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Whole-Body Electromyostimulation Combined With Individualized Nutritional Support Improves Body Composition in Patients With Hematological Malignancies – A Pilot Study
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Patients undergoing the complex treatment for hematological malignancies are exposed to a high physiological and psychological distress inducing fatigue and physical inactivity. In line with cancer-related metabolic changes patients are predisposed for skeletal muscle mass loss that leads to a functional decline, affects therapeutic success, and quality of life. Benefits of physical exercise and nutritional interventions on muscle maintenance are observed in solid cancer patients, but marginally investigated in patients with hematological cancer. We here studied the effects of a combined supportive exercise and nutrition intervention using whole-body electromyostimulation (WB-EMS) training and individualized nutritional support in patients actively treated for hematological malignancy. In a controlled pilot trial, 31 patients (67.7% male; 58.0 ± 16.7 years) with various hematological cancers were allocated to a control group (n = 9) receiving nutritional support of usual care regarding a high protein intake (>1.0 g/kg/d) or to a physical exercise group (n = 22) additionally performing WB-EMS training twice weekly for 12 weeks. Bodyweight and body composition assessed by bioelectrical impedance analysis were measured every 4 weeks. Physical function, blood parameters, quality of life and fatigue were assessed at baseline and after 12 weeks. No WB-EMS-related adverse effects occurred. Patients attending the exercise program presented a higher skeletal muscle mass than controls after 12-weeks (1.51 kg [0.41, 2.60]; p = 0.008). In contrast, patients of the control group showed a higher fat mass percentage than patients of the WB-EMS group (-4.46% [-7.15, -1.77]; p = 0.001) that was accompanied by an increase in serum triglycerides in contrast to a decrease in the WB-EMS group (change ± SD, control 36.3 ± 50.6 mg/dl; WB-EMS -31.8 ± 68.7 mg/dl; p = 0.064). No significant group differences for lower limb strength, quality of life, and fatigue were detected. However, compared to controls the WB-EMS group significantly improved in physical functioning indicated by a higher increase in the 6-min-walking distance (p = 0.046). A combined therapeutic intervention of WB-EMS and protein-rich nutritional support seems to be safe and effective in improving skeletal muscle mass and body composition in hematological cancer patients during active oncological treatment.

Clinical Trial Registration: www.ClinicalTrials.gov, identifier NCT02293239.
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INTRODUCTION

With an increasing trend, 40,000 newly diagnosed cases of malign hematological diseases were registered and accounted for approximately 19,000 deaths in Germany in 2013 (Robert-Koch-Institut, 2016). The main malignant neoplasms comprise leukemia, Hodgkin and Non-Hodgkin lymphoma and multiple myeloma. Treatment regimens for affected patients are complex involving high-dose chemotherapy and total-body irradiation probably before or followed by hematopoietic stem cell transplantation. Even though improved therapy modalities had increased the survival of the patients in the past years, adverse therapy effects are still responsible for many deaths in hematological patients (Copelan, 2006; Othus et al., 2014; Buckley et al., 2015). Side effects linked to the disease as well as therapy complications such as anemia, a high susceptibility for infections, fatigue or Graft-versus-Host-Disease (GvHD) lead to a decreased physical activity – especially in patients with a long inpatient treatment (Danaher et al., 2006; Morishita et al., 2012a; Wiskemann et al., 2014). As a consequence of physical inactivity, the catabolic effects of cytotoxic and immunosuppressive therapies, as well as the metabolic changes and myopathy induced by a long-term glucocorticoid treatment (Gupta and Gupta, 2013; Macedo et al., 2016), hematological cancer patients undergo unfavorable body composition changes during the active treatment period (Greenfield et al., 2014). While fat mass increases during and after the oncological therapy, muscle mass declines. Those alterations are hardly reversible into the pre-illness and pre-treatment status and may result in sarcopenic obesity that may predispose patients for other metabolic diseases in future (Morishita et al., 2012b; Orgel et al., 2016; Xiao et al., 2016). Treatment-associated muscle weakness also leads to functional declines that can be still observed in survivorship (Inaba et al., 2012; Hung et al., 2013). Muscle wasting and physical deconditioning thereby not only enhance symptoms of fatigue, but also substantially impair patients’ quality of life, reduce therapy options and worsen prognosis (Danaher et al., 2006; Mosher et al., 2009; Morishita et al., 2012a,b; Lanic et al., 2014; Chu et al., 2017).

Adverse disease and treatment effects such as nausea, vomiting, diarrhea and mucositis can impair nutritional intake and are responsible for the high numbers of hematological patients that are at nutritional risk – particularly in patients who received stem cell transplantation (Liu et al., 2016). Thus, an adequate individual nutritional support is highly emphasized for hematological cancer patients as malnutrition could increase mortality (Calleja Fernandez et al., 2015).

Previous studies clearly suggest the feasibility of exercise intervention in hematological cancer patients to stabilize muscular status, body composition and improve physical activity (Liu et al., 2009). However, most studies were conducted as post-treatment rehabilitation interventions. A primary investigation of clinically relevant outcomes such as changes in skeletal muscle mass during treatment has been neglected so far. Treatment-related effects including fatigue and physical discomfort, but also bone lesions as a complication of multiple myeloma, may hinder actively treated patients to enter time-consuming and strenuous physical exercise programs. We therefore tested the feasibility of the innovative strength training method of whole-body electromyostimulation (WB-EMS) in hematological cancer patients undergoing treatment. The WB-EMS technology enables a simultaneous muscle contraction of all large muscle groups that is additionally supported by easy-to-perform dynamic exercises, as we described in detail previously (Schink et al., 2018). Observed benefits of a dual intervention of WB-EMS and individualized nutritional support on muscle mass in patients with advanced solid cancers (Schink et al., 2018), led us to the primary hypothesis that this combined approach is also feasible in hematological patients and may show better effects on stabilizing or even increasing skeletal muscle mass than a dietary support alone. Within this multimodal approach we also investigated the effect of the exercise and nutrition therapy on objective outcomes including bodyweight and body composition, physical functioning, hematological and blood chemistry parameters as well as on patient-reported quality of life and fatigue.

MATERIALS AND METHODS

Patients

Adult patients (≥18 years) with confirmed diagnosis of a malignant hematological disease undergoing active treatment at initial evaluation were considered eligible for the study. This included patients with or without prior or subsequent hematopoietic stem cell transplantation (HSCT) and patients who were treated for acute GvHD as an adverse effect of HSCT. To enable the conduction of exercises patients had to display a Karnofsky performance status ≥60 at baseline. Patients were excluded from study participation when they already participated in other nutritional or physical exercise trials and consumed anabolic drugs, recently. An study exclusion was also necessary if patients experienced acute cardio-vascular events, suffered from epilepsy, severe neurological diseases or skin lesions within the area of electrodes, underwent surgery in the last 3 months, presented acute vein thrombosis, a cardiac pace-maker or conductive implants or in case of pregnancy as those conditions would exclude a WB-EMS application and bioelectrical impedance analysis measurement (Schink et al., 2018).

The declaration of the written informed consent to participate was obtained from every patient before his inclusion into the study. The study was conducted according to the guidelines of the Declaration of Helsinki. The protocol of this study was approved by the ethics committee of the Friedrich–Alexander University Erlangen–Nürnberg (Reg.Nr.155_13B) and registered at clinicaltrials.gov (NCT02293239). Participants of the present trial were recruited from the Department of Medicine 5 – Haematology and Oncology at the University Hospital Erlangen during November 2013 and March 2017. All baseline and outcome assessments, the WB-EMS exercise program, dietary counseling and data collection were performed at the Department of Medicine 1 – Gastroenterology, Pneumology and Endocrinology, Hector-Center for Nutrition, Exercise and Sports at the University Hospital Erlangen.

Study Design

The pilot study was conducted as a two-armed prospective controlled clinical trial. After baseline assessment patients were either allocated to a physical exercise group regularly performing a WB-EMS training (WB-EMS group) or to a control group without any exercise intervention. Both groups received the same nutritional support during the study. Allocation to the study group was limited by the patients’ ability to attend the exercise program twice weekly, as described previously (Schink et al., 2018). In case of inability due to logistical aspects, patients were allocated to the control group resulting in an approximately 2:1 partition favoring the WB-EMS group. For each patient the duration of the study intervention was 12 weeks. Patients and outcome assessing personnel were not blinded.

Dietary Support

The nutritional risk of the recruited study patients was assessed at baseline and documented by the nutritional risk screening (NRS-2002) (Kondrup et al., 2003). Patients who scored greater or equal three points were assumed to be at nutritional risk caused by low body mass index, decreased food intake and/or prior involuntary weight loss (Kondrup et al., 2003). The dietary support and monitoring of the nutritional intake by weekly 24 h-dietary records (Freiburger Ernährungsprotokoll; Nutri-Science GmbH, Freiburg) during the study have been described previously (Schink et al., 2018). Briefly, dietary intake was analyzed by Prodi®6 (Nutri-Science GmbH, Freiburg) and a certified dietician instructed/motivated patients by face-to-face conversation to achieve a daily protein intake of >1.0 g/kg and caloric intake of at least 25 kcal/kg bodyweight in regard to current dietary recommendations for patients with malignant diseases (Arends et al., 2015, 2016). As a precautionary measure, patients suffering from renal insufficiency or displaying high serum creatinine concentrations (women, >1.0 mg/dl; men, >1.2 mg/dl) were instructed not to exceed a daily protein intake of 1.0 g/kg in acute or 1.2 g/kg in chronic renal disease (Arends et al., 2016). Supplemental nutrition in form of protein/amino acid-rich oral supplements or parenteral nutrition (Olimel 5.7% E, Baxter Germany, Munich) was provided to patients with insufficient or impaired nutrient intake.

