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INTRODUCTION

In patients undergoing hematopoietic stem cell transplan-
tation (HSCT), pre-transplantation obesity is associated with 
an increased risk of graft-versus-host disease, non-recur-
rence mortality, and decreased overall survival.1,2) For cord 
blood transplantation (CBT), the patient’s body weight and 
human leukocyte antigen (HLA) compatibility are important 
in determining the selection of cord blood units containing 
a target number of CD34-positive cells and total nucleated 
cells. Although it is important to optimize the weight of 
patients at the time of transplantation, weight loss programs 
for obese patients scheduled for CBT have not been reported 
and their feasibility remains unclear. We herein present the 

case of a severely obese hospitalized patient who success-
fully underwent CBT following a weight loss program that 
combined diet and exercise.

CASE

A 57-year-old woman presented with headache, sore 
throat, and malaise. She was referred to the hematology 
department of our hospital because of leukocytosis, anemia, 
and thrombocytopenia. Laboratory data showed a white 
blood cell (WBC) count of 17,710/µl, a hemoglobin count 
of 7.2 g/dl, and a platelet count of 26,000/µl. Bone marrow 
examination revealed hypercellular marrow with 89.8% 
myeloblasts. The patient was diagnosed with acute myeloid 
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Background: A severely obese woman (39.8 kg/m2) with relapsed acute myeloid leukemia was 
admitted to our hospital to undergo salvage chemotherapy followed by cord blood transplantation 
(CBT). Case: During the salvage chemotherapy period, a 70-day weight loss program addressing 
diet and exercise was administered. After the 70-day intervention, the patient’s body weight and 
body fat mass had decreased (8.6% and 15.0%, respectively) without any adverse events. The 
number of available cord blood units with total nucleated cells per body weight greater than 2 
× 107/kg was zero at admission and two after weight loss; therefore, CBT could be performed. 
Discussion: Considering this case, we suggest that a weight loss program combining exercise 
and nutrition therapy may help patients scheduled for hematopoietic stem cell transplantation by 
focusing on risk management.
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leukemia (AML) (FAB classification M1 due to the absence 
of disease-specific chromosomal or genetic abnormalities). 
Complete remission was achieved after induction therapy 
with idarubicin and cytarabine, and complete remission 
was maintained by four courses of consolidation therapy. 
Two years later, pancytopenia was noted, and bone marrow 
examination found an increase in the number of blasts with 
bone marrow hypoplasia with a nucleated cell count of 1.5 × 
104/μl. The patient was diagnosed with relapsed AML and 
readmitted for salvage chemotherapy.

The patient had no relatives who were potential donors 
for HSCT, so she was scheduled to start unrelated donor 
coordination in parallel with salvage chemotherapy. Re-
habilitation was also started for the purpose of weight loss 
and to improve physical function before HSCT. At the time 
of admission, the patient was 156.4 cm tall and weighed 
97.4 kg (severe obesity; body mass index 39.8 kg/m2). The 
patient was independent in activities of daily living with an 
Eastern Cooperative Oncology Group Performance Status of 
0; however, she did not engage in any routine exercise. The 
patient gave written informed consent for the publication of 
this case report.

METHODS

Physical Therapy Intervention
Based on the Guidelines for the Management of Obesity 

Disease 2016,3) exercise therapy involves four factors: (1) 
frequency: ideally almost every day, more than 5 days per 
week; (2) intensity: initially low to medium intensity; (3) 
duration: 30–60 min per day, 150–300 min per week; and 
(4) activities: mainly aerobic exercise, resistance exercise, 
stretching, and various conditioning exercises. During reha-
bilitation, the current patient exercised for 20–40 min, one 
to three times per day (20–100 min total), 6 days per week.

In cancer patients, the exercise intensity is generally based 
on a Borg Scale of Perceived Exertion rating of 13 (somewhat 
hard).4–6) However, taking into consideration the current 
patient’s physical condition, blood pressure, and pulse each 
day, an intensity up to Borg 17 (very hard) was allowed. The 
exercises included aerobic training, such as walking and 
bicycling, and resistance exercise. During the cytopenia 
phase after chemotherapy, there were times when the blood 
test results were lower than the “criteria for discontinuing re-
habilitation in cancer patients”7,8); however, exercise therapy 
was continued after further evaluation of the patient’s physi-
cal condition. As a countermeasure against infection, if the 
patient’s WBC count was 2000/μl or less, the same exercises 

were performed in the ward.

Diet Therapy Intervention
Basal energy expenditure (BEE) was calculated using the 

Harris–Benedict equation, and the total energy expenditure 
was calculated by multiplying the BEE by the activity factor 
and stress factor. The calory intake of meals was 1700 kcal 
on day 1, and this was decreased to 1500 kcal on day 4 and 
thereafter.

