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Abstract

This study investigates the efficacy of and gender differences in exercise therapy in patients with malignant lymphoma undergoi}
chemotherapy. Twenty-six patients (13 men, 13 women) received physical therapy (based on the Borg Scale 13) during
hospitalization. Physical function was measured using grip and knee extension strength, 6-minute walking distance, and body
composition; nutritional status assessed via Mini Nutritional Assessment (MNA®); and serum albumin levels analyzed. Fatigue
was evaluated using the Brief Fatigue Inventory, and health-related quality of life was assessed with the Medical Outcome Study
36-Item Short-Form Health Survey (SF-36v2). The analysis of all patients indicated that the right grip strength, skeletal muscle
mass, skeletal muscle index, and leg muscle mass significantly decreased, whereas the serum albumin level, MNA® score,
and scores of many items of the SF-36v2 significantly increased after chemotherapy. In a gender-specific analysis, only men
showed significant declines in the skeletal muscle mass and skeletal muscle index, and improvement in the MNA® score after
chemotherapy. In the SF-36v2, there were significant improvements in general health and physical component summary scores
among men, and general health and mental component summary scores among women. Exercise therapy at a Borg Scale
intensity of 13 may not prevent muscle mass decline in patients with malignant lymphoma, especially male patients. In addition,
this study revealed that there is a gender difference in the effect of exercise therapy on quality of life. Thus, gender should be
considered in exercise therapy for patients with malignant lymphoma.

Abbreviations: 6MWT = 6-minute walk test, BFI = the Brief Fatigue Inventory, ECOG-PS = Eastern Cooperative Oncology
Group Performance Status, GH = general health, MCS = mental component summary, MH = mental health, MNA® = the Mini
Nutritional Assessment, PCS = physical component summary, QOL = quality of life, SF-36v2 = the Medical Outcome Study
36-Item Short-Form Health Survey, SMI = skeletal muscle mass index, SMM = skeletal muscle mass.
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1. Introduction

Malignant lymphoma is the most common type of hematopoietic
malignancies!! and presents with lymphadenopathy or extralym-
phatic masses. B symptoms such as fever, night sweats, and weight
loss are present in up to one-third of patients. Chemotherapy
is the most common treatment for patients with malignant
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lymphoma, and with the introduction of rituximab since 1997,
the overall survival rate has increased and estimated to be 72%.*-
4 However, chemotherapy is prone to side effects such as severe
blood cell loss, fever, malaise, and anorexia, limiting physical
activity, and decreasing physical and mental function. In a previ-
ous study, many patients with malignant lymphoma who received
chemotherapy reported the appearance of fatigue and decreased
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physical activity and muscle strength.¢! It has been pointed out
that maintaining physical activity during chemotherapy is import-
ant for these patients’ subsequent quality of life (QOL),” thus it
is important to provide them with appropriate rehabilitation to
prevent deterioration of physical function.

The main approach for rehabilitating patients with malignant
lymphoma undergoing chemotherapy is exercise therapy, which
has been reported to improve physical function, QOL, fatigue,
self-efficacy, depressive symptoms, cardiovascular function, and
slow fat body weight.*! On the one hand, exercise therapy is
considered an effective means of preventing disuse syndrome;
on the other hand, in studies on the efficacy of exercise therapy
in rehabilitating patients with malignant lymphoma undergoing
chemotherapy, it is unclear whether the outcomes have been mea-
sured before or after chemotherapy, or whether the preinterven-
tion measurement was performed after the start of chemotherapy.
In most previous studies, the outcome of physical therapy was
measured after the established intervention period (e.g., after 12
weeks of exercise therapy) and not at the end of chemotherapy.
In other words, to rigorously demonstrate the efficacy of exercise
therapy in patients with malignant lymphoma undergoing che-
motherapy, it is important to measure outcomes before and after
chemotherapy. However, to the best of our knowledge, previous
studies have not performed such measurements. Therefore, there
is a need to examine the effects of exercise therapy in patients
with malignant lymphoma undergoing chemotherapy using mea-
surements taken before and after chemotherapy.

We previously reported that in hematopoietic stem cell
transplant recipients, the efficacy of exercise therapy on
health-related QOL depends on gender.' Therefore, there
may also be a sex difference in the efficacy of exercise therapy
in patients with malignant lymphoma undergoing chemother-
apy. However, the effect of exercise therapy on patients with
malignant lymphoma undergoing chemotherapy has not been
analyzed previously.