To assess the compliance to the dietary recommendations proportions of patients who achieved only a normal (<25 kcal/kg/d; ≤1.0 g/kg/d) or an increased (≥25 kcal/kg/d; >1.0 g/kg/d) protein and energy intake were calculated.

Physical Exercise Program

Study intervention included a physical exercise program in the form of a regular WB-EMS training over a period of 12 weeks. The conduction of the WB-EMS training and exercises were detailed described previously (Schink et al., 2018). Electrical muscle stimulation was applied by bipolar impulses at a frequency of 85 Hz and pulse width of 350 μs mediating a stimulation for 6 s followed by a 4 s stimulation rest. Here, muscles of the upper legs, upper arms, bottom, abdomen, chest, lower back, upper back, and latissimus dorsi have been stimulated. The supervised WB-EMS training was conducted twice a week for 20 min/session and comprised a sequence of light dynamic and easy-to-perform physical exercises that supported the activation of the mentioned muscle groups (Schink et al., 2018). WB-EMS equipment was purchased from Miha bodytec (Miha bodytec GmbH, Gersthofen).

Study Outcomes

Assessments

Demographic data were collected by an anamnesis questionnaire and medical records. Assessments of study outcomes on body composition were performed at baseline, in week 4, week 8 and at study end after 12 weeks of study intervention. Blood parameters, physical functioning and patient-reported quality of life and fatigue were assessed at baseline and study end.

The adherence of the patients to the WB-EMS training was registered by the supervising physiotherapists at each exercise session. Exercise adherence rate of the patients who completed the 12-week period of the study was calculated by the number of performed trainings from a total of 24 WB-EMS trainings.

Body Composition, Physical Function, and Quality of Life

The primary outcome was the change of skeletal muscle mass assessed by bioelectrical impedance analysis – BIA (seca mBCA 515; Seca GmbH & Co., KG, Hamburg) (Bosy-Westphal and Jensen, 2017). Secondary endpoints of bodyweight and body composition including fat mass percentage and phase angle were also assessed by BIA.

Physical functioning and endurance were assessed by the 6-min-walk test (Schmidt et al., 2013). Functioning and strength of the lower limbs was indirectly determined by the 30 s sit-to-stand (STS) test (Jones et al., 1999). Physical performance status was determined by Karnofsky-Index (Karnofsky and Burchenal, 1949).

Patient-reported quality of life was evaluated by the European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire – C30 (EORTC QLQ-C30) (Aaronson et al., 1993). Here, a higher score in global health and functional scales indicate a better quality of life while high scores in symptom scales hint toward a higher symptomatic burden. An additional assessment of fatigue was done by the use of the Functional Assessment of Chronic Illness Therapy – Fatigue Scale that indicates less fatigue and better function by a higher score (13-item FACIT Fatigue Scale) (Lai et al., 2003).

Analysis of Blood Samples

Blood samples were collected at baseline and after 12 weeks of intervention by puncture of the arm vein or blood values were extracted from the documented routine blood sampling undertaken during the oncological treatment. The analysis of nutritional and inflammatory blood markers (normal values: C-reactive protein, CRP <5 mg/l; albumin 35–55 g/l; total protein 66–83 g/l; triglycerides 50–200 mg/dl; creatinine 0.51–1.17 mg/dl; lactate dehydrogenase, LDH <250 U/l) and hematological parameters (leukocytes 4.4–11.3 × 103/μl, thrombocytes 150–300 × 103/μl, hematocrit 35–48%, hemoglobin 11.5–18.0 g/dl, erythrocytes 4.1–6.0 × 106/μl) was carried out by the diagnostic laboratories of the University Hospital Erlangen.

Statistical Analysis

Descriptive data are presented as means ± standard deviations (SD) for continuous variables and count and percentages for categorical variables. Laboratory variables are expressed as median with range. Normal distribution of data was tested by Shapiro–Wilk test. Baseline differences between study groups were analyzed by Pearson’s chi-squared test and Fisher’s exact test, where appropriate, for categorical variables. Continuous variables were analyzed by independent-samples t-test, Welch-test or Mann–Whitney U-test, where appropriate. Similarly, comparisons between patients who completed and not completed the study were conducted.

To evaluate the effect of WB-EMS intervention on skeletal muscle mass, bodyweight, and body composition throughout the study course, linear mixed models (LMM) were generated. LMM allow the analysis of longitudinal data with missing samples that is common for clinical trials including serious ill patients with expected high dropout rates and thus follows the intent-to-treat approach (Chakraborty and Gu, 2009; West, 2009; Peters et al., 2012). The LMM were fitted for each outcome using a patient-specific random intercept. To control for baseline differences, the baseline value of each outcome was included in the models. Time and a time-group interaction to estimate the intervention effect on the study outcome over time were included as fixed effects. As part of a sensitivity analysis, we also assessed fixed effects adjusted for age, gender, diagnosis of the hematological malignancy and glucocorticoid intake. Results are presented as parameter estimates with 95% confidence intervals (95% CI). To assess an association between protein intake and changes in skeletal muscle mass a Pearson correlation analysis was carried out for both study groups with patients presenting skeletal muscle mass data after 12 weeks. Secondary outcomes only assessed at baseline and after 12 weeks were analyzed for all patients with pre- and post-intervention data. Pre- to post-test changes were compared by the use of independent-samples t-test or Mann–Whitney U-test, where appropriate, and presented as mean ± SD.

Statistical analysis was conducted using SPSS version 21 (IBM SPSS Statistics, Ehningen, Germany) and Prism 7.00 (GraphPad Software Inc., La Jolla, CA, United States). Two-sided p-value <0.05 was considered as statistically significant. Due to the exploratory character of this pilot study, no correction for multiple testing was applied.

RESULTS

Participants

Baseline Characteristics

Thirty-one patients undergoing active treatment for acute myeloid leukemia (AML), Hodgkin lymphoma, Non-Hodgkin lymphoma (NHL), multiple myeloma and/or associated acute GvHD were recruited for the trial (Figure 1).
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FIGURE 1. Patient flowchart. The flowchart shows the number of the allocated patients and the number of patients who dropped out during study course with dropout reasons and the number of patients who completed the whole intervention period of 12 weeks. During the study, body composition analysis was missed by 1 patient of the WB-EMS group at week 4 and 1 control and 2 WB-EMS patients at week 8. WB-EMS, whole-body electromyostimulation.



Participants’ baseline characteristics are presented in Table 1. Study groups were well balanced in demographic and anthropometric baseline variables with a higher percentage of male participants in both study groups. No significant group differences between body composition parameters and functional status were observed at study entry. Patients of both groups showed a high mean body mass index (>25.0 kg/m2) and 61.3% of all recruited patients were defined as overweight or obese regarding the WHO classification of the nutritional status (World Health Organization [WHO], 2000). The obese phenotype of the patients was underlined by a high fat mass percentage (>27.0% fat mass) and increased metabolic risk factors indicated by higher serum triglyceride concentrations (>170 mg/dl). Nevertheless, approximately two-third of the study patients in both groups were at nutritional risk (NRS score ≥3) due to decreased food intake or unintended disease- or treatment-related weight loss indicating the demand of nutritional support at baseline. However, only one patient of the control and three patients of the WB-EMS group had to be supported by artificial nutrition in addition to the support by nutritional counseling. Patients of both study groups reported comparable quality of life (p = 0.286) and fatigue severity (p = 0.284) at the beginning of the study. Disease characteristics including diagnosis and current oncological treatment of the hematological cancer were not significantly different at baseline except of a significantly lower median leukocyte count in the control group compared to the WB-EMS group. Approximately one-third of the study patients of each group exhibited osteolytic lesions as a consequence of myeloma bone marrow infiltration.

TABLE 1. Demographic and disease characteristics of the included patients.
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Nutritional Intake

During the study the nutritional goals regarding a high daily caloric (≥25 kcal/kg) and protein (>1.0 g/kg) intake were achieved by approximately 90% of all recruited patients of the control and the WB-EMS group (Table 2). Both study groups exceeded the minimum aimed dietary intake by a mean daily protein intake of 1.4 g/kg and a mean daily caloric intake more than 30 kcal/kg. Of note, two patients of the WB-EMS group and one control patient failed to document dietary intake and were therefore unavailable for the nutritional analysis.

TABLE 2. Nutritional intake during study course of the included patientsa.
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Feasibility and Exercise Adherence

Patients’ flow chart and dropout reasons are presented in Figure 1. During the trial, 3 patients of the control and 13 patients of the WB-EMS group prematurely withdrew from the study leading to a dropout rate of 33.3% for the control and 59.1% for the WB-EMS group (p = 0.252). Reason for study dropout in the WB-EMS group was mainly due to treatment-related toxicities and clinical deterioration. Two patients of the WB-EMS group who prematurely terminated the study suffered from acute GvHD. However, reasons were not significantly different between study groups (p = 0.686). Patients who were not able to continue the study had a significantly higher drug intake (8.9 ± 6.0 vs. 4.7 ± 3.7; p = 0.026) as well as a higher leukocyte count (9.0 ± 7.2 × 103/μl vs. 4.6 ± 2.4 × 103/μl; p = 0.033) in line with lower albumin concentrations (37.7 ± 5.1 g/l vs. 40.7 ± 3.5 g/l; p = 0.073) than patients who completed the study. Further, they showed a less social functioning assessed by the EORTC QLQ-C30 (44.9 ± 19.8 vs. 65.5 ± 21.2; p = 0.015). No significant differences of the patients who dropped out between the two study groups were detected. Remarkably, no WB-EMS related side-effects or discomfort appeared despite a small muscular aching comparable to other strength training methods. Patients of the WB-EMS group who completed the 12-week intervention period attended in average 18.6 ± 3.5 from a total of 24 training sessions leading to a mean exercise adherence rate of 77.3 ± 14.5%.

