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ABSTRACT

This study aimed to investigate the relationship between muscle weakness and cancer-
related symptoms in patients undergoing chemotherapy for hematological malignancies and solid 
tumors. We recruited hospitalized patients older than 20 years who were receiving chemotherapy. 
Patients were divided into a solid tumor (n=74) and hematological malignancy (n=80) group. Age, 
body mass index (BMI), strength and thickness of the quadriceps femoris muscle, serum albumin 
and C-reactive protein levels, blood hemoglobin concentration, fatigue, psychological distress and 
pain, and duration of hospitalization were assessed. Eight physical symptoms (fatigue, nausea and 
vomiting, pain, dyspnea, insomnia, appetite loss, constipation, and diarrhea) were also evaluated. 
Correlation and multiple regression analyses were conducted to identify factors affecting muscle 
strength in each group. Muscle strength was associated with fatigue in the solid tumor group 
and with age, BMI, muscle thickness, albumin and hemoglobin in the hematological malignancy 
group. Therefore, factors contributing to muscle strength might differ between patients with solid 
tumors and those with hematological malignancies. In particular, fatigue was an important factor 
in patients with solid tumors, while anemia was an important factor in patients with hematological 
malignancies. We therefore suggest that different treatments for muscle weakness might be 
considered for patients with these cancer types.
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INTRODUCTION

Muscle weakness is an important adverse effect in cancer patients that negatively 
affects their ability to perform daily activities and quality of life [1]. This weakness 
can largely explained by cancer-related muscle wasting, cachexia, and disuse muscle 
atrophy or sarcopenia [2,3]. In particular, cachexia was believed to result from activation 
of the acute phase response whereby pro-inϐlammatory cytokines are upregulated [4]. 
This in turn leads to altered protein, fat, and carbohydrate metabolism, resulting in 
body weight reduction as well as changes in body composition [5]. The incidence of 
cachexia among cancer patients is very high and estimated to affect 50-80% of patients, 
although this rate varies by tumor type [6].

Muscle weakness in cancer patients also inϐluenced by other factors such as 
physical symptoms and psychological and environmental problems. For example, 
muscle weakness in cancer patients is strongly associated with cancer-related fatigue 
[7]. Fatigue in patients with cancer is also frequently associated with various forms 
of psychosocial distress (e.g., clinical depression, anxiety, and coping with chronic 
illness), and exacerbating symptoms (e.g., anemia, pain, dyspnea, insomnia, nausea) 
[8], as well as side effects of chemotherapy [9]. Moreover, anxiety and depression 
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induced by cancer-related factors such as fatigue and diagnosis might reduce patients’ 
physical ability, leading to the progression of disuse muscle atrophy [10]. Limitation of 
activities during hospitalization for infection prophylaxis or medical treatment such as 
intravenous feeding may also cause disuse muscle atrophy [11].

When factors contributing to muscle weakness are compared across different cancer 
types, interesting differences can be seen between solid tumors and hematological 
malignancies. For example, anemia is present in 54% of cancer patients, and increases 
to 75% in patients undergoing chemotherapy [12]. However, the prevalence of anemia 
in patients with hematological malignancies is double that in patients with solid 
tumors [9,13]. Since anemia is strongly associated with disability, poorer physical 
performance, and muscle weakness in the community-dwelling elderly [14], anemia 
can also possibly affect muscle strength in patients with cancer [2]. Moreover, the 
prevalence of malnutrition in patients with solid tumors is higher than in patients with 
hematological malignancies [15]. Patients with solid tumors undergoing chemotherapy 
also frequently experience appetite loss, nausea, and vomiting. These symptoms lead 
to induction of fatigue [8], as well as malnutrition that further promotes cachexia and 
muscle weakness [16].

Furthermore, muscle weakness possibly contributes not only to loss of muscle mass 
but also to muscle activation in cancer patients receiving chemotherapy. Oxidative 
stress mediated by reactive oxygen species or by chemotherapeutic agents leads to 
muscle contractile dysfunction and fatigue [17,18]. In fact, muscle strength of cancer 
patients with severe fatigue was reported to be weaker than that of patients with light 
fatigue, although muscle volume was the same [19]. The symptoms and loss of muscle 
activation might be different between solid tumors and hematological malignancies 
[20].