Therefore, the purpose of this study was to rigorously inves-
tigate the efficacy of exercise therapy in patients with malignant
lymphoma undergoing chemotherapy by measuring outcomes
before and after chemotherapy, and to clarify gender differences
in the efficacy of exercise therapy.

2. Method
2.1. Study design and participants

This prospective observational study was designed to investi-
gate physical function, nutritional status, and QOL before and
after chemotherapy in patients with malignant lymphoma.

From October 2017 to December 2020, 97 patients with malig-
nant lymphoma received inpatient chemotherapy and physical
therapy at Hospital A. Of these, 26 patients who met the following
criteria were included in our study: patients in the first-episode of
the disease and scored <2 in the Eastern Cooperative Oncology
Group Performance Status (ECOG-PS). Exclusion criteria were
as follows: patients with an ECOG-PS of > 3 at admission, had a
history of cerebrovascular disease, had failed to complete chemo-
therapy at discharge, had a recurrence of malignant lymphoma,
had transferred to another hospital, had died, had disagreed to
participate in the study, for whom some of the planned assessment
items could not be measured, and had difficulty in rehabilitation
during hospitalization (Fig. 1). This study was conducted with the
approval of the Ethical Review Committee of the Kita-Fukushima
Medical Center (Approval No. 74), and written informed consent
was obtained from all participants.

2.2. Chemotherapy

Most patients received regimens of rituximab, cyclophospha-
mide, doxorubicin, vincristine, and prednisolone (R-CHOP). 124l
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Patients treated with R-CHOP received rituximab at 375 mg/
m? of the body on day 1, cyclophosphamide at 750 mg/m? and
doxorubicin at 50 mg/m? of the body on day 2, vincristine at
1.4 mg/m? of the body up to a maximum dose of 2 mg/m? of the
body on day 2, and prednisone at 40 mg/m? of the body per day
for 5 days. They were treated every 3 weeks for 6 or 8 cycles of
CHOP.

2.3. Physical therapy intervention

All subjects underwent physical therapy with a focus on mus-
cle-strengthening and aerobic exercises. Muscle-strengthening
exercises for the lower limbs consisted of closed kinetic chains
such as squats and calf raises, dead weights, and manual resis-
tance by a physical therapist, while those for the upper limbs
consisted of exercises with dead weights and body weight.
Aerobic exercises included riding a bicycle ergometer and walk-
ing. Exercises were performed 6 days per week for 20 minutes
per day. The intensity of exercise was “somewhat hard,” that
is, equivalent to a Borg Scale intensity of 13, which has been
widely used in previous studies!'>'® on exercise therapy for can-
cer patients after surgery or during chemotherapy. The decision
whether or not to provide physical therapy during chemother-
apy-induced bone marrow suppression was made according
to the “Cancer Rehabilitation Discontinuation Criteria”.!!
Additionally, if the physician judged that it was feasible to
continue physical therapy even if the patient’s blood cell count
was below the standard value, we acted in consideration of the
patients’ physical condition. Specifically, when the white blood
cell count was less than 2000/pL, the physical therapy was per-
formed not in the rehabilitation room, but in the ward or hospi-
tal room, to prevent infection. When the platelet count was less
than 30,000/pL, the exercise program was performed accord-
ing to the platelet count.>”! When the hemoglobin level was less
than 8g/dl and the physician judged that a blood transfusion
was necessary, physical therapy was performed after the trans-
fusion was completed.

2.4. Measurements and measurement schedule

Pre-chemotherapy evaluations were performed one day before
the first inpatient chemotherapy session, and the post-chemo-
therapy evaluations were performed after completing the sched-
uled inpatient chemotherapy session and just before discharge.

Inpatients with malignant lymphoma who received chemotherapy
and physiotherapy from October 2017 to December 2020 n= 97

Exclusion criteria

+ ECOG Performance Status : 3,4 n=7

* Recurrence n=11

* Unfinished chemotherapy n=3

+ Discharge (shift to outpatient treatment) n=14
* Transferred to another hospital n=1

* Disagreed n=2

* Death n=7

* Missing data n=20

* Others n=6

A 4

Study subjects n=26

Figure 1. Study subject flow chart. ECOG = Eastern Cooperative Oncology
Group.
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2.4.1. Attributes of the participants. Data on the following
participant attributes were collected: age, gender, weight,
body mass index, ECOG-PS at admission, type of malignant
lymphoma, type of chemotherapy, number of chemotherapy
cycles, and total hospitalization days. Additionally, the numbers
of days that physical therapy was scheduled, performed, and
discontinued (for various reasons) were also collected. The
percentage of physical therapy performed was calculated by
dividing the number of days that physical therapy was performed
by the scheduled days of physical therapy and multiplying this
by 100.