Body Composition

During the study course of 12 weeks patients of the WB-EMS group showed an increase in skeletal muscle mass, while a reduction in muscle mass was observed for control patients (Figure 2A). This resulted in a significant estimated mean difference between the groups of 1.21 kg [0.32, 2.10] at week 4, 1.49 kg [0.41, 2.57] at week 8, and 1.51 kg [0.41, 2.60] at the end of the 12-week intervention period favoring the combined exercise and nutrition intervention (p < 0.01; Table 3). In line with this, fat free mass index (FFMI) was significantly higher in the WB-EMS group compared to controls after 12 weeks (p < 0.001; Figure 2D and Table 3). Both study groups tended to increase in bodyweight (Figure 2C), but in contrast to the WB-EMS group, the bodyweight gain in controls was characterized by an increase in fat mass indicated by an increase of the body fat percentage (Figure 2B) and fat mass index (FMI; Figure 2E). This led to an estimated negative effect of the WB-EMS group on body fat percentage and FMI (p < 0.01 at week 12; Table 3). No significant mean group differences were observed for the parameter of phase angle over time (p > 0.05; Table 3). A trend toward an increased phase angle in controls (Figure 2F) is suggested to be rather a result of treatment-related changes in body water distribution of the extracellular water (ECW) to the intracellular water (ICW) (Hydration, Table 3) than in body cell mass. Of note, an additional sensitivity analysis adjusting the LMM’s for age, gender, cancer diagnosis, and glucocorticoid treatment did not reveal appreciable alterations of the estimated treatment effects and significances (Table 3).
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FIGURE 2. Changes in body composition during the 12-week intervention period. Unadjusted estimated marginal means with 95% confidence intervals of the body composition parameters (A) skeletal muscle mass, (B) fat mass percentage, (C) bodyweight, (D) FFMI, (E) FMI, and (F) phase angle are illustrated for the control group and the WB-EMS group over the 12-week study course. WB-EMS, whole-body electromyostimulation; FMI, fat mass index; FFMI, fat free mass index.



TABLE 3. Linear mixed model analysis estimating the unadjusted and adjusteda effect (group × time) of the combined WB-EMS and nutrition intervention on anthropometry, and body composition over the 12-week study course compared to the usual care control group.

[image: image]

Pearson correlation analysis yielded a significant strong positive correlation between an increase in skeletal muscle mass and the amount of protein intake in the WB-EMS group (r = 0.682; p = 0.043), while no significant relationship between protein intake and muscle mass gain was observed for the control group (r = -0.609; p = 0.275; Figure 3). The significant correlation for the WB-EMS group was also observed for muscle mass changes in week 4 and week 8 (r > 0.600), but not in the control group (data not shown).
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FIGURE 3. Relationship between daily protein intake and change in skeletal muscle mass. Pearson correlation between daily protein intake (g/kg bodyweight) and change in skeletal muscle mass (kg) of the control (n = 6) and the WB-EMS group (n = 9) after 12 weeks. SMM, skeletal muscle mass; WB-EMS, whole-body electromyostimulation.



Physical Function and Quality of Life

Analysis of physical function, quality of life and fatigue were based on available pre- and post-assessment data measured at baseline and after 12 weeks (Table 4). Patients of the WB-EMS group significantly increased their 6-min-walking distance after 12 weeks (48.4 ± 51.5 m; p = 0.032), while walking performance was kept stable in controls, leading to a significant difference between the study groups (p = 0.046; Table 4). Though significance level between groups was not reached (p = 0.181), an increased performance status was reported by the patients of the WB-EMS group (Karnofsky-Index, 11.1 ± 17.6; p = 0.095). A comparable increase in patient-reported physical functioning was observed for both study groups (controls, 11.5 ± 18.3; WB-EMS group 10.8 ± 22.7; p = 0.957). Interestingly, controls reported a non-significant decline in social functioning after 12 weeks (-16.6 ± 27.3; p = 0.311), while exercising patients remained stable (2.0 ± 19.3; p = 0.764), and thus tended to function better socially (p = 0.183). Both study groups improved their fatigue symptoms (FACIT and C30 scale), whereby only the within-group difference of the controls for the FACIT-Fatigue scale reached statistical significance (11.3 ± 6.6; p = 0.042). However, no significant inter-group differences between changes in fatigue were revealed. Global health tended to improve within the WB-EMS group (10.4 ± 15.6; p = 0.080), but no significant differences between the groups were detected. Moreover, symptoms of insomnia significantly declined (-37.0 ± 35.2; p = 0.014) and nausea/vomiting tended to decrease in the WB-EMS group (-14.9 ± 22.8, p = 0.066).

TABLE 4. Physical function and quality of life at baseline and after 12 weeks1.
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Hematological and Biochemical Parameters

No significant within- and between-group differences were detected for hematological blood parameters (Table 5). However, a distinct decrease in triglyceride concentrations was noticed in the WB-EMS group (-31.8 ± 68.7; p = 0.232) in contrast to an increase in the control group (36.3 ± 50.6; p = 0.139), albeit differences between the groups did not reach level of statistical significance (p = 0.064).

TABLE 5. Hematological and blood biochemistry parameters at baseline and after 12 weeks1.
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DISCUSSION

This study is the first study, by our knowledge, that investigated the impact of a combined physical exercise and nutrition program on patients actively treated for hematological malignancies. We demonstrated that supervised WB-EMS training seems to be a safe and feasible strength training method for this patient group. Our results showed a significantly higher skeletal muscle in the patients additionally trained by WB-EMS compared to the usual care patients during the 12-week study course. This strengthens our primary hypothesis that a combined exercise and nutrition intervention may be more efficient in maintaining muscle mass during the oncological treatment in hematological cancer patients than a solely nutritional support. The dual therapeutic approach also seemed to induce benefits on the physical functioning and metabolic risk factors with regard to the lipid metabolism of the patients.

Body Composition

Patients suffering from cancer are faced to a broad range of physiological and psychological symptoms resulting in a decline of physical activity that detrimentally affects body composition and functional status. The causes are multifactorial and include disease- and treatment-related toxicities on the cardiopulmonary, gastrointestinal, neurological and hematopoietic system. As a consequence of inflammation-mediated metabolic changes, increased catabolic processes trigger muscle protein breakdown as a hallmark of cancer cachexia that is mostly prominent in patients with solid tumors (Fearon et al., 2013). In hematological cancer, cytotoxic effects of chemotherapeutic agents, radiation, and immunosuppressive agents may be the main contributors to the prognostic process of muscle wasting (Blauwhoff-Buskermolen et al., 2016; Guglielmi et al., 2017). Synthetic glucocorticoids are widely used within the chemotherapeutic treatment of lymphoproliferative diseases (Lin and Wang, 2016). Disadvantageously, glucocorticoids induce a broad range of catabolic actions and dysregulate anabolic signaling leading to a loss in skeletal muscle mass and function (Gupta and Gupta, 2013). Deficits in health-related physical fitness are therefore common (Persoon et al., 2017b). Increasing the physical activity of cancer patients during active treatment could be a key approach to overcome those deficits and preserve muscle mass. We here provided an novel strength training method in form of WB-EMS that is time-efficient, gentle for the patient and was already shown to increase muscle mass in sarcopenic elderly and patients suffering from chronic heart failure (Fritzsche et al., 2010; Kemmler et al., 2014). With the present pilot trial we could emphasize the muscle-building effect of the WB-EMS training for patients actively treated for different hematological malignancies. Our results demonstrated that an additional regular WB-EMS training can improve skeletal muscle mass with a superior effect to a sole nutritional support even after 4 weeks of study intervention. The benefit of this combined 12-week intervention on muscle mass maintenance is in line with the results of our previous study in advanced-stage solid cancer patients (Schink et al., 2018). Studies evaluating the effect of physical exercise on skeletal muscle mass as a primary outcome in hematological cancer patients during active treatment are quite rare. Evidence of the effectiveness of physical exercise to improve skeletal muscle mass in hematological cancer was provided by a study of Coleman et al. (2003), demonstrating a higher muscle mass for multiple myeloma patients after a 12-week aerobic/resistance exercise program compared to a control group who only received advices for an active lifestyle (Coleman et al., 2003). In contrast, a mixed exercise program consisting of home-based, gym-based and group-based exercises showed no effect on fat-free mass index in myeloma patients (Groeneveldt et al., 2013). Likewise, resistance exercise three or five-times a week showed no superior impact on arm muscle area compared to control patients in acute leukemia patients undergoing bone marrow transplantation and total parenteral nutrition (Cunningham et al., 1986). Overall, it would be of great interest to prospectively investigate, if WB-EMS combined with the high protein nutritional support may be more efficient in improving the muscle mass status than conventional strength training methods.