From the above, we hypothesized that the main factors associated with muscle 
weakness differ between solid tumors and hematological malignancies. In order to 
optimize cancer treatments, these differences need to be clariϐied, and we believe that 
this will be particularly important for rehabilitative purposes. Therefore, this study 
aimed to investigate factors affecting muscle weakness in cancer patients undergoing 
chemotherapy and to examine whether these factors differ between patients with 
solid tumors and hematological malignancies.

MATERIALS AND METHODS
Setting and participants

This cross-sectional study was conducted at Nagasaki University Hospital, 
from January 2014 to March 2016. This study was approved by the hospital ethics 
committee before any patients were enrolled (approval number 12092419). The 
patients were given a written letter informing them of the aims and objectives of the 
study, and written consent was obtained from every participant. Patients older than 
20 years, who had been diagnosed with cancer, and hospitalized in order to receive 
cancer treatment were eligible. In order to minimize bias due to differences among 
solid tumor types, only patients with lung, kidney, uterus, esophagus, liver, large bowel, 
stomach, breast and pancreatic cancers were eligible. Patients were also excluded if 1) 
they had undergone tumorectomy prior to this study, 2) had received radiotherapy, 
3) had dementia or disturbed consciousness, 4) had been recommended bedrest 
(Eastern Cooperative Oncology Group [ECOG] performance status=4), 5) had received 
bone marrow transplantation, and 5) did not agree to participate in this study. General 
and clinical information about the patients such as age, sex, height, weight, body mass 
index (BMI), diagnosis, ECOG performance status, and date of hospital admission and 
initiation of chemotherapy were recorded. Patients were categorized into either the 
solid tumor or hematological malignancy group based on their diagnosed cancer type. 
Patients who were diagnosed with both cancer types were excluded.
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Muscle strength

The strength of the quadriceps femoris muscle was assessed. Muscle strength was 
quantiϐied using maximum voluntary isometric contraction for knee joint extension, 
in accordance with a previous study [21]. Patients were seated at the corner of a mat 
table, with their knees bent at approximately 90 degrees ϐlexion. The mat table had a 
height such that when the subjects sat on it; both their feet just reached the ϐloor. A 
portable muscle force dynamometer (μ-tas MF-01, ANIMA Corp., Tokyo, Japan) was 
placed against the anterior side of the patients’ legs, just proximal to the malleoli. 
The dynamometer stabilizing belt passed around the legs of the bed. Patients were 
then asked to continue trying to straighten their knees with maximum effort until the 
tester asked them to stop for about 5 seconds. During the measurements, the examiner 
provided verbal encouragement and held both sides of the sensor, to maintain the 
direction of the sensor, so that the surface of the sensor was kept relative to the 
direction of the movement. The measurement was conducted three times for one leg, 
with an interval of 30 seconds or more between measurements. The measurements 
were obtained for both the right and left legs, and data from the stronger leg were used 
for analysis.

Muscle thickness

Muscle mass was quantiϐied by measuring the thickness of the vastus intermedius 
plus rectus femoris muscles, in accordance with a previous study [22]. Muscle thickness 
was determined using an ultrasound device (SeeMoreTM, Interson Corp., CA, USA), with 
the patient in a supine position and his or her legs lying ϐlat and relaxed in extension. 
On the same leg from which muscle strength data were used for analysis, a straight line 
was drawn between the anterior superior iliac spine and upper margin of the patella. 
Thickness measurements were then taken at a level two thirds of the distance down 
this line.

Blood chemistry

Serum albumin, serum C-reactive protein (CRP), and corpuscular hemoglobin 
concentrations were measured with a standard clinical analyzer for the blood samples 
of all patients. Serum albumin level was chosen as it is a well-known marker of 
nutritional status. Serum CRP level, which is a sensitive marker of inϐlammation, is 
known to be associated with cancer cachexia [23]. Lastly, hemoglobin is an important 
clinical parameter for assessing anemia [24]. It has also been reported that all blood 
biochemical parameters are associated with muscle strength or mass [25,26].

Cancer-related fatigue

Fatigue was assessed using the Cancer Fatigue Scale (CFS), a valid and brief self-
rating scale for assessing cancer-related fatigue that was designed speciϐically to reϐlect 
the nature of the fatigue [27]. The scale consists of 15 items that are each rated on a 
scale of 1 (“not at all”) to 5 (“very much”), and patients are asked to circle the number 
that describes their current state. The scale provides a total score ranging from 0 to 
60, with a total score of 23 points or more indicating the presence of fatigue symptoms 
[28]. Additionally, to classify cancer fatigue further and perform subgroup analyses, 
the tool can be divided into physical, affective, and cognitive subscales.