2.4.2. Physical function measurements. To measure physical
functions, we measured muscle strength (grip and knee
extensor strength) and performed 6-minute walk tests (6MWT)
according to the standards of the American Thoracic Society.?!!
Measurements for 6MWT included the distance traveled, heart
rate, dyspnea, fatigue, and transcutaneous arterial oxygenation.
If patients experienced symptoms such as dyspnea or lower
extremity pain, they were allowed to rest as needed, resume
if they could, or terminate the session if they were unable to
continue. We also measured skeletal muscle mass (SMM),
skeletal muscle mass index (SMI), and limb/trunk region-specific
skeletal muscle mass, all of which are associated with physical
function, nutritional status, physical activity, self-efficacy, and life
expectancy in patients with hematologic tumors for which they
are undergoing chemotherapy?? and hematopoietic stem cell
transplantation.?! SMM, SMI, and limb/trunk region-specific
skeletal muscle mass were measured using a body composition
analyzer (InBody S10, InBody Japan, Tokyo, Japan).

2.4.3. Nutritional measurements. Nutritional status was
assessed by the Mini Nutritional Assessment (MNA®) test and
serum albumin level measurements. MNA® is a nutritional
assessment tool for the elderly that consists of 18 questions
addressing dietary intake, weight change, physical function,
body mass index, anthropometric data, stress due to diseases,
and views on health. The MNA® has been used to assess various
types of cancer patients and has been reported to be predictive
of survival rate, cancer progression, and health-related QOL.1>*
Each item of the MNA® is scored from 0 to 3 points, and a total
score of <17 points indicates “low nutritional status”; 17 to
23.5 points indicates “possible low nutritional status”; and 24
to 30 points indicates “good nutritional status.” Serum albumin
levels were measured at the first chemotherapy session and at
the end of the last chemotherapy session.

2.4.4. Fatigue measurement. The Brief Fatigue Inventory
(BFI) is a simple questionnaire for assessing fatigue in patients
with cancer and hematopoietic tumors.?! It consists of nine
questions that seek to gage the intensity of fatigue in the “past
24 hours” and its interference with daily life. The BFI classifies
patient fatigue into three categories: mild (1-3), moderate (4-6),
and severe (7-10). The higher the average score, the higher the
severity of the disease.

2.4.5. Health-related QOL. Health-related QOL was assessed
using the Medical Outcome Study 36-Item Short-Form Health
Survey (SF-36v2),26281 3 questionnaire that has been used to
examine patients undergoing chemotherapy for various types
of cancer and those who have undergone hematopoietic stem
cell transplantation.®331 The SF-36v2 consists of multiple
questions designed to measure eight health concepts: physical
functioning, daily role functioning (physical), body pain, general
health (GH), vitality, social functioning, daily role functioning
(mental), and mental health (MH). A higher score indicated a
better the QOL. We also calculated three QOL factor summary
scores from the scores of the aforementioned eight subscales:
physical component summary (PCS), mental component
summary (MCS), and roll/social component summary, as per
Suzukamo et al.l?®!
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2.5. Statistical analysis

The subjects’ demographics and physical therapy status were
compared by gender using the unpaired # test and Fisher’s exact
test. The changes in physical function, nutritional status, fatigue,
and health-related QOL before and after chemotherapy were
compared using the correspondence ¢ test, Wilcoxon’s signed
rank sum test, and Fisher’s exact probability test. Additionally,
gender-based comparisons and two-way analysis of variance
were performed to examine differences by gender. Statistical
software used was IBM SPSS Statistics (Version 27.0; IBM
Corporation, Armonk, NY) at a significance level of <5%.

3. Results

Table 1 shows the attributes of the subjects in this study. The
average age of all subjects was 71.1 = 7.8 years, and 13 (50.0%)
subjects were male. Moreover, 20 (76.9%), 5 (19.2%), and
1 (3.8%) of the subjects had ECOG-PS scores of 0, 1, and 2,
respectively. The most common type of malignant lymphoma
was diffuse large B-cell lymphoma, which afflicted 18 patients
(69.2%). The average number of chemotherapy cycles was
6.7 = 1.3, and the average number of total hospitalization days
was 115.3 = 26.9. The average number of days for which phys-
ical therapy was scheduled and performed was 74.8 = 20.8 and
72.0 = 21.3, respectively. The average percentage of physical
therapy performed was 95.5 + 4.6%. When comparing back-
ground attributes by gender, men were significantly heavier
than women (P < .01), but there were no significant differences
between the two groups in any other attribute.