Assessment
Physical function assessment included muscle strength 

(grip strength and knee extensor strength), exercise capac-
ity, body weight, and body composition. Handgrip strength, 
as an index of upper limb strength, was measured using a 
standard adjustable-handle dynamometer (TAKEI Scientific 
Instruments; GRIP D). Knee extensor strength, as an index 
of lower limb strength, was measured using hand-held dyna-
mometers (ANIMA; μ-tas F1). The knee extension force was 
tested with the patient sitting with the knee flexed at approxi-
mately 90°. The dynamometer was applied proximal to the 
malleoli. For both measurements, the values were divided by 
the bodyweight to calculate the bodyweight ratios. Exercise 
capacity was measured using the 6-minute walk test. Assess-
ments were performed at the time of admission (day 0) and 
at discharge (day 70). For bodyweight and body composition 
(body fat mass and skeletal muscle mass), the rate of decrease 
from admission (day 0) to discharge (day 70) was calculated 
using a body composition analyzer (In Body; In Body S10). 
Measurements were performed once a week, and feedback to 
the patient was provided frequently. Activities of daily living 
(ADL) were assessed using the Barthel Index. 

RESULTS

Adherence to exercise therapy was 95.2% (59/62 sessions). 
The reasons for discontinuation were low back pain (once), 
headache (once), and fever (once). No adverse events result-
ing from exercise therapy were observed during or after 
exercise. The average number of exercises per day was 2.0 ± 
0.5 (mean ± standard deviation). The average exercise dura-
tion was 60.0 ± 21.7 min per day and 413.3 ± 52.9 min per 
week.

Table 1 shows the results of the patient’s physical function 
and ADL assessments. Muscle strength, exercise capacity, 
and the Barthel Index were unchanged from the time of 
admission to discharge. Figure 1 shows the changes in body 
weight, body fat mass, and skeletal muscle mass from admis-
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sion to discharge. The patient’s body weight was 97.4 kg at 
admission and 89.0 kg at discharge, which was a decrease of 
8.6%. The patient’s body fat mass decreased by 15.0%, from 
49.7 kg at admission to 42.4 kg at discharge. The skeletal 
muscle mass was mostly maintained (26.3 kg at admission 
to 25.5 kg at discharge). At discharge, the physical therapist 
instructed the patient to perform a home-based exercise 
program that included walking and bodyweight training for 
30–40 min per session (150 min per week). Furthermore, the 
patient participated in outpatient rehabilitation for 60–90 
min a day, three days per week.

When the patient was admitted, no cord blood unit with a 
sufficient number of total nucleated cells was found, but after 
bodyweight reduction, two compatible cord blood units were 
available in the cord blood bank. The patient’s body weight 

just before transplantation had further reduced to 85.0 kg, 
and the number of compatible cord blood units had increased 
to four; she was therefore able to undergo CBT.

DISCUSSION

By participating in a bodyweight loss program, the cur-
rent severely obese patient with relapsed AML was able 
to effectively reduce her weight in a short period of time 
without any adverse events. As a result, suitable cord blood 
units with a sufficient number of mononuclear cells could be 
found in the cord blood bank. Exercise therapy for patients 
with blood cancer requires careful calculation of exercise 
intensity with consideration of nausea and malaise caused 
by chemotherapy and the risk of infection and bleeding as a 
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Table 1.  Physical function at admission and discharge

Admission (day 0) Discharge (day 70)
Grip strength
  Right 33.4 kg (34.2%) 32.8 kg (36.8%)
  Left 28.6 kg (29.3%) 27.4 kg (30.7%)
Knee extensor strength
  Right 34.4 kg (35.3%) 32.9 kg (36.9%)
  Left 35.0 kg (35.9%) 32.7 kg (36.7%)
Six-minute walk test 490 m 512 m
Barthel Index 100 points 100 points
Numbers in parentheses show the bodyweight ratio.

Fig. 1.  Changes in body composition from admission to discharge.
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result of severe cytopenia.
Moderate-intensity physical activity of >250 min per week 

is reportedly associated with clinically significant weight 
loss.9) In weight loss programs for patients with blood cancer, 
it is important to set the exercise intensity as high as possible 
while still ensuring safety. Lønbro et al.10) reported that exer-
cise therapy at a Borg Scale rating of 14–18 for patients with 
cancer (mainly breast cancer) undergoing chemotherapy 
resulted in no adverse events. A Borg scale rating of 10–13 
has been used previously in patients undergoing HSCT.11–13) 
Wiskemann et al.14) reported exercise therapy at a Borg Scale 
rating of 12–16 in patients who underwent allogeneic HSCT. 
They observed a high compliance rate and improvements in 
cancer-related fatigue, physical function, pain levels, and 
emotional state. While monitoring vital signs and blood test 
values, we provided exercise therapy up to a Borg Scale rat-
ing of 17 to a patient in need of weight loss. At this intensity 
level, effective weight loss could be achieved without adverse 
events. A combination of resistance training with aerobic 
training is most effective for body weight and fat loss, re-
sulting in greater lean body mass.9) In the current patient, 
the combined use of aerobic exercise and resistance training 
resulted in a minimal loss of skeletal muscle mass while 
maintaining physical function.

Rehabilitