary
cancer care: A prospective study. Psychooncology 16, 181–188. doi: 10.1002/pon.1057

Mitchell, A. J., Chan, M., Bhatti, H., Halton, M., Grassi, L., Johansen, C., et al.
(2011). Prevalence of depression, anxiety, and adjustment disorder in oncological,
haematological, and palliative-care settings: A meta-analysis of 94 interview-based
studies. Lancet Oncol. 12, 160–174. doi: 10.1016/S1470-2045(11)70002-X

Morrison, C. F., Martsolf, D. M., Wehrkamp, N., Tehan, R., and Pai, A. L. (2017).
Medication adherence in hematopoietic stem cell transplantation: A review of the
literature. Biol. Blood Marrow Transplant. 23, 562–568. doi: 10.1016/j.bbmt.2017.01.
008

Noens, L., Van Lierde, M. A., De Bock, R., Verhoef, G., Zachée, P., Berneman, Z.,
et al. (2009). Prevalence, determinants, and outcomes of nonadherence to imatinib
therapy in patients with chronic myeloid leukemia: The ADAGIO study. Blood 113,
5401–5411. doi: 10.1182/blood-2008-12-196543

Pinquart, M., and Duberstein, P. R. (2010). Depression and cancer mortality: A
meta-analysis. Psychol. Med. 40, 1797–1810. doi: 10.1017/S0033291709992285

Prieto, J. M., Atala, J., Blanch, J., Carreras, E., Rovira, M., Cirera, E., et al. (2005).
Role of depression as a predictor of mortality among cancer patients after stem-cell
transplantation. J. Clin. Oncol. 23, 6063–6071. doi: 10.1200/JCO.2005.05.751

Puts, M. T., Tu, H. A., Tourangeau, A., Howell, D., Fitch, M., Springall, E., et al.
(2014). Factors influencing adherence to cancer treatment in older adults with cancer:
A systematic review. Ann. Oncol. 25, 564–577. doi: 10.1093/annonc/mdt433

R Core Team (2021). R: A language and environment for statistical computing.
Vienna: R Foundation for Statistical Computing.

Roth, S., and Cohen, L. J. (1986). Approach, avoidance, and coping with stress. Am.
Psychol. 41, 813–819. doi: 10.1037/0003-066X.41.7.813

Schrö,der, C., and Ernst, J. (2008). “Angehörigenpartizipation und compliance in
der hämatologischen onkologie,” in Psychosoziale Aspekte Körperlicher Krankheiten.
Abstracts Zum Gemeinsamen Kongress Der Deutschen Gesellschaft Für Medizinische
Psychologie Und Der Deutschen Gesellschaft Für Medizinische Soziologie, eds J.
Rosendahl and B. Strauß (Hrsg.) (Lengerich: Pabst).

Simpson, S. H., Eurich, D. T., Majumdar, S. R., Padwal, R. S., Tsuyuki, R. T., Varney,
J., et al. (2006). A meta-analysis of the association between adherence to drug therapy
and mortality. BMJ 333:15. doi: 10.1136/bmj.38875.675486.55

Smith, S. K., Zimmerman, S., Williams, C. S., Preisser, J. S., and Clipp, E. C. (2008).
Post-traumatic stress outcomes in Non-Hodgkin’s Lymphoma survivors. J. Clin.
Oncol. 26, 934–941. doi: 10.1200/JCO.2007.12.3414

Springer, F., Kuba, K., Ernst, J., Friedrich, M., Glaesmer, H., Platzbecker, U.,
et al. (2023). Symptoms of posttraumatic stress disorder and adjustment disorder
in hematological cancer patients with different treatment regimes. Acta Oncol. 62,
1110–1117. doi: 10.1080/0284186X.2023.2239477

Sullivan, K. M., Dykewicz, C. A., Longworth, D. L., Boeckh, M., Baden, L. R.,
Rubin, R. H., et al. (2001). Preventing opportunistic infections after hematopoietic
stem cell transplantation: The Centers for Disease Control and Prevention,
infectious diseases society of America, and American society for blood and marrow
transplantation practice guidelines and beyond. Hematology 2001, 392–421. doi: 10.
1182/asheducation-2001.1.392