In fact, we observed a strong positive correlation of the amount of protein intake with an increase in skeletal muscle mass after 12 weeks in the WB-EMS group. This observation may suggest that the known hypertrophic effect of physical exercise, especially in form of resistance training (Schoenfeld, 2010), can be supported and probably enhanced by the additional anabolic stimuli of a regular high protein/amino acid intake that helps to efficiently overcome increased catabolic processes (Willoughby et al., 2007). Tieland et al. (2012) demonstrated that an additional protein supplementation of 15 g 2×/day showed a stronger effect on muscle mass gain in older men performing a progressive resistance training for 24 weeks compared to the exercising placebo-group. Contrary, no effect of an additional protein supplementation (40 g/d) on muscle mass gain during a resistance training program was observed in a study with breast cancer survivors (Madzima et al., 2017). In this study, however, patients reached only a mean daily protein intake of 1.2 g/kg/d in contrast to a mean daily protein intake of 1.4 g/kg/d in our trial and calorie restriction resulted in a net gain of the protein intake of only 17 g/d. This may have affected results. However, due to the small sample size and the lack of an exercise group that was not intended to increase protein intake, a definitive conclusion about a valid impact of the amount of protein intake on muscle build up in our patient population cannot be drawn. Nonetheless, although our correlation analysis should be interpreted cautiously, it emphasizes a further investigation of the exact amount of dietary protein that is needed for muscle build-up in lager-scaled randomized controlled trials.

In addition to skeletal muscle mass, we also monitored changes in bodyweight and other body compartments. At baseline, approximately 60% of our patients were classified as overweight or obese. Unfavorable body composition characterized by overweight/obesity as a result of a high body fat percentage and reduced muscle mass is frequently observed in patients treated for hematological cancer and hints toward the presence of the so called sarcopenic obesity (Xiao et al., 2016; Persoon et al., 2017b). High body fat promotes the secretion of inflammatory mediators by the adipose tissue leading to a systemic inflammation and higher oxidative stress level that trigger the development of metabolic diseases (Nanayakkara et al., 2012; Ellulu et al., 2017). Thus, sarcopenic obesity can negatively impact the overall life expectancy (Yip et al., 2015). Considering this, avoiding deterioration of manifestation of metabolic disorders of long-term cancer patients should be goal in a multimodal cancer care. Studies also provide evidence that high body fat can be predictive for greater dose-independent side-effects and a worse treatment response (GroDelta et al., 2017). Our results showed that even though both study groups tended to increase in bodyweight, this increase was due different tissues changes. While patients of the WB-EMS group increased in muscle mass and were balanced in body fat percentage, control patients were further shifted toward sarcopenic obesity, underlined by a decrease in muscle mass and an increase in body fat that was significantly higher at study end. Interestingly, a trial of Kemmler et al. (2017) demonstrated comparable results. Older men receiving WB-EMS training and high protein supplementation (1.7–1.8 g/kg/d) showed a higher reduction of total body fat and increase of muscle mass than men with isolated protein supplementation or no intervention. The increase in body fat during treatment of hematological cancer might be a result of glucocorticoid treatment affecting the lipid metabolism (Peckett et al., 2011) in line with low physical activity levels induced by fatigue (Coleman et al., 2011). Our results therefore suggest that exercise in form of WB-EMS combined with a high protein intake could be efficient to attenuate treatment-related unfavorable body composition changes and may therefore also be helpful to improve treatment response and avoid metabolic diseases in the post-treatment period. Underlining this thesis, we observed changes in serum triglycerides. The lipid profile of patients with hematological malignancies was shown to be negatively altered. Concentrations in cholesterol fractions are suggested to be inversely associated with the incidence of hematological cancer, while triglycerides can be elevated in those patients, especially in the active disease period (Naik et al., 2006; Kuliszkiewicz-Janus et al., 2008). After 12 weeks we recognized a strong trend toward a decrease in serum triglycerides in the WB-EMS group in contrast to an increase in the control group.

During the study course BIA measurements revealed no statistically significant differences in the nutritional and health-predicting parameter of phase angle (Lee et al., 2014). Different glucocorticoid treatments and antidiuretic drugs may have probably influenced body water distribution that highly affects phase angle values.

We assessed body composition and thus skeletal muscle mass by BIA as it was demonstrated to correlate with the results obtained from Dual Energy X-ray Absorptiometry and magnetic resonance tomography (Bosy-Westphal et al., 2008; Bosy-Westphal and Jensen, 2017), but is much easier and faster to apply, as previously described (Schink et al., 2018).

Physical Function

Functional disabilities after treatment for hematological cancer are common and can be observed even years after the initial therapy (Battaglini, 2011; Tuchman et al., 2015). Several reviews suggest that muscle strength and physical functioning can be improved by different exercise interventions in these patients (Bergenthal et al., 2014; Gan et al., 2016). Our results support these findings. A significantly higher 6-min-walking distance and improved patient-reported performance status (Karnofsky-Index) suggest the effectiveness of WB-EMS to stabilize and ameliorate the whole muscular status of the patients by improving functional capacity. In a study with various hematological cancer patients an exercise program did not stabilize 6-min-walking distance during HSCT (Takekiyo et al., 2015), even though exercise was conducted 5 days a week each time for 40 min. In contrast, Mello et al. (2003) showed a significant increase in muscle strength 6 weeks after allogenic bone marrow transplantation. So, either scheduling of exercise programs or the appropriate intensity and application type of exercise may be important to relevantly improve physical function in patients with hematological malignancies. Compared to the conventional exercise programs the less time-consuming exercise schedule of our ambulant WB-EMS training program (2×/week á 20 min) may offer a great advantage to efficiently sustain physical function in hematological patients even during active treatment.

Quality of Life

Maintaining of the quality of life is an important goal in a multimodal cancer care concept. A review of Allart-Vorelli et al. (2015) demonstrated that different dimensions of quality of life including physical and psycho-social well-being are detrimentally affected by hematological malignancies and treatment side-effects. Fatigue is thereby one of the most burdening symptoms in these patients (Miltenyi et al., 2010). Physical exercise was shown to improve physical well-being and to potentially reduce fatigue-symptoms (Oldervoll et al., 2003; Groeneveldt et al., 2013). Both of our study groups improved in fatigue, whereby a greater improvement in the control group was most likely due to a higher fatigue burden at baseline of the analyzed patients. However, a recent study with myeloma and lymphoma patients also showed a decrease in fatigue in the exercising as well as in the usual care control group, probably a result of exercise contamination in controls (Persoon et al., 2017a). Besides physical exercise, also the nutritional support covering patients’ energy and nutrient requirements may have relieved fatigue symptoms. The small sample size makes it difficult to interpret the results conclusively. However, although there are no significant differences between the groups, patients of the physical exercise group showed greater improvements for their psychosocial functioning, indicating improved social and role functioning. These patients showed also a distinct increase in global health/overall quality of life after 12 weeks of WB-EMS training. Moreover, intra-group analysis revealed a significant amelioration of insomnia, a frequent symptom in hematological cancer patients (Johnsen et al., 2009; Coleman et al., 2011). Exercise was previously suggested to be a potent treatment against insomnia (Passos et al., 2012). Further, a strong trend toward decreased nausea during anti-cancer treatment was revealed for the WB-EMS group that could also be demonstrated in exercising breast cancer patients undergoing adjuvant chemotherapy (Lee et al., 2008) and hints toward a decreased treatment-related toxicity and adequately adapted nutrition.

Overall Training Adherence

The implementation of exercise interventions into the clinical routine, especially for actively treated hematological cancer patients, is not easy. Many exercise studies were conducted with solid cancer patients, especially breast and prostate cancer patients that are relatively fit. However, treatment toxicities including anemia-induced fatigue, insomnia, and psychological distress hinders hematologic patients from regular exercise (Coleman et al., 2003). The high dropout rate in our physical exercise group of 59.1% underlines this difficulty. Deterioration in clinical status and treatment toxicities (worsening of acute GvHD) were the main reasons for study dropouts. Poor state of health was underlined by the significantly higher daily drug intake and leukocyte count as well as lower serum albumin hinting toward decreased nutritional status. Only visiting the monthly intermediate measurement may have been therefore less burdening for patients than regularly attending the WB-EMS exercise sessions that could interfere with disease-related complications (Oldervoll et al., 2011; Schink et al., 2018). Nonetheless, patients who completed the 12-week intervention period of our study showed a good exercise adherence attaining in mean 77.3% of the scheduled exercise sessions underlining the good acceptance of the WB-EMS training method. Moreover, it has to be mentioned that no WB-EMS related adverse events occurred and that approximately one-third of our patients suffered from osteolytic lesions, as a complication of myeloma infiltration. Those patients might not have been able to undergo a strenuous high intensity apparatus training that is necessary to build up muscles but can be too risky due to possible bone fractures. The innovative technology of WB-EMS to activate almost all large muscle groups simultaneously in line with gentle, easy-to-perform mild exercises removes those concerns.

Study Limitations

Even though, baseline characteristics were well balanced between study groups, the results may be limited by the lack of randomization and blinding of study patients and assessors, respectively, as well as by the small sample size that could have induced bias (Schink et al., 2018). Outcome differences between the study groups may have been a result of a higher percentage of more motivated patients in the WB-EMS group, albeit allocation to study groups was associated to the journey way to the study center to mostly rule out this problem (Schink et al., 2018). Hence, randomized controlled trials are now necessary to confirm our promising results.

