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Abstract

Objective: This study retrospectively examined the association between cancer-related fatigue (CrF) and the number
of falls during the last 12 months in patients with myeloproliferative neoplasms (MPNs). Methods: A multicenter, |-time
anonymous survey was conducted using analog and digital questionnaires. Sex-stratified multinomial logistic regression
analysis was applied to investigate the association between CrF and number of falls. All analyses were adjusted for age,
school education, body mass index, MPN subtype, and quality of life. Results: The final sample comprised 688 patients
(mean age 57.4 = 13.8, 62.4% women). The fall rate was 16.2% in women and 12.2% in men (P=.153). There were no
differences between women and men in terms of CrF between individuals with more than | fall, whereas women with |
fall had a higher CrF compared to those without a fall (RRR=1.019; 95% CI [1.002-1.039]), respectively. Conclusion: CrF
increases the risk of falls in women with MPN. Physicians should evaluate and manage CrF symptoms and implement fall
prevention strategies for those who are at increased risk. Further research is needed to better understand the effects of
CrF on gait performance and associated fall risk.
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One potential sequela of cancer is an increased risk of fall-
ing.! Falls in adults with cancer are more common than in
non-cancer controls.> Disease- and treatment-related side
effects (DTrSEs) of cancer are known to impair the body's
system.> DTrSEs comprise limited physical and cognitive
functions, impairment of balance and gait performance as
well as (joint-) pain. These DTrSEs were found to be associ-
ated with the risk of falling, independent of age.*® Further,
cancer-related fatigue (CrF) is one of the most common and
distressing side effects during and after cancer treatment.’
CrF is described as a multi-dimensional phenomenon,
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showing physical, emotional, and cognitive manifestations
such as tiredness, diminished concentration, and decreased
motivation for or interest in engaging in daily activities.”®
To date, little is known about the association between and
the susceptibility to falls in cancer patients. Therefore, the
aim of this study was to investigate (1) the prevalence of
moderate to severe CrF, (2) the rate of falls within the last
12 months, and (3) the association between CrF and falls in
a sample of 688 patients with myeloproliferative neoplasms
(MPNSs). As secondary outcomes, we examined the associa-
tions between DTrSEs, including CrF, age, body mass index
(BMI), and patients’ health-related quality of life (QoL).

Methods

Study Design, Setting, and Participants

The study was designed as a retrospective, multicenter
cross-sectional study. Adult patients (=18 years) from 12
treatment centers of the East German Study Group
Hematology and Oncology (OSHO; Supplemental Table 1)
with an MPN were asked to fill in a paper-pencil question-
naire during consultation. Data were collected between
January 2021 and September 2021. The opportunity to fill
in an online version of the survey was added in April 2021.
The sample includes patients of the LeukaNET/Leukaemia-
Online patient network as well as the German, Austrian, and
Swiss MPN patient network.

Sample Size

MPN diagnoses are rare among hematological diseases.
Further, it was assumed that retrospective falls within the
last 12 months are rare events too. Therefore, an exploratory
survey was designed as a multicenter study with a target
sample size of N =500.

Variables and Data Measurements

For the analysis of the primary outcome, the association
between CrF and falls was assessed by means of the MPN
Symptom Assessment Form (MPN-SAF),’ ranging from 0
(absent) to 100 (worst imaginable), and the prevalence and
severity of CrF were recorded. Likewise, the number of
falls in the last 12 months was inquired.

To enable the description of the sample and analysis of
secondary outcomes (associations between DTrSEs, includ-
ing CrF, age, BMI, and patients’ QoL), the following vari-
ables were collected: demographic information (gender,
age, and school education), height, and weight. Based on
the German school system, years of schooling were catego-
rized as less than 10years, 10years, or more than 10years.
BMI was calculated by dividing self-reported body weight
in kilograms by self-reported height in meters squared.

Clinical information: MPN subtype, year of diagnosis,
potential side effects of MPN such as splenomegaly. The
QoL was assessed using a visual analog scale ranging from
0 (very poor) to 100 (very good). DTrSE including concen-
tration problems, bone and muscle pain were assessed by
the MPN-SAF. All DTrSEs were categorized according to
the scoring of the MPN SAF as follows: O=none, 1 to
30=mild, 31 to 70=moderate, and 71 to 100=severe.'”