Pain

Pain was recorded using the numerical rating scale (NRS) score (0: no pain, 10: 
worst imaginable pain). It is widely known that cancer patients experience various 
forms of pain including somatic, visceral, neuropathic and mixed [29]. Moreover, 
pain can be classiϐied as acute pain or chronic pain. In this study, pain was evaluated 
regardless of pain type or source when measuring muscle strength.
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Psychological distress

The summed total score of the Hospital Anxiety and Depression Scale (HADS) 
was used to assess psychological distress [30]. This is a widely used and validated 
questionnaire to measure psychological morbidity in cancer patients [30]. It consists 
of a 7-item anxiety subscale and a 7-item depression subscale. Each item is rated 
on a scale of 0 (best status) to 3 (worst status). Possible scores for the anxiety and 
depression subscales each range from 0 to 21 points. Eleven points or more on either 
subscale are considered to be a signiϐicant ‘case’ of psychological morbidity [31].

STATISTICAL ANALYSIS

Data analysis was carried out with SPSS for Windows version 23 (IBM-SPSS Inc., 
Chicago, USA). Values were expressed as mean±deviation. Where appropriate, group 
comparisons were carried out using contingency table analysis (chi-square analysis) 
and the Mann-Whitney U test. Correlation coefϐicients between muscle strength and 
other parameters were calculated using Pearson’s test. Additionally, a multiple linear 
regression analysis was performed separately for each group. Muscle strength was 
deϐined as the dependent variable, and independent variables were deϐined based on 
correlation coefϐicients between the assessed factors and muscle strength: parameters 
which showed signiϐicant relationship with muscle strength (p<0.05 in analysis with 
data of all patients) were selected. To avoid multicollinearity, only one variable was 
selected if there was a signiϐicant correlation (r>0.7) between two independent 
variables. The model ϐit was assessed using the appropriate residual and goodness-
of-ϐit statistic. The threshold for significance was set at 0.05 for all statistical analyses.

RESULTS
Subjects’ characteristics

Results from 163 cancer patients were used for analysis. The clinical characteristics 
of patients are shown in table 1. Based on clinical assessment, 74 patients were included 
in the solid tumor group and 89 in the hematological malignancy group. The solid tumor 
group included a large proportion of lung (28.4%) and kidney (17.6%) tumors. In the 
hematological malignancy group, malignant lymphoma had the highest prevalence. 
There were no signiϐicance differences in age, gender, BMI, ECOG performance status, 
number of days after hospital admission or initiation of chemotherapy between the 
solid tumor and hematological malignancy groups. Although the numbers of days 
after hospital admission and chemotherapy initiation showed variation, the average 
of the number of days after hospital admission was approximately 14 in both the solid 
tumor and hematological malignancy groups and there were no signiϐicant differences 
between groups.

Comparison of outcome measures

All muscle strength and thickness measurements are shown in table 2. No signiϐicant 
differences in muscle strength or thickness were found between the solid tumor and 
hematological malignancy groups. Regarding blood chemistry, both the solid tumor 
and hematological malignancy groups showed abnormal values compared with the 
reference ranges; namely, serum albumin and hemoglobin levels were low, while 
serum CRP levels were high.

In terms of between-group differences, the solid tumor group showed signiϐicantly 
lower serum albumin levels (p=0.006), and signiϐicantly higher serum CRP (p=0.023) 
and hemoglobin levels (p=0.013) than the hematological malignancy group. On the 
other hand, mean CFS scores did not signiϐicantly differ between the two groups. 
There were also no signiϐicant between-group differences when CFS subscales were 
analyzed. In particular, “fatigue” morbidity, as deϐined by a CFS score ≥23 points [28], 
was 32.4% (24 patients) in the solid tumor group and 37.1% (33 patients) in the 
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Table 1: Clinical characteristics of cancer patients.