CONCLUSION

Summarizing the results of our pilot study we could demonstrate that physical exercise in form of WB-EMS seems to be a feasible and safe strength training method for patients with hematological malignancies. In combination with individual nutritional support high in dietary protein WB-EMS potentially improves skeletal muscle mass and prevents treatment- and disease-related unfavorable changes in body composition and fat metabolism. The clinical relevance of our findings may be emphasized by the observed improvement and preservation of the physical function by the combined therapeutic approach. Our preliminary results now encourage the conduction of further randomized controlled trials with longer follow-up periods to verify these findings and to investigate the maintenance of muscle mass und function after the active treatment period of hematological cancer patients.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this manuscript will be made available by the authors, without undue reservation, to any qualified researcher.

AUTHOR CONTRIBUTIONS

KS, HH, and YZ substantially contributed to the study conception, design, and conduction. KS was responsible for the data acquisition and wrote the manuscript. KS and JM analyzed the data. HH, DR, AM, MN, and YZ revised the manuscript critically for important intellectual content. KS and YZ had primary responsibility for final content. All authors read and approved the final manuscript.

FUNDING

The study was supported by grants from H.W. & J. Hector Foundation, Manfred Roth Foundation, Forschungsstiftung Medizin am Universitätsklinikum Erlangen, Baxter Germany, and Bürgerstiftung Erlangen.

ACKNOWLEDGMENTS

Special thanks to the patients who participated in this study.

REFERENCES

Aaronson, N. K., Ahmedzai, S., Bergman, B., Bullinger, M., Cull, A., Duez, N. J., et al. (1993). The European Organization for Research and Treatment of Cancer QLQ-C30: a quality-of-life instrument for use in international clinical trials in oncology. J. Natl. Cancer Inst. 85, 365–376. doi: 10.1093/jnci/85.5.365

Allart-Vorelli, P., Porro, B., Baguet, F., Michel, A., and Cousson-Gelie, F. (2015). Haematological cancer and quality of life: a systematic literature review. Blood Cancer J. 5:e305. doi: 10.1038/bcj.2015.29

Arends, J., Bachmann, P., Baracos, V., Barthelemy, N., Bertz, H., Bozzetti, F., et al. (2016). ESPEN guidelines on nutrition in cancer patients. Clin. Nutr. 36, 11–48. doi: 10.1016/j.clnu.2016.07.015

Arends, J., Bertz, H., Bischoff, S. C., Fietkau, R., Herrmann, H. J., Holm, E., et al. (2015). S3-Guideline of the German Society for Nutritional Medicine (DGEM) in Cooperation with the DGHO, the ASORS and the AKE. Aktuel. Ernahrungsmed. 40, e1–e74. doi: 10.1055/s-0035-1552741

Battaglini, C. L. (2011). “Physical activity and hematological cancer survivorship,” in Physical Activity and Cancer, eds K. S. Courneya and C. M. Friedenreich (Berlin: Springer), 275–304.

Bergenthal, N., Will, A., Streckmann, F., Wolkewitz, K.-D., Monsef, I., Engert, A., et al. (2014). Aerobic physical exercise for adult patients with haematological malignancies. Cochrane Database Syst. Rev. CD009075. doi: 10.1002/14651858.CD009075.pub2

Blauwhoff-Buskermolen, S., Versteeg, K. S., de van der Schueren, M. A., den Braver, N. R., Berkhof, J., Langius, J. A., et al. (2016). Loss of muscle mass during chemotherapy is predictive for poor survival of patients with metastatic colorectal cancer. J. Clin. Oncol. 34, 1339–1344. doi: 10.1200/jco.2015.63.6043

Bosy-Westphal, A., and Jensen, B. (2017). Quantification of whole-body and segmental skeletal muscle mass using phase-sensitive 8-electrode medical bioelectrical impedance devices. Eur. J. Clin. Nutr. 71, 1061–1067. doi: 10.1038/ejcn.2017.27

Bosy-Westphal, A., Later, W., Hitze, B., Sato, T., Kossel, E., Gluer, C. C., et al. (2008). Accuracy of bioelectrical impedance consumer devices for measurement of body composition in comparison to whole body magnetic resonance imaging and dual X-ray absorptiometry. Obes Facts 1, 319–324. doi: 10.1159/000176061

Buckley, S. A., Othus, M., Estey, E. H., and Walter, R. B. (2015). The treatment-related mortality score is associated with non-fatal adverse events following intensive AML induction chemotherapy. Blood Cancer J. 5:e276. doi: 10.1038/bcj.2014.97

Calleja Fernandez, A., Pintor de la Maza, B., Vidal Casariego, A., Villar Taibo, R., Lopez Gomez, J. J., Cano Rodriguez, I., et al. (2015). Food intake and nutritional status influence outcomes in hospitalized hematology-oncology patients. Nutr. Hosp. 31, 2598–2605. doi: 10.3305/nh.2015.31.6.8674

Chakraborty, H., and Gu, H. (2009). A Mixed Model Approach for Intent-to-Treat Analysis in Longitudinal Clinical Trials With Missing Values. Research Triangle Park, NC: RTI Press, doi: 10.3768/rtipress.2009.mr.0009.0903

Chu, M. P., Lieffers, J., Ghosh, S., Belch, A., Chua, N. S., Fontaine, A., et al. (2017). Skeletal muscle density is an independent predictor of diffuse large B-cell lymphoma outcomes treated with rituximab-based chemoimmunotherapy. J. Cachexia Sarcopenia Muscle 8, 298–304. doi: 10.1002/jcsm.12161

Coleman, E. A., Coon, S., Hall-Barrow, J., Richards, K., Gaylor, D., and Stewart, B. (2003). Feasibility of exercise during treatment for multiple myeloma. Cancer Nurs. 26, 410–419. doi: 10.1097/00002820-200310000-00012

Coleman, E. A., Goodwin, J. A., Coon, S. K., Richards, K., Enderlin, C., Kennedy, R., et al. (2011). Fatigue, sleep, pain, mood, and performance status in patients with multiple myeloma. Cancer Nurs. 34, 219–227. doi: 10.1097/NCC.0b013e3181f9904d

Copelan, E. A. (2006). Hematopoietic stem-cell transplantation. N. Engl. J. Med. 354, 1813–1826. doi: 10.1056/NEJMra052638

Cunningham, B. A., Morris, G., Cheney, C. L., Buergel, N., Aker, S. N., and Lenssen, P. (1986). Effects of resistive exercise on skeletal muscle in marrow transplant recipients receiving total parenteral nutrition. JPEN J. Parenter. Enteral. Nutr. 10, 558–563. doi: 10.1177/0148607186010006558

Danaher, E. H., Ferrans, C., Verlen, E., Ravandi, F., van Besien, K., Gelms, J., et al. (2006). Fatigue and physical activity in patients undergoing hematopoietic stem cell transplant. Oncol. Nurs. Forum 33, 614–624. doi: 10.1188/06.onf.614-624

Ellulu, M. S., Patimah, I., Khaza’ai, H., Rahmat, A., and Abed, Y. (2017). Obesity and inflammation: the linking mechanism and the complications. Arch. Med. Sci. 13, 851–863. doi: 10.5114/aoms.2016.58928

Fearon, K., Arends, J., and Baracos, V. (2013). Understanding the mechanisms and treatment options in cancer cachexia. Nat. Rev. Clin. Oncol. 10, 90–99. doi: 10.1038/nrclinonc.2012.209

Fritzsche, D., Fruend, A., Schenk, S., Mellwig, K. P., Kleinoder, H., Gummert, J., et al. (2010). Electromyostimulation (EMS) in cardiac patients. Will EMS training be helpful in secondary prevention? Herz 35, 34–40. doi: 10.1007/s00059-010-3268-8

Gan, J. H., Sim, C. Y., and Santorelli, L. A. (2016). The effectiveness of exercise programmes in patients with multiple myeloma: a literature review. Crit. Rev. Oncol. Hematol. 98, 275–289. doi: 10.1016/j.critrevonc.2015.11.005

Greenfield, D. M., Boland, E., Ezaydi, Y., Ross, R. J., Ahmedzai, S. H., and Snowden, J. A. (2014). Endocrine, metabolic, nutritional and body composition abnormalities are common in advanced intensively-treated (transplanted) multiple myeloma. Bone Marrow Transplant. 49, 907–912. doi: 10.1038/bmt.2014.63

GroDelta, J. P., Nattenmuller, J., Hemmer, S., Tichy, D., Krzykalla, J., Goldschmidt, H., et al. (2017). Body fat composition as predictive factor for treatment response in patients with newly diagnosed multiple myeloma – subgroup analysis of the prospective GMMG MM5 trial. Oncotarget 8, 68460–68471. doi: 10.18632/oncotarget.19536

Groeneveldt, L., Mein, G., Garrod, R., Jewell, A. P., Van Someren, K., Stephens, R., et al. (2013). A mixed exercise training programme is feasible and safe and may improve quality of life and muscle strength in multiple myeloma survivors. BMC Cancer 13:31. doi: 10.1186/1471-2407-13-31

Guglielmi, V., Nowis, D., Tinelli, M., Malatesta, M., Paoli, L., Marini, M., et al. (2017). Bortezomib-induced muscle toxicity in multiple Myeloma. J. Neuropathol. Exp. Neurol. 76, 620–630. doi: 10.1093/jnen/nlx043