Statistical Analysis

Descriptive participant characteristics (mean, standard
deviation, and percentages) were calculated. In addition,
continuous data were tested for normal distribution using
the Shapiro-Wilk test. The Spearman correlation was used
to determine the strength of linear correlations (interpreta-
tion of correlation coefficient 7: .10 to .30=weak, =.30 to
.50=medium, =.50=strong). To meet the study objec-
tives, sex-stratified multinomial logistic regression analy-
sis was undertaken. The sample was divided into 3 groups
based on how frequently falls were reported in the last
12 months (no fall, 1 fall, and >1 fall). Regression models
were adjusted for age, school education, BMI, MPN sub-
type, and QoL.

The statistical software SPSS 25.0 (SPSS Inc., Chicago,
IL, USA) and Stata 14.2 (StataCorp 2015, College Station,
TX, USA) were used for analyses. Statistical significance
was assumed for P <<.05. Cases with missing values were
excluded list-wise.

Ethical Considerations

This study was approved by the Ethics Committee of the
University of Rostock (A 2020-0274), and registered with
the German Registry of Clinical Trials (DRKS00023698).

Results

Sample Characteristics

The flowchart for the study is presented in Figure 1. In total,
750 questionnaires were received, of which n=300 (40%)
were analog and n=450 (60%) digital. Reasons for exclu-
sion of questionnaires were missing information on diagno-
sis or a diagnosis other than chronic myeloid leukemia,
polycythemia vera, essential thrombocythemia, or myelofi-
brosis. This was because the MPN subtype was adjusted in
the regression model. Other reasons for exclusion were
missing information on QoL, side effects, and falls. The
final sample comprised 688 questionnaires.

The individuals were diagnosed between 1981 and 2021.
The median age of onset was 50 * 14 years. Data indicated
significant gender-specific differences in MPN subtype
(P<.001).
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Table I. Cohort Characteristics and Reported Symptoms (n=688).

Total (n=688) Women (n=432) Men (n=254)
n Values n Values n Values P-value

Age (years) 686 574+ 13.7 431 56.8*+ 135 254 583+ 14,0 216
BMI (kg/m?) 68l 258+48 427 255+53 253 262+3.9 <.001%*
School education (years) 662 420 24| .083

=I0 287 (43.4) 193 (46.0) 94 (39.0)

>0 375 (56.6) 227 (54.0) 147 (61.0)
MPN subtype 688 432 254 <.001**

CML 210 (30.5) 110 (25.4) 98 (38.6)

PV 182 (26.5) 124 (28.7) 58 (22.8)

ET 166 (24.1) 123 (28.5) 43 (16.9)

MF 130 (18.9) 75 (17.4) 55 (21.7)
Years since diagnosis 639 74+65 405 7.6+6.6 232 69+63 141
DTrSE?

Fatigue 673 3872294 422 42.9+293 249 31.6 283 <.001%*

Inactivity 651 30.829.9 410 339275 239 25.6+253 <.001**

Concentration problems 666 29.9*27.0 418 33.8+27.7 246 22.8+243 <.001%**

Bone and muscle pain 665 29.8+29.1 417 31.4x£29.7 246 27.2+28.1 .063
Splenomegaly 673 421 250 .022%

No 347 (51.6) 234 (55.6) 113 (45.2)

Yes 197 (29.3) 117 (27.8) 79 (31.6)

Unknown 129 (19.2) 70 (16.6) 58 (23.2)
Quality of life® 662 67.1+21.5 420 644+21.6 240 71.7+205 <.001**
Falls in the last 12 months 688 432 254 254

None 587 (85.3) 362 (83.8) 223 (87.8)

I 52 (7.6) 34 (7.9) 18 (7.1)

>| 49 (7.1) 36 (8.3) 13 (5.1)

Data are presented as mean * standard deviation for continuous variables and as number (%) for categorical variables. Presented P-values for
comparisons between women and men are based on Mann-Whitney U test and chi-square test for categorical variables.