Physical function, serum albumin levels, and MNA® scores
before and after chemotherapy are shown in Table 2. In all
subjects, the right grip strength, SMM, SMI, and right and left
leg muscle masses after chemotherapy were significantly lower
than values before chemotherapy (P < .05); other physical func-
tions did not differ significantly before and after chemotherapy.
Comparisons of male and female physical functions showed
that SMM, SMI, and right leg muscle mass were significantly
lower in males after chemotherapy (P <.05). Female subjects
showed no significant difference in physical functions before
and after chemotherapy. A comparison of nutritional status
before and after chemotherapy in all subjects showed no sig-
nificant difference in severity classification, but serum albumin
levels and MNA® scores increased significantly after chemo-
therapy (P < .05). Nutritional status comparisons of males and
females before and after chemotherapy show that the MNA®
scores of only the males increased significantly (P <.05) after
chemotherapy.

A comparison of BFI and SF-36v2 scores before and after
chemotherapy (Table 3) show that the BFI score of all subjects,
as well as male and female, did not differ significantly before
and after chemotherapy. In the SF-36v2 questionnaire, GH,
MH, PCS, and MCS significantly increased after chemotherapy
compared to before chemotherapy (P < .05). By gender, GH and
PCS increased significantly after chemotherapy in men, and GH
and MCS increased significantly in women compared to before
chemotherapy (P <.05).

4. Discussion

A comparison of all subjects undergoing physical therapy before
and after chemotherapy show that right hand grip strength,
SMM, and SMI significantly decreased, while nutritional status
significantly increased after chemotherapy. By gender, only men
showed similar results. Additionally, the QOL, GH, MH, PCS,
and MCS of all subjects increased significantly after chemother-
apy, and PCS and MCS increased significantly among male and
female subjects, respectively.

Previous studies have reported that physical functions such
as grip strength and knee extension muscle strength decrease



Jinbo et al. e Medicine (2023) 102:6

Medicine

Demographic and clinical characteristics data of patients with Malignant lymphoma.

Characteristics Total (n = 26) Men (n=13) Women (n =13) P
Age, yr 711+78 73.0+9.0 69.2 +6.2 .23
Sex, n (%)
Male 13 (50.0)
Female 13(50.0)
Body weight, kg 56.5+9.8 61.9+6.7 51.1+96 <.01
BMI, kg/m? 228+33 23227 224 +40 .57
ECOG-PS at admission, n (%)
ECOG-PS 0 20 (76.9) 9(69.2) 11 (84.6) .65
ECOG-PS 1 5(19.2) 3(23.1) 2(15.4)
ECOG-PS 2 1(3.8) 1(7.7) 0(0.0)
Malignant lymphoma type, n (%)
DLBCL 19(73.1) 8(61.5) 11 (84.6) .21
FL 3(11.5 3(23.1 0(0.0)
MCL 1(3.8) 1(7.7) 0(0.0)
NMZBCL 1(3.8) 0(0.0) 1(7.7)
PTCL 2(8.0) 1(7.7) 1(7.7)
Chemotherapy type, n (%)
R-CHOP 19 (73.1) 7(53.8) 12 (92.3) .09
R-CHOP + other 2(7.7) 2(15.4) 0(0.0)
Other than R-CHOP 5(19.2) 4(30.8) 1(7.7)
Chemotherapy cycles, counts 6.7+1.3 6.6+1.3 6.8+1.3 .65
Total hospitalization days, d 115.3+26.9 116.2 + 33.0 1145+204 .88
Physical therapy
Scheduled days, d 748 +20.8 737254 76.0 +15.8 .78
Performed days, d 720+21.3 715+ 26.1 725+16.2 91
Discontinued days, d 32+32 28+33 35+32 .59
The percentage of performed, % 95.5+4.6 95.8 +5.1 95.2+43 73
Mean + SD.

BMI = body mass index, DLBCL = diffuse large B-cell ymphoma, ECOG-PS = Eastern Cooperative Oncology Group Performance Status, FL = follicular lymphoma, MCL = mantle cell lymphoma, NMZBCL =
nodal marginal zone B-cell lymphoma, PCL-NOS = peripheral T-cell ymphoma, not otherwise specified, R-CHOP = rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone, SD = standard

deviation.

Physical function, muscle mass, serum albumin, and MNA® before and after chemotherapy.