Gupta, A., and Gupta, Y. (2013). Glucocorticoid-induced myopathy: pathophysiology, diagnosis, and treatment. Indian J. Endocrinol. Metab. 17, 913–916. doi: 10.4103/2230-8210.117215

Hung, Y. C., Bauer, J., Horsley, P., Waterhouse, M., Bashford, J., and Isenring, E. (2013). Changes in nutritional status, body composition, quality of life, and physical activity levels of cancer patients undergoing autologous peripheral blood stem cell transplantation. Support Care Cancer 21, 1579–1586. doi: 10.1007/s00520-012-1698-y

Inaba, H., Yang, J., Kaste, S. C., Hartford, C. M., Motosue, M. S., Chemaitilly, W., et al. (2012). Longitudinal changes in body mass and composition in survivors of childhood hematologic malignancies after allogeneic hematopoietic stem-cell transplantation. J. Clin. Oncol. 30, 3991–3997. doi: 10.1200/jco.2011.40.0457

Johnsen, A. T., Tholstrup, D., Petersen, M. A., Pedersen, L., and Groenvold, M. (2009). Health related quality of life in a nationally representative sample of haematological patients. Eur. J. Haematol. 83, 139–148. doi: 10.1111/j.1600-0609.2009.01250.x

Jones, C. J., Rikli, R. E., and Beam, W. C. (1999). A 30-s chair-stand test as a measure of lower body strength in community-residing older adults. Res. Q. Exerc. Sport 70, 113–119. doi: 10.1080/02701367.1999.10608028

Karnofsky, D. A., and Burchenal, J. H. (1949). “The clinical evaluation of chemotherapeutic agents in cancer,” in Evaluation of Chemotherapeutic Agents, ed. C. M. MacLeod (New York, NY: Columbia University Press), 191–205.

Kemmler, W., Bebenek, M., Engelke, K., and von Stengel, S. (2014). Impact of whole-body electromyostimulation on body composition in elderly women at risk for sarcopenia: the training and electrostimulation Trial (TEST-III). Age 36, 395–406. doi: 10.1007/s11357-013-9575-2

Kemmler, W., Weissenfels, A., Teschler, M., Willert, S., Bebenek, M., Shojaa, M., et al. (2017). Whole-body electromyostimulation and protein supplementation favorably affect sarcopenic obesity in community-dwelling older men at risk: the randomized controlled FranSO study. Clin. Interv. Aging 12, 1503–1513. doi: 10.2147/cia.s137987

Kondrup, J., Rasmussen, H. H., Hamberg, O., and Stanga, Z. (2003). Nutritional risk screening (NRS 2002): a new method based on an analysis of controlled clinical trials. Clin. Nutr. 22, 321–336. doi: 10.1016/S0261-5614(02)00214-5

Kuliszkiewicz-Janus, M., Malecki, R., and Mohamed, A. S. (2008). Lipid changes occuring in the course of hematological cancers. Cell. Mol. Biol. Lett. 13, 465–474. doi: 10.2478/s11658-008-0014-9

Lai, J. S., Cella, D., Chang, C. H., Bode, R. K., and Heinemann, A. W. (2003). Item banking to improve, shorten and computerize self-reported fatigue: an illustration of steps to create a core item bank from the FACIT-Fatigue Scale. Qual. Life Res. 12, 485–501. doi: 10.1023/A:1025014509626

Lanic, H., Kraut-Tauzia, J., Modzelewski, R., Clatot, F., Mareschal, S., Picquenot, J. M., et al. (2014). Sarcopenia is an independent prognostic factor in elderly patients with diffuse large B-cell lymphoma treated with immunochemotherapy. Leuk. Lymphoma 55, 817–823. doi: 10.3109/10428194.2013.816421

Lee, J., Dodd, M. J., Dibble, S. L., and Abrams, D. I. (2008). Nausea at the end of adjuvant cancer treatment in relation to exercise during treatment in patients with breast cancer. Oncol. Nurs. Forum 35, 830–835. doi: 10.1188/08.onf.830-835

Lee, S. Y., Lee, Y. J., Yang, J. H., Kim, C. M., and Choi, W. S. (2014). The association between phase angle of bioelectrical impedance analysis and survival time in advanced cancer patients: preliminary study. Korean J. Fam. Med. 35, 251–256. doi: 10.4082/kjfm.2014.35.5.251

Lin, K. T., and Wang, L. H. (2016). New dimension of glucocorticoids in cancer treatment. Steroids 111, 84–88. doi: 10.1016/j.steroids.2016.02.019

Liu, P., Wang, B., Yan, X., Cai, J., and Wang, Y. (2016). Comprehensive evaluation of nutritional status before and after hematopoietic stem cell transplantation in 170 patients with hematological diseases. Chin. J. Cancer Res. 28, 626–633. doi: 10.21147/j.issn.1000-9604.2016.06.09

Liu, R. D., Chinapaw, M. J., Huijgens, P. C., and van Mechelen, W. (2009). Physical exercise interventions in haematological cancer patients, feasible to conduct but effectiveness to be established: a systematic literature review. Cancer Treat. Rev. 35, 185–192. doi: 10.1016/j.ctrv.2008.09.008

Macedo, A. G., Krug, A. L., Souza, L. M., Martuscelli, A. M., Constantino, P. B., Zago, A. S., et al. (2016). Time-course changes of catabolic proteins following muscle atrophy induced by dexamethasone. Steroids 107, 30–36. doi: 10.1016/j.steroids.2015.12.016

Madzima, T. A., Ormsbee, M. J., Schleicher, E. A., Moffatt, R. J., and Panton, L. B. (2017). Effects of resistance training and protein supplementation in breast cancer survivors. Med. Sci. Sports Exerc. 49, 1283–1292. doi: 10.1249/mss.0000000000001250

Mello, M., Tanaka, C., and Dulley, F. L. (2003). Effects of an exercise program on muscle performance in patients undergoing allogeneic bone marrow transplantation. Bone Marrow Transplant. 32, 723–728. doi: 10.1038/sj.bmt.1704227

Miltenyi, Z., Magyari, F., Simon, Z., and Illes, A. (2010). Quality of life and fatigue in Hodgkin’s lymphoma patients. Tumori 96, 594–600. doi: 10.1177/030089161009600413

Morishita, S., Kaida, K., Ikegame, K., Yoshihara, S., Taniguchi, K., Okada, M., et al. (2012a). Impaired physiological function and health-related QOL in patients before hematopoietic stem-cell transplantation. Support Care Cancer 20, 821–829. doi: 10.1007/s00520-011-1156-2

Morishita, S., Kaida, K., Tanaka, T., Itani, Y., Ikegame, K., Okada, M., et al. (2012b). Prevalence of sarcopenia and relevance of body composition, physiological function, fatigue, and health-related quality of life in patients before allogeneic hematopoietic stem cell transplantation. Support Care Cancer 20, 3161–3168. doi: 10.1007/s00520-012-1460-5

Mosher, C. E., Redd, W. H., Rini, C. M., Burkhalter, J. E., and DuHamel, K. N. (2009). Physical, psychological, and social sequelae following hematopoietic stem cell transplantation: a review of the literature. Psychooncology 18, 113–127. doi: 10.1002/pon.1399

Naik, P. P., Ghadge, M. S., and Raste, A. S. (2006). Lipid profile in leukemia and Hodgkin’s disease. Indian J. Clin. Biochem. 21, 100–102. doi: 10.1007/bf02912921

Nanayakkara, G., Kariharan, T., Wang, L., Zhong, J., and Amin, R. (2012). The cardio-protective signaling and mechanisms of adiponectin. Am. J. Cardiovasc. Dis. 2, 253–266.

Oldervoll, L. M., Kaasa, S., Knobel, H., and Loge, J. H. (2003). Exercise reduces fatigue in chronic fatigued Hodgkins disease survivors–results from a pilot study. Eur. J. Cancer 39, 57–63. doi: 10.1016/S0959-8049(02)00483-5

Oldervoll, L. M., Loge, J. H., Lydersen, S., Paltiel, H., Asp, M. B., Nygaard, U. V., et al. (2011). Physical exercise for cancer patients with advanced disease: a randomized controlled trial. Oncologist 16, 1649–1657. doi: 10.1634/theoncologist.2011-0133

Orgel, E., Mueske, N. M., Sposto, R., Gilsanz, V., Freyer, D. R., and Mittelman, S. D. (2016). Limitations of body mass index to assess body composition due to sarcopenic obesity during leukemia therapy. Leuk. Lymphoma 59, 138–145. doi: 10.3109/10428194.2015.1136741

Othus, M., Kantarjian, H., Petersdorf, S., Ravandi, F., Godwin, J., Cortes, J., et al. (2014). Declining rates of treatment-related mortality in patients with newly diagnosed AML given ’intense’ induction regimens: a report from SWOG and MD Anderson. Leukemia 28, 289–292. doi: 10.1038/leu.2013.176

Passos, G. S., Poyares, D. L., Santana, M. G., Tufik, S., and Mello, M. T. (2012). Is exercise an alternative treatment for chronic insomnia? Clinics 67, 653–660.