Abbreviations: n, number of patients; BMI, body mass index; CML, chronic myeloid leukemia; PV, polycythemia vera; ET, essential thrombocythemia;
MF, myelofibrosis; DTrSE, disease- and treatment-related side effects.

?Adjusted MPN Symptom Assessment Form, range 0 to 100, higher values represent more discomfort.

®Visual analog scale, range 0 to 100, higher values represent high quality of life.

Bold: statistically significance, *P<.05. **P=.01.

Received questionnaires

N =750
Excluded patients:
| No information about diagnosis provided (n = 35)
"| No diagnosis of CML, PV, ET or MF (n = 14)
Missing values on QoL, side effects, and falls (n = 13)
A 4

Analysed questionnaires
n =688

Figure |. Flow chart of the study.
Abbreviations: Qol, quality of life; CML, chronic myeloid leukemia; PV, polycythemia vera; ET, essential thrombocythemia; MF, myelofibrosis.
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Table 2. Association of Falls, Symptoms, and Demographic Characteristics in Women (n=398, Multinomial Logistic Regression

Analysis?).

Number of falls in the last 12months= |

Number of falls in the last 12months >

RRR 95% ClI P-value RRR 95% ClI P-value

Age (years) 1.033 [0.998-1.070] .064 1.037 [1.001-1.074] .044%*
BMI (kg/m?) 1.075 [1.008-1.147] .027* 1.098 [1.031-1.169] .004%*
School education (years)

=10 Ref. Ref.

>10 0.695 [0.312-1.550] 374 1.526 [0.672-3.461] 312
MPN subtype

CML Ref. Ref. 438

PV .906 [0.307-2.672] .858 1.584 [0.495-5.073] .256

ET 1.159 [0.387-3.473] 792 1.964 [0.613-6.294] .380

MF 0.930 [0.282-3.068] .905 0.519 [0.120-2.248]
Quality of life 1.011 [0.987-1.034] 372 0.981 [0.960-1.002] .080
Fatigue 1.019 [1.002-1.039] .033% 1.009 [0.990-1.030] 327
Concentration problem 0.993 [1.008-1.1470] 429 0.998 [0.980-1.016] .823
Bone and muscle pain 0.998 [0.983-1.013] .805 1.003 [0.989-1.016] .649

Abbreviations: RRR, relative risk ratio; Ref., reference category; 95% Cl, 95% confidence interval; BMI, body mass index; CML, chronic myeloid
leukemia; PV, polycythemia vera; ET, essential thrombocythemia; MF, myelofibrosis.

*Reference category: number of falls in the last 2months=0.
Bold: statistically significance, *P = .05.

Prevalence of Moderate to Severe
Cancer-Related Fatigue

CrF showed the highest prevalence among DTrSEs at 87%
and was rated as moderate to severe (scale >30) by 55% of
respondents.

Prevalence Rate of Falls

Falls occurred at a rate of 14.7%. Almost half of those with
at least 1 fall during the last 12 months reported more than 1
fall (range: 1-18; Table 1).

Association Between Cancer-Related Fatigue
and Falls

In adjusted sex-stratified multinomial logistic regression
analysis, CrF was not associated with falling more than
once in either gender when compared to no incident of
falling (Tables 2 and 3). Women who reported 1 fall had a
significantly higher CrF than those without a fall
(RRR=1.019; 95% CI [1.002-1.039]; Table 2). There was
an association in men between the history of more than 1
fall compared to no fall and severe concentration prob-
lems (RRR=1.051;95% CI[1.020-1.084]; Table 3). These
results remained stable after adjusting for time since first
diagnosis (Supplemental Tables 2 and 3).

Correlation Between DTrSEs, Age, BMI, and QoL

Men rated their QoL significantly higher than women
(7221 vs 64x22, P<.001). In all DTrSEs, women
showed more discomfort compared to men (Table 1). The
highest correlation was found between CrF and inactivity
and between CrF and concentration problems in both gen-
ders. Age and BMI showed no or weak correlations with
QoL and DTrSEs in both genders (Table 4).