Theofilou, P., and Panagiotaki, H. (2012). A literature review to investigate the
link between psychosocial characteristics and treatment adherence in cancer patients.
Oncol. Rev. 6:5. doi: 10.4081/oncol.2012.e5

Van Beek, F. E., Wijnhoven, L. M., Custers, J. A., Holtmaat, K., De Rooij, B. H.,
Horevoorts, N. J., et al. (2022). Adjustment disorder in cancer patients after treatment:
Prevalence and acceptance of psychological treatment. Support Care Cancer 30,
1797–1806. doi: 10.1007/s00520-021-06530-0

Van Der Heide, I., Wang, J., Droomers, M., Spreeuwenberg, P., Rademakers, J.,
and Uiters, E. (2013). The relationship between health, education, and health literacy:
Results from the Dutch adult literacy and life skills survey. J. Health Commun.
18(Suppl. 1), 172–184. doi: 10.1080/10810730.2013.825668

Verbrugghe, M., Verhaeghe, S., Lauwaert, K., Beeckman, D., and Van Hecke, A.
(2013). Determinants and associated factors influencing medication adherence and
persistence to oral anticancer drugs: A systematic review. Cancer Treat. Rev. 39,
610–621. doi: 10.1016/j.ctrv.2012.12.014

Weingart, S. N., Brown, E., Bach, P. B., Eng, K., Johnson, S. A., Kuzel, T. M., et al.
(2008). NCCN task force report: Oral chemotherapy. J. Natl. Compr. Cancer Netw. 6,
S1–S14. doi: 10.6004/jnccn.2008.2003

Wu, E. Q., Bollu, V. K., Guo, A., Guerin, A., Yu, A. P., Sirulnik, A., et al. (2009).
Non-adherence to Imatinib in chronic myeloid leukemia patients is associated with a
short term and long term negative impact on healthcare utilization and costs. Blood
114:4270. doi: 10.1182/blood.V114.22.4270.4270

Zhu, J., Fang, F., Sjölander, A., Fall, K., Adami, H. O., and Valdimarsdóttir, U. (2017).
First-onset mental disorders after cancer diagnosis and cancer-specific mortality:
A nationwide cohort study. Ann. Oncol. 28, 1964–1969. doi: 10.1093/annonc/
mdx265

Frontiers in Psychology 08 frontiersin.org

https://doi.org/10.3389/fpsyg.2023.1278485
https://doi.org/10.15171/ijoem.2016.775
https://doi.org/10.1002/pon.1057
https://doi.org/10.1016/S1470-2045(11)70002-X
https://doi.org/10.1016/j.bbmt.2017.01.008
https://doi.org/10.1016/j.bbmt.2017.01.008
https://doi.org/10.1182/blood-2008-12-196543
https://doi.org/10.1017/S0033291709992285
https://doi.org/10.1200/JCO.2005.05.751
https://doi.org/10.1093/annonc/mdt433
https://doi.org/10.1037/0003-066X.41.7.813
https://doi.org/10.1136/bmj.38875.675486.55
https://doi.org/10.1200/JCO.2007.12.3414
https://doi.org/10.1080/0284186X.2023.2239477
https://doi.org/10.1182/asheducation-2001.1.392
https://doi.org/10.1182/asheducation-2001.1.392
https://doi.org/10.4081/oncol.2012.e5
https://doi.org/10.1007/s00520-021-06530-0
https://doi.org/10.1080/10810730.2013.825668
https://doi.org/10.1016/j.ctrv.2012.12.014
https://doi.org/10.6004/jnccn.2008.2003
https://doi.org/10.1182/blood.V114.22.4270.4270
https://doi.org/10.1093/annonc/mdx265
https://doi.org/10.1093/annonc/mdx265
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/

	Compliance with medical regimen among hematological cancer patients and its association with symptoms of posttraumatic stress disorder and adjustment disorder
	Introduction
	Methods
	Study design and participants
	Data collection
	Outcomes
	Statistical analysis

	Results
	Sample characteristics
	Compliance with medical regimen
	Stressor-related symptoms, sociodemographic and medical factors associated with compliance

	Discussion
	Clinical implications
	Strengths and limitations
	Conclusion

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