Peckett, A. J., Wright, D. C., and Riddell, M. C. (2011). The effects of glucocorticoids on adipose tissue lipid metabolism. Metabolism 60, 1500–1510. doi: 10.1016/j.metabol.2011.06.012

Persoon, S., Chin, A. M. J. M., Buffart, L. M., Liu, R. D. K., Wijermans, P., Koene, H. R., et al. (2017a). Randomized controlled trial on the effects of a supervised high intensity exercise program in patients with a hematologic malignancy treated with autologous stem cell transplantation: results from the EXIST study. PLoS One 12:e0181313. doi: 10.1371/journal.pone.0181313

Persoon, S., Kersten, M. J., Buffart, L. M., Vander Slagmolen, G., Baars, J. W., Visser, O., et al. (2017b). Health-related physical fitness in patients with multiple myeloma or lymphoma recently treated with autologous stem cell transplantation. J. Sci. Med. Sport 20, 116–122. doi: 10.1016/j.jsams.2016.01.006

Peters, S. A., Bots, M. L., den Ruijter, H. M., Palmer, M. K., Grobbee, D. E., Crouse, J. R., et al. (2012). Multiple imputation of missing repeated outcome measurements did not add to linear mixed-effects models. J. Clin. Epidemiol. 65, 686–695. doi: 10.1016/j.jclinepi.2011.11.012

 Robert-Koch-Institut (2016). Bericht zum Krebsgeschehen in Deutschland 2016. Berlin: Zentrum für Krebsregisterdaten im Robert Koch-Institut.

Schink, K., Herrmann, H. J., Schwappacher, R., Meyer, J., Orlemann, T., Waldmann, E., et al. (2018). Effects of whole-body electromyostimulation combined with individualized nutritional support on body composition in patients with advanced cancer: a controlled pilot trial. BMC Cancer 18:886. doi: 10.1186/s12885-018-4790-y

Schmidt, K., Vogt, L., Thiel, C., Jager, E., and Banzer, W. (2013). Validity of the six-minute walk test in cancer patients. Int. J. Sports Med. 34, 631–636. doi: 10.1055/s-0032-1323746

Schoenfeld, B. J. (2010). The mechanisms of muscle hypertrophy and their application to resistance training. J. Strength Cond. Res. 24, 2857–2872. doi: 10.1519/JSC.0b013e3181e840f3

Takekiyo, T., Dozono, K., Mitsuishi, T., Murayama, Y., Maeda, A., Nakano, N., et al. (2015). Effect of exercise therapy on muscle mass and physical functioning in patients undergoing allogeneic hematopoietic stem cell transplantation. Support Care Cancer 23, 985–992. doi: 10.1007/s00520-014-2425-7

Tieland, M., Dirks, M. L., van der Zwaluw, N., Verdijk, L. B., van de Rest, O., de Groot, L. C., et al. (2012). Protein supplementation increases muscle mass gain during prolonged resistance-type exercise training in frail elderly people: a randomized, double-blind, placebo-controlled trial. J. Am. Med. Dir. Assoc. 13, 713–719. doi: 10.1016/j.jamda.2012.05.020

Tuchman, S. A., Lane, A., Hornsby, W. E., Bishop, C., Thomas, S., Herndon, J. E., et al. (2015). Quantitative measures of physical functioning after autologous hematopoietic stem cell transplantation in multiple myeloma: a feasibility study. Clin. Lymphoma Myeloma Leuk. 15, 103–109. doi: 10.1016/j.clml.2014.09.002

West, B. T. (2009). Analyzing longitudinal data with the linear mixed models procedure in SPSS. Eval. Health Prof. 32, 207–228. doi: 10.1177/0163278709338554

Willoughby, D. S., Stout, J. R., and Wilborn, C. D. (2007). Effects of resistance training and protein plus amino acid supplementation on muscle anabolism, mass, and strength. Amino Acids 32, 467–477. doi: 10.1007/s00726-006-0398-7

Wiskemann, J., Kuehl, R., Dreger, P., Schwerdtfeger, R., Huber, G., Ulrich, C. M., et al. (2014). Efficacy of exercise training in SCT patients–who benefits most? Bone Marrow Transplant. 49, 443–448. doi: 10.1038/bmt.2013.194

 World Health Organization [WHO] (2000). Obesity: Preventing and Managing the Global Epidemic. WHO Technical Report Series 894. Geneva: World Health Organization.

Xiao, D. Y., Luo, S., O’Brian, K., Sanfilippo, K. M., Ganti, A., Riedell, P., et al. (2016). Longitudinal body composition changes in diffuse large B-cell lymphoma survivors: a retrospective cohort study of United States veterans. J. Natl. Cancer Inst. 108:djw145. doi: 10.1093/jnci/djw145

Yip, C., Dinkel, C., Mahajan, A., Siddique, M., Cook, G. J., and Goh, V. (2015). Imaging body composition in cancer patients: visceral obesity, sarcopenia, and sarcopenic obesity may impact on clinical outcome. Insights Imaging 6, 489–497. doi: 10.1007/s13244-015-0414-0

Conflict of Interest Statement: 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.

Copyright © 2018 Schink, Reljic, Herrmann, Meyer, Mackensen, Neurath and Zopf. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fphys-09-01808-g002.jpg
Skeletal muscle mass [kg]

FFMI [kg/m?]

27

26

254

24+

23

20

baseline week4 week8 week12

19+

18+

17 -

16

baseline week4 week8 week 12

m

Fat mass [%]

FMI [kg/m?]

N N () w w
(o] 0 o N 1
1 1 1 L 1

N
s

-
o

baseline week4 week8 week 12

©
1

oo
1

~
1

baseline week4 week8 week12

Bodyweight [kg]
N
©

—e— WB-EMS
--l-- Control

_—
—'—‘
.

baseline week4 week8 week12

—e— WB-EMS
Control

baseline week4 week8 week 12






OPS/images/fphys-09-01808-g003.jpg
SMM change [kd]

12

10{——— WB-EMS|r= 0.682]

-8

8...... Control |r=-0.609]

0.8 09 10 11 1.2 13 14 15 16 1.7 1.8 1.9
Protein intake [g/kg/d]






OPS/images/cross.jpg
3,

i





OPS/images/fphys-09-01808-t002.jpg
Study group

Control
(n=8)
Mean daily nutrient/caloric
intake [per kg bodyweight]
Carbohydrates (9) 3.4+0.8
Fat (g) 1.4+05
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0.636
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Data are presented in numbers and proportions (%) and as mean =+ standard
deviation. @Dietary data of two patients of the WB-EMS group and one patient
of the control group were unavailable. PCategorical variables were analyzed
by Fisher’s exact test and continuous variables by independent-samples t-test.

WB-EMS, whole-body electromyostimulation.
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Outcome measure Study group n Baseline Week 12 Difference p-Value® p-Value®

Hematological parameters

Leukocytes [x10%/pul) Control 6 4.27 + 3.63 3.86 + 1.86 —0.41+£283 0.739 0.607
WB-EMS 9 4.85+1.44 4.68 £2.23 -0.17 £3.21 0.878

Thrombocytes [x 10%/ul] Control 6 144.3 + 99.5 165.0 + 98.5 10.7 £23.4 0.316 0.902
WB-EMS 9 183.0 +£89.1 196.6 + 85.1 13.6 £ 522 0.458

Erythrocytes [x 10/ Control 6 396065 430£0.75 034:£0.74 0311 0564
WB-EMS 9 3.79 £ 0.50 3.93 +0.44 0.15+0.32 0.206

Hemoglobin [g/dl] Control 6 121+£1.4 183+£22 1.1+23 0.374 0.391
WB-EMS 9 12412 125+1.0 04:£09 0225

Hematocrit [%] Control 6 361 +£4.1 39.0+6.0 29+64 0.312 0.422
‘WB-EMS 9 365+3.8 36.5+29 10+27 0.325

Clinical chemistry

CRP [mg/l] Control 6 37+41 6.1+123 24493 0.600 0.388
‘WB-EMS 9 8.7+5.1 52490 —0.6+10.3 0.892

Alburin [g/] Control 6 403+33 412£40 09449 0676 089
WB-EMS 8 41.0+39 422425 12+30 0.303

Total protein [g/] Control 6 622+ 6.0 640+76 18+6.2 0.5610 0.382
WB-EMS 8 65.5+7.7 64.4 £5.2 -11£567 0.602

Triglycerides [mg/dl] Control 6 1305 + 496 166.8 +58.8 36.3+50.6 0139 0064
WB-EMS 8 179.0 £ 54.5 147.3 £ 46.3 -31.8 +68.7 0.232

LDH [luA) Control 6 183.0+97.2 187.0 + 48.1 4.0£92.0 0.919 0.657
WB-EMS 9 289.0 + 112.2 269.7 + 66.3 —19.3 + 100.4 0.579

Creatinine [mg/dl] Control 6 0.91+0.19 0.95+0.29 0.04 £0.12 0.446 0.916
WB-EMS 9 0.92 +£0.23 0.97 £0.28 0.05+0.10 0.174

TIncludes patients with pre- and post-assessment data. *Paired-samples t-test for parametric or Wilcoxon-signed-rank test for non-parametric values for comparison
of pre- and post-intervention values. Independent-samples t-test for parametric or Mann-Whitney U-test for non-parametric values for comparison of pre- to post-test
changes. Statistical significance is indicated by p < 0.05 and marked in bold type. WB-EMS, whole-body electromyostimulation; CRR, C-reactive protein; LDH, lactate
dehydrogenase.
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Hypertension 4 (44.4 6 (27.9)
Hyperlipidemia (111 3(13.6)
Acute GvHD 0(0.0) 2(9.1)

Laboratory values

Leukocytes [x10%/ul]  3.60 (1.30-11.40)  5.45 (2.10-27.90)