Total Solid tumor Hematological malignancy P

(n=163) (n=74) (n=89)

Age (years) 67.412.5 68.112.8 65.812.1 0.081

Sex 0.586

Male, n (%) 90 (53.9) 41 (56.6) 49 (55.6)

Female, n (%) 73 (46.1) 33 (43.4) 40 (44.4)

BMI (Kg/m2) 21.13.8 21.54.2 20.83.4 0.169

Type of cancer, n (%)

Lung 21 (28.4)

Kidney 13 (17.6)

Uterus 10 (13.5)

Esophagus 10 (13.5)

Liver 5 (6.8)

Large bowel 7 (9.5)

Stomach 5 (6.8)

Pancreas 3 (4.1)

Malignant lymphoma 41 (46.1)

Myelogenous leukemia 28 (31.5)

Multiple myeloma, 9 (10.1)

Myelodysplastic syndrome 6 (6.7)

Lymphocytic leukemia 5 (5.6)

Performance status, n (%) 0.575

Score 0 1 (0.6) 1 (1.4) 0 (0)

Score 1 54 (33.1) 24 (32.4) 30 (33.7)

Score 2 63 (38.7) 30 (40.5) 33 (37.1)

Score 3 45 (27.6) 19 (25.7) 26 (29.2)

Days after hospitalization 14.216.3 14.011.6 14.419.3 0.071

Days after chemotherapy 5.88.7 5.68.0 5.99.3 0.831

BMI: Body Mass Index. Days after hospitalization: number of days after hospital admission. Days after chemotherapy: number of days after initiation of chemotherapy. P: 
pvalues, chisquare analysis or MannWhitney U test for comparison of solid tumor and hematological malignancy groups.

Table 2: Summary of measurements.

Parameter Total Solid tumor Hematological malignancy P

(n=163) (n=74) (n=89)

Muscle strength (Kg) 22.111.4 21.110.8 23.011.8 0.202

Muscle thickness (mm) 14.95.0 14.95.4 14.84.8 0.475

Blood chemistry

Albumin (g/dl) 3.20.7 3.10.7 3.40.6 0.006

CRP (mg/dl) 2.34.1 3.14.5 1.63.7 0.023

Hemoglobin (g/dl) 9.82.0 10.32.1 9.62.0 0.013

CFS

Total 21.19.4 21.910.4 20.48.4 0.315

Physical 8.35.4 8.75.9 8.05.1 0.450

Affective 8.45.5 8.33.0 8.43.4 0.736

Cognitive 4.43.4 4.93.7 3.93.1 0.065

Pain (NRS) 2.82.9 3.63.5 2.32.5 0.049

HADS

Total 13.36.2 13.16.7 13.55.8 0.712

Anxiety 6.13.5 6.03.5 6.23.4 0.790

Depression 7.13.7 7.13.9 7.23.5 0.916
Reference range of blood chemistry: albumin, 3.55.0 g/dl; Hemoglobin, male, 13.016.5 g/dl; female, 11.514.7 g/dl; CRP, <0.25 mg/dl. CRP: C-reactive protein, CFS: Cancer 
Fatigue Scale. HADS: Hospital Anxiety and Depression Scale, NRS: Numerical Rating Scale. P: p-values, Mann-Whitney U test for comparison of solid tumor and hematological 
malignancy groups.
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hematological malignancy group; these differences were not statistically signiϐicant 
(p=0.649; chi-square analysis). The solid tumor group showed a higher pain score 
than the hematological malignancy group, but the difference was small (p=0.049). 
The proportion of patients with pain in the solid tumor and hematological malignancy 
group was 27.0% (20 patients) and 30.3% (27 patients), respectively: there were 
no statistically signiϐicant differences between the two groups (p=0.770; chi-square 
analysis). HADS total and subclass (anxiety and depression) scores did not differ 
signiϐicantly between the two groups. Major depressive disorder morbidities (total 
≥20 points) [32] were 12.1% (9 patients) in the solid tumor group and 14.6% (13 
patients) in the hematological malignancy group (p=0.821; chi-square analysis).

Correlation between muscle strength and other parameters

When the data from all patients were analyzed together, factors that were 
signiϐicantly correlated with muscle strength were age, BMI, muscle thickness, 
serum albumin, hemoglobin, CFS, number of days after hospital admission and 
chemotherapy (Table 3). When correlation analyses were performed in the solid 
tumor and hematological malignancy groups separately, several differences between 
the two groups were observed. Muscle thickness (r=0.464) was positively correlated 
with muscle strength in the hematological malignancy group only (Figure 1). In the 
solid tumor group, only CFS scores (r=-0.395) were negatively correlated with muscle 
strength. In contrast, signiϐicant correlations between muscle strength and age (r=-
0.294) and albumin (r=0.218) were observed in the hematological malignancy group. 
The only factors signiϐicantly correlated with muscle strength in both groups were BMI 
and hemoglobin. Pain, HADS total scores, and number of days after hospital admission 
and chemotherapy were not associated with muscle strength in either group.