Total (n = 26) Men (n =13) Women (n =13) Gender Interaction
Variables Before After P Before After P Before After P P
Rt Handgrip (%) 419+105 394+86 <05 476+94 44453 17 363+85 344+84 .08 58
Lt Handgrip (%) 372+11.0 36.2+80 .51 440+74 40.7 +4.5 .20 30.3+9.8 31.8+83 .26 10
Rt Knee ext (%) 412+108 418+88 .74 420+130 411+100 .78 403+85 425+77 34 43
Lt Knee ext (%) 40.7 £94 416+85 60 409+79 415+76 .84 404+110 418+96 .62 82
B6MWT (m) 4386 +869 4625+773 .18 4285+873 468.6+81.6 .21 448.6+889 4563+754 .22 37
SMM (kg) 215+43 205+43 <01 25029 236+36 <05 180+19 174+18 19 27
SMI (kg/m?) 6.5+1.1 61+10 <05 73+09 6.8+09 <05 58=+x06 55+07 .18 .30
Rt Arm muscle mass (kg) 20+0.6 1.9+06 .34 24+04 24+04 .92 16+04 15+03 .20 28
Lt Arm muscle mass (kg) 19+06 19+06 A1 23+04 23+04 .65 1504 14+03 48 91
Trunk muscle mass (kg) 17.3+35 171 +3.6 .33 199+24 199+25 91 147+23 143+19 .23 42
Rt Leg muscle mass (kg) 6.3+1.6 58+14 <05 75+12 6.7+12 <05 51+07 48+07 14 25
Lt Leg muscle mass (kg) 6.2+16 58+14 <05 75+11 6.8+1.1 .05 49+0.8 4.7 +0.7 .33 21
Serum albumin (g/dL) 39+04 41+02 <01 3905 41+0.2 12 40+04 42+02 .08 .84
MNA®
Total Assessment score (points)  21.1 4.5 23128 212+55 24327 <05 211+34 21824 50 18
Severity (n, %)

Normal (>24 point) 8(30.8) 11(42.3) <05 5(38.5) 8(61.5) .08 3(23.1) 3(23.1) 53

At risk (17—23.5 points) 16 (61.5) 15 (57.7) 40 6 (46.2) 5(38.5) 10 (76.9) 10 (76.9)

Malnourished (<17 points) 2(7.7) 0(0.0) 2(15.4) 0(0.0) 0(0.0) 0(0.0)

Mean + SD or Median (25%—75% tile).

6MWT = 6-minute walk test, Knee ext = knee extension, Lt = left, MNA® = Mini Nutritional Assessment, Rt = right, SD = standard deviation, SMI = Skeletal Muscle Mass Index, SMM = Skeletal Muscle

Mass.

after chemotherapy in patients with malignant lymphoma.®' In
this study, we examined the effectiveness of exercise therapy
in rehabilitating patients with malignant lymphoma undergo-
ing chemotherapy by comparing the results of various tests
performed before and after chemotherapy. Tests for physical

functions showed that although right grip strength decreased
after chemotherapy, other physical functions (left grip strength,
bilateral knee extension strength, and 6MWT) were main-
tained, suggesting that exercise therapy is effective in prevent-
ing a decrease in physical functions during chemotherapy.
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suggesting the need for a psychological intervention through
physical therapy during chemotherapy. These results are con-
sistent with our findings in patients with malignant lymphoma,
suggesting that exercise therapy during chemotherapy needs to
address the psychological and physical well-being of male and
female patients, respectively.

Our study has two major limitations. First, the sample size
was small because many patients did not meet the eligibility cri-
teria. In particular, many subjects dropped out due to missing
data, and the main reason for this was difficulty in conducting
the assessments related to this study in a timely manner due to
medical treatment and testing, and the response to COVID-19.
In addition, there were many dropouts because of discharge due
to return to work (shift to outpatient treatment). Second, we
were unable to observe physical activity outside of exercise ther-
apy in detail; therefore, the causal relationship between physical
activity and physical function was not accurately captured.

The highlight of the current study is that we demonstrated
that 20 minutes of daily exercise at a Borg Scale intensity of
13 may not prevent muscle mass decline in male patients with
malignant lymphoma. In addition, this study revealed that there
is a gender difference in the QOL improvement effect of exer-
cise therapy, and that physical QOL tends to improve in male
patients and mental QOL tends to improve in female patients.
This study provides a new perspective for rehabilitation on gen-
der differences in response to exercise therapy, a subject that
has never been systematically examined before. In the future, it
will be necessary to determine the specific intensity of exercise
that can result in improved muscular strength and endurance
in patients with malignant lymphoma. Moreover, our results
indicate the need for comprehensive intervention that includes
psychological approach for men and appropriate exercises to
enhance the physical well-being of women.
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