Discussion
Main Findings

CrF and falls seems to be very common in MPN patients.
The prevalence of moderate to severe CrF was 55% in our
sample, and the prevalence of at least 1 fall within the last
12 months was 15%. Further, the occurrence of falling was
associated with CrF in women but not in men.

Comparison of the Main Findings With Other
Studies

The high prevalence of CrF, which is often reported in com-
bination with symptoms of inactivity, concentration prob-
lems, and bone and muscle pain, has already been described
in patients with MPN,!-13
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Table 3. Association of Falls, Symptoms, and Demographic Characteristics in Men (n=222, Multinomial Logistic Regression Analysis?).

Number of falls in the last |2months= |

Number of falls in the last 12months >

RRR 95% Cl P-value RRR 95% CI P-value

Age (years) 1.0321 [0.986-1.080] 175 1.091 [1.029-1.156] .003*
BMI (kg/m?) 0.874 [0.727-1.051] .152 0.986 [0.802-1.212] .893
School education (years)

=I0 Ref. Ref.

>0 0.606 [0.187-1.972] 406 1.550 [0.384-6.257] .539
MPN subtype

CML Ref. Ref.

PV 0.675 [0.144-3.160] .963 0.328 [0.044-2.426] 275

ET 0.682 [0.117-3.971] .669 0.280 [0.024-3.331] 314

MF 0.907 [0.209-3.938] .896 1.707 [0.346-8.421] Sl
Quality of life 0.981 [0.947-1.017] 299 0.981 [0.942-1.021] .343
Fatigue 1.000 [0.972-1.030] 991 1.002 [0.970-1.036] .892
Concentration problem 1.002 [0.976-1.029] .897 1.051 [1.020-1.084] .00 | **
Bone and muscle pain 1.009 [0.986-1.033] 448 0.998 [0.969-1.027] .888

Abbreviations: RRR, relative risk ratio; Ref., reference category; 95% Cl, 95% confidence interval; BMI, body mass index; CML, chronic myeloid
leukemia; PV, polycythemia vera; ET, essential thrombocythemia; MF, myelofibrosis.

Reference category: number of falls in the last 12months=0.
Bold: statistically significance, *P=.05. *P=.01.

Table 4. Spearman Correlation Analysis Between Age, BMI, QolL, and Side Effects For Women (n=432, Pink) and Men (n=254, Blue).

Age BMI QoL Fatigue Inactivity Concentration problems Bone and muscle pain

Age | AI5% —129% -.053 013 -.041 .158%*
BMI .035 | —.189%* .124* 1697+ 019 .190%*
QoL -.130*% -.002 | =.592%F  — 585%* —.449** — 484
Fatigue -.040 -.045 —=.645%% JT33%* .619%* A56™*
Inactivity -.055 .055 —.618*F  T27%* I 62 % A452%*
Concentration problems ~ —.092 -.022  -.539%F  ,636%* S570%* | 34|
Bone and muscle pain .103 127 —.487%* .504%* A455%* A437%* |

Abbreviations: BMI, body mass index; QolL, quality of life.
Bold: strong correlation (r>|.50]). *P=<.05. **P=<.0I.

The retrospectively reported prevalence of falls at 16.2%
for women and 12.2% for men was lower than reported by
prospective as well as retrospective studies, which reported
prevalence rates between 19% and 35%.2*!3 There are sev-
eral explanations for these differences. Firstly, our study
group was restricted to patients with hematological neo-
plasms. In contrast, the proportion of solid tumors in com-
parable studies was 81%'* and 100%,* respectively. Second,
age, particularly age-related changes, are important predic-
tors of falls.!>!® The median age of participants in our study
was 57 years, differing from those of other studies.**!* For
example, Spoelstra et al* and Puts et al'* included only par-
ticipants = 65 years in their studies. Third, the proportion of
women in this study (62%) was much lower than in the
studies of Puts et al'* and Basal et al* (70% and 100%). This

might be relevant because women tend to experience more
falls than men. '3

Implication and Explanation of Findings

Our data indicates a direct association between CrF and
falls among female study participants. As concentration
problems are among the most reported symptoms of CrF,?
there might be an indirect association in men.