Thrombocytes [x10%/ul] 137.0 (56.0-367.0) 183.5 (26.0-383.0)
Erythrocytes [x108/p] 3.77 (2.93-4.97) 3.77 (2.71-4.85)
Hematocrit [%)] 32.9 (26.9-41.7) 34.1 (27.8-43.3)
Hemoglobin [g/dl] 12.1 (9.2-13.9) 11.8 (8.7-14.3)
Albumin [g/]] 40.6 (35.5-43.6) 39.1 (24.7-46.2)
C-reactive protein [mg/I] 1.9 (0.6-16.7) 3.4 (0.2-82.9)
Creatinine [mg/dl] 0.94 (0.60-1.77) 0.86 (0.61-3.11)
Lactate dehydrogenase 220.0 (48.0-1101.0) 233.5 (103.0-638.0)
187

Triglycerides [mg/dl] 174.0 (61.0-695.0) 187.0(79.0-319.0)

1.000
1.000
0.503
0.195
1.000
1.000
0.417
1.000
1.000

0.016
0.676
0.996
0.607
0.769
0.290
0.749
0.334
0.593

0.377

Data are presented in numbers and proportions (%) and as mean =+ standard
deviation. Laboratory values are expressed as median and range (min to max).
@Baseline comparison between WB-EMS and control group assessed by Pearson’s
chi-squared and Fisher’s exact test, respectively, for categorical variables and
independent-samples t-test, Welch'’s test or Mann-Whitney U-test for continuous
variables. Statistically significant differences are indicated by p < 0.05 and
marked in bold type. 'Numbers of patients for comorbidities and oncological
treatment include also patients with several comorbidities and combined anticancer
therapies. 2WHO categories to determine nutritional status (World Health
Organization [WHQOJ, 2000). WB-EMS, whole-body electromyostimulation; BMI,
body mass index; ECW, extracellular water; ICW, intracellular water; GvHD,
Graft-versus-Host-Disease; HSCT, hematopoietic stem cell transplantation.
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‘Outcome measure Study group n Baseline Week 12 Difference p-Value® p-Value®

Physical function

SMWT distance [m] Control 6 519.6 + 66.7 5121 +£76.7 —7.44387 0.658 0.046
WB-EMS 8 534.1 +£76.0 582.6 + 82.6 48.4 £ 51.5 0.032

STS repetitions Control 5 14230 134421 -08+18 0336 0429
WB-EMS 6 18727 13.5+3.9 -02+17 0.822

Karnofsky-Index Control 6 73.3+10.3 750+5.5 17+75 0.611 0.181
WB-EMS 9 75.6 +15.9 86.7 + 14.1 1.1+£17.6 0.095

Quality of life

FACIT-fatigue scale Control 4 255+ 12.4 36.8+8.8 11.3+6.6 0.042 0.147
WB-EMS 9 36.0+12.5 398+ 11.6 48+7.0 0.075

EORTC QLQ-C30

Functional scales

PF Control 4 63.5+32.7 750+21.9 11.6+18.3 0.299 0.957
WB-EMS 9 66.0 +£20.9 76.8 +23.4 10.8+22.7 0.192

RF Control 4 60.8 +£25.7 50.1 £19.5 -108+18.3 0.570 0.261
WB-EMS 9 49.9 + 30.1 62.9 +20.1 13.0£33.2 0.274

EF Control 4 66.6 + 26.6 62.3+24.8 -4.3+338 0.818 0.710
WB-EMS 9 64.8 +£35.9 71.2+234 6.4+31.3 0.553

CF Control 4 60.4 £25.0 66.9 £ 0.2 6.5+252 0.641 0.833
WB-EMS ] 81.4+£21.1 90.8 + 14.6 9.3+205 0.208

SF Control 4 75.1+93 58.5 + 34.6 —16.6 +£27.3 0.311 0.183
WB-EMS 9 61.0+25.1 630352 20£193 0.764

Symptom scales

Pain Control 4 29.0+20.9 1265+ 154 -16.5+13.5 0.092 0.928
WB-EMS 9 44.4 +40.7 258 +35.3 —18.7 £45.2 0.250

Dyspnea Control 4 415+ 420 415 +420 0.0£0.0 1.000 0.598
WB-EMS 9 36.9+31.0 29.6 +42.3 —7.3+40.1 0.598

Insomnia Control 4 58.3 +50.1 248 +16.5 -33.5+38.7 0.157 0.940
WB-EMS 9 481 £37.8 11.1£236 -37.0+35.2 0.014

Appetite loss Control 4 248 £16.5 16.5 £ 19.1 -83£16.5 0317 0.825
WB-EMS 9 222+29.0 18.4 +£33.8 -3.8+20.0 0.414

Constipation Control 4 333+27.4 33.5+38.7 0.3+476 0.992 0.414
WB-EMS 9 11.1+236 3.7+11.0 —7.4£148 0.180

Diarrhea Control 4 83+ 16.5 0.0+£0.0 -82+16.5 0.317 0.825
WB-EMS 9 11.1+£236 37+11.0 —-7.4+£278 0.414

Financial difficulties Control 4 16.8+ 335 0000 ~168+335 0317 0503
WB-EMS 9 14.8 +24.2 148 +£24.2 00+17.0 1.000

Nausea/vomiting Control 4 16.5 £ 19.1 8.3+ 16.5 -8.3+16.5 0.317 0.710
WB-EMS 9 18.6 +25.7 3.7+11.0 -149+228 0.086

Fatigue Control 4 66.8 £ 24.1 443 £27.4 —225+453 0.394 1.000
WB-EMS 9 46.9 £23.0 36.9 + 35.6 —-10.0+25.8 0.114

Global Health Control 4 458 +£10.7 64.5+ 142 18.8+21.8 0.184 0.448
WB-EMS 9 618240 722+183 1044156 0.080

"Includes patients with pre- and post-assessment data. *Paired-sample t-test for parametric or Wilcoxon-signed-rank test for non-parametric values for comparison of
pre- and post-intervention values. Independent-samples t-test for parametric or Mann-Whitney U-test for non-parametric values for comparison of pre- to post-test
changes. Statistical significance is indlicated by p < 0.05 and marked in bold type. SMWT, 6-min-walking test; STS, 30's sit-to-stand test; PF; physical functioning; RF,
role functioning; EF; emotional functioning; CF, cognitive functioning; SF; social functioning; WB-EMS, whole-body electromyostimulation.
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Estimated effect of WB-EMS intervention compared to controls®

Estimate [95% CI] p-Value  Estimate[95% Cl]  p-Value  Estimate [95% CI] p-Value
Outcome measure Model Week 4 Week 8 Week 12
Anthropometry
Bodyweight [kg] Unadjusted  0.78[~0.83, 2.40] 0.336 0.99[-0.98, 2.95] 0.321 0.85[1.15, 2.85] 0.399
Adjusted®  0.80 [~0.80, 2.41] 0320 1.08[-0.88, 3.03] 0276 094 [~1.04,2.93) 0347
FMI [kg/m?) Unadjusted ~ —0.66 [~1.28, -0.04]  0.039 —0.64(-139,0.10] 0091 ~1.13[-1.89, -0.38]  0.004
Adjusted®  —0.75[-1.42, -0.07]  0.030 —78[-1.57,0.01] 0.054 —1.21[-2.02,-041]  0.004
FFMI [kg/m?] Unadjusted  1.00[0.43, 1.59] 0.001 1.06 [0.35, 1.76] 0.004 1.53 [0.82, 2.25] 0.000
Adjusted®  1.10[0.5, 1.66] 0.000 1.22[0.53, 1.91) 0.001 1.70 [1.01, 2.41] 0.000
Body composition
SMM [kg] Unadjusted ~ 1.21[0.32, 2.10] 0.008 1.49 [0.41,2.57) 0.007 1.51 [0.41, 2.60] 0.008
Adjusted® 1.36 [0.48, 2.24] 0.003 1.75 [0.68, 2.81] 0.002 1.77 [0.68, 2.85] 0.002
FM (%] Unadjusted ~ —2.89[~5.08, —0.70]  0.011 —2.60(-5.25,005] 0054 ~4.46(-7.15,-1.77] 0,001
Adjusted®  ~3.30[-5.59, ~1.01]  0.006 ~3.27(-6.00,053]  0.020 —4.91[-7.68,-2.13] 0,001
PRA ] Unadjusted ~ ~0.09 [.29, 0.12] 0.39% ~0.07[-0.32,0.18) 0572 ~0.15[-0.40, 0.11] 0.256
Adjusted®  -0.10(-0.32,0.13] 0389 -007[-033,020] 0614 ~0.14[-0.41,0.13) 0.204
Hydration (%, ECW: ICW]  Unadjusted 0.8 [~1.51, 3.26] 0.466 1.30 [~1.57, 4.17] 0371 2.95 [0.02, 5.88] 0.049
Adjusted®  0.94 [-1.37, 3.25] 0.419 1.06 [~1.74, 3.86] 0.454 2.93(0.08, 5.78) 0.044

Models were adjusted for age, gender, diagnosis of hematological malignancy and glucocorticoid intake. PData are presented as estimated mean difference between
study groups and 95% confidence intervals [95% Clj. Statistically significant effects are marked in bold type. WB-EMS, whole-body electromyostimulation; FMI, fat mass
index; FFMI, fat free mass index; SMM, skeletal muscle mass, FM, fat mass; PhA, phase angle; ECW, extracellular water; ICW, intracellular water
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