Table 3: Correlation between muscle strength and other parameters.
Total Solid tumor Hematological malignancy

Parameter R P R P R P
Age -0.217 0.004 -0.055 0.637 -0.294 0.003
BMI 0.308 <0.001 0.311 0.005 0.335 0.007

Muscle thickness 0.342 <0.001 0.194 0.087 0.464 <0.001
Blood chemistry

Albumin 0.217 0.005 0.188 0.129 0.218 0.033
CRP -0.150 0.056 -0.195 0.103 -0.085 0.424

Hemoglobin 0.248 <0.001 0.307 0.006 0.240 0.018
CFS (Total) -0.282 <0.001 -0.395 0.001 -0.163 0.141
Pain (NRS) -0.122 0.284 -0.305 0.101 -0.053 0.721

HADS (Total) -0.059 0.493 -0.094 0.476 -0.041 0.725
Days after hospitalization -0.034 0.659 -0.194 0.916 -0.036 0.724
Days after chemotherapy -0.087 0.250 -0.025 0.830 -0.129 -0.209

BMI: Body Mass Index. CRP: C-reactive protein. CFS: Cancer Fatigue Scale. HADS: Hospital Anxiety and Depression Scale. Days after hospitalization: number of days after 
hospital admission. Days after chemotherapy: number of days after initiation of chemotherapy. R: Pearson’s correlation coeffi cient. P: p-values.

Figure 1: Relationships between muscle strength and muscle thickness of the quadriceps femoris muscle in the 
solid tumor (A) and the hematological malignancy groups (B).
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In the multiple regression analysis, age, BMI, muscle thickness, serum albumin, 
hemoglobin, and CFS score were selected as independent variables. The only factor 
signiϐicantly associated with muscle strength was CFS score (β=-0.355, p=0.018) in 
the solid tumor group. Age, BMI, muscle thickness, serum albumin and hemoglobin 
were not signiϐicantly associated with muscle strength (Table 4). In the hematological 
malignancy group, age, BMI, muscle thickness, and hemoglobin were signiϐicantly 
associated with muscle strength, with a strong association between muscle strength 
and age (β=0.257, p=0.014) and hemoglobin (β=0.240, p=0.012).

DISCUSSION

This study investigated and compared factors associated with muscle weakness in 
patients with solid tumors and hematological malignancies receiving chemotherapy. 
Although the characteristics of skeletal muscle weakness in cancer patients have been 
described previously, this study was the ϐirst to investigate muscle strength in adult 
patients with hematological malignancy receiving chemotherapy.

Signiϐicant between-group differences were detected in serum albumin, CRP, 
hemoglobin, and pain. The malnutrition was signiϐicantly more severe in patients with 
a solid tumor. This is consistent with a previous report that found that the prevalence 
of malnutrition is higher in cancer patients with solid tumors than in patients with 
hematological malignancies [15]. Additionally, patients in the solid tumor group 
showed high serum levels of the inϐlammatory marker CRP. A previous study has 
reported that systemic inϐlammation, CRP levels, is associated with malnutrition 
in cancer patients [33]. Since malnutrition and systemic inϐlammation are the most 
important factors in the induction of cachexia [4], muscle weakness by cachexia would 
theoretically be expected to be severe in the solid tumor group. However, there was 
no difference in the strength and thickness of the quadriceps femoris muscle between 
patients in the solid tumor and hematological malignancy groups. This contradiction 
suggests that muscle strength in patients of both groups was affected by factors other 
than cachexia. In this cross-sectional study, it was difϐicult to detect between-group 
differences in factors affecting muscle strength by comparing mean values for the 
measured parameters. Therefore, correlation and multiple regression analyses were 
then conducted in each group.

The multiple regression analysis demonstrated that only CFS score was a signiϐicant 
independent variable in the solid tumor group. It has been also reported that muscle 
weakness in patients with cancer is strongly related to fatigue [7]. Therefore, we 
postulate that the inϐluence of age and muscle mass, and thereby cachexia, on muscle 
strength in solid tumor group patients was masked by their strong fatigue. In contrast, 
correlations between muscle strength and age, BMI, and muscle thickness were 
shown in the hematological malignancy group, as described in a previous study on 
healthy participants [34,35]. Given the lack of association between muscle strength 

Table 4: Multiple regression analysis for factors affecting muscle strength.