MPNs are chronic diseases. Consequently, MPN
patients are burdened with symptoms throughout their
lives. Patients included in the study had had their diagno-
ses for an average of 7.5years. We assume that MPN
patients with moderate to severe CrF are less physically
active than healthy individuals or cancer patients without
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CrF of the same age. The reason for this is that CrF is a
barrier to physical activity,'” which was confirmed by the
results of our correlational analyses, with increasing inac-
tivity, a decline in physical performance and consequently
a loss of muscle mass and strength,?*?! as well as a reduc-
tion in coordination skills, including balance.?? As a result,
the risk for falls increases.?*?

Another possible explanation is that, as a result of physi-
cal inactivity, MPN patients, similar to older people, experi-
ence neurological deterioration. This is often characterized by
a decrease in cognitive performance, such as slower process-
ing and problem-solving speed. This also affects movement,
especially when movements are performed simultaneously
with cognitive tasks, under so-called dual-task conditions. A
certain amount of dual-task interference occurs. The possible
changes in muscle activity and balance that occur lead to
movement uncertainty and can be explained by a reduction in
attention to the movement request.?>2% 2

Strengths and Study Limitations

To our knowledge our study presents the largest cohort to
date in which the association between CrF and falls has been
studied. Nevertheless, our study has a number of limitations.
First, we do not have any information on how many patients
were asked to participate in the survey and declined to par-
ticipate, which may have led to selection bias among the
sample. Second, all data were assessed retrospectively. Third,
in order to reduce the length of the questionnaire, a VAS scale
from 0 to 100 was used for the assessment of QoL, rather
than a validated questionnaire. Since a VAS allows a more
differentiated assessment of QoL compared to a Likert scale,
it can be assumed that the QoL of cancer patients was mea-
sured just as adequately.?® Fourth, other diseases associated
with gait impairments (e.g. Parkinson’s disease, stroke, and
polyneuropathy) were not recorded. Fifth, the use of BMI
does not allow any conclusions about muscle mass or muscle
strength. Sixth, we assume a bias towards more women and
younger patients due to the high proportion of online ques-
tionnaires. In order to verify the results of this study, these
data should be assessed in future studies.

Conclusion, Recommendation, and
Outlook

More than half of MPN patients suffer from moderate to
severe CrF. Falls are a common phenomenon in MPN
patients. More than 1 in 10 of our patients reported at
least 1 fall within the last 12 months. Women seem to be
more susceptible to falling than men. The association
between CrF and occurrence of a fall was significant in
women but not in men. It seems that MPN patients who
suffer from moderate to severe CrF may be more suscep-
tible to falls.

Due to the rather young age of our patient cohort com-
pared to the participants in other studies, it might be reason-
able to assume that the risk of falls also increases with age
in this cohort. For this reason, fall prevention strategies
should be implemented early in MPN patients at increased
risk. Physicians should evaluate and manage CrF, regard-
less of the patient’s age. To date, physical activity, psycho-
therapy, or a combination of both are effective measures to
reduce CrF.?’

Further research is needed to understand the effects of
CrF on gait performance, particularly under dual-task con-
ditions, and the associated fall risk. Moreover, it has recently
been shown that the execution of a fatiguing cognitive task
impaired dual-task gait performance in older adults and that
this effect might be exacerbated in MPN patients depending
on the level of CrF.2

While we examined the association between CrF and
more than 1 fall in the last 12 months, it may also be useful
to examine the exact number of falls patients have had to
determine whether CrF correlates with the number of falls.
The results may provide clues to possible preventive mea-
sures to maintain mobility in affected patients, which is
related to QoL.3°

Since CrF also has a high prevalence in other entities,’
subsequent studies should investigate whether the results
can be transferred to other cohorts. It should be taken into
account that it is not only cancer patients undergoing che-
motherapy and/or radiotherapy or advanced stage that are
frequently affected by CrF, but also patients in follow-up.
For example, Wang et al*! observed a prevalence of 29% for
moderate to severe CrF in survivors of breast, prostate,
colorectal, or lung cancer.
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