Total Solid tumor Hematological malignancy

Parameter β P β P β P

Age -0.167 0.045 -0.046 0.739 -0.257 0.014

BMI 0.158 0.126 0.068 0.710 0.240 0.047 

Muscle thickness 0.152 0.132 0.003 0.988 0.236 0.050

Albumin 0.015 0.857 0.021 0.894 0.043 0.657

Hemoglobin 0.210 0.011 0.147 0.356 0.240 0.012

CFS -0.207 0.013 -0.355 0.018 -0.119 0.237

R2 0.245 0.212 0.375

CFS: Cancer Fatigue Scale. β: standardised partial regression coeffi cient. P: p-values.
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with serum albumin and CRP levels, it can be deduced that the inϐluence of cachexia 
on muscle strength might be small [23,24]. Thus, if patients in the hematological 
malignancy group displayed muscle weakness, this weakness must be based on 
sarcopenia and/or disuse muscle atrophy [36]. However, a signiϐicant correlation 
between hemoglobin concentration and muscle strength was detected; hemoglobin 
was additionally deϐined as a factor affecting muscle strength in a multiple regression 
analysis. Decline of hemoglobin concentration is one cause of anemia [24], and anemia 
is strongly associated with muscle weakness [2,14]. In animal experiments, it has been 
shown that a decline in hemoglobin concentration and anemia may induce negative 
changes in mitochondria and biosynthetic enzymes in muscle cells [37,38]. Recently, 
mitochondrial dysfunction was also identiϐied in an animal model as one cause of 
cancer-related muscle weakness [39]. Thus, anemia may directly affect muscle strength 
in cancer patients.

Anemia in cancer patients frequently develops not only as a direct symptom 
of cancer, but also as an adverse effect of chemotherapy [12,40,41]. In this study, 
patients in both the solid tumor and the hematological malignancy group received 
chemotherapy. However, hemoglobin concentration was identiϐied as a factor affecting 
muscle strength only in the hematological malignancy group. Additionally, hemoglobin 
levels in the hematological malignancy group were signiϐicantly lower than in the solid 
tumor group. Low hemoglobin levels might therefore be an important factor affecting 
muscle strength in patients with hematological malignancy.

Some questions remain regarding the results of this study. For example, despite 
the fact that hemoglobin concentration among participants in the solid tumor group 
was lower than that in healthy individuals [28], this biochemical marker was not 
identiϐied as a signiϐicant factor inϐluencing muscle strength. Similarly, fatigue in the 
hematological malignancy group was not found to be a factor contributing to muscle 
strength. These unexplained results suggest the presence of other important factors 
that were not analyzed in this study. Additionally, several limitations inherent to this 
study should be considered.

First, the measurement of muscle strength and knee extension was not conducted 
according to a conventional method: a chair with a back and a ϐixed belt for the trunk 
were not used in this study. It was also not clear whether the cancer patients who 
were mentally weak made the greatest efforts. Other limitations were as follows: 
The study had a small sample size. The solid tumor group consisted of patients with 
tumors in various organs. The conditions of chemotherapy such as frequency, dose, 
and duration were not investigated in detail. Although the period from induction of 
cancer (diagnosis) to measurement and staging of cancer should be considered, these 
data were not included in analysis. The physical activity of patients diagnosed with 
cancer must have decreased, which would have contributed to muscle weakness [42].

CONCLUSION

We found that causes of declining muscle strength differ between solid tumor 
and hematological malignancy patients undergoing chemotherapy. Although fatigue 
appeared to be the most important factor affecting muscle weakness in patients 
with solid tumors, low hemoglobin level was an important factor in patients with 
hematological malignancies. In the clinic, gaining muscle hypertrophy through 
intensive resistance training is often difϐicult for cancer patients undergoing 
chemotherapy because of fatigue, malnutrition, and anemia. Based on the results of 
this study, low-intensity exercise could be recommended for a part of patients with 
solid tumors who have severe fatigue, as low-intensity exercise is known to reduce 
fatigue [43,44]. This could improve muscle weakness even if muscle mass is not 
changed. On the other hand, it has been reported in animal experiments that aerobic 
exercise is effective in improving low hemoglobin levels and anemia [45]. However, 
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effects and safety of aerobic exercise with regard to anemia have yet to be conϐirmed 
in patients with hematological malignancies. Future research should investigate the 
most effective exercises for improving muscle weakness in cancer patients undergoing 
chemotherapy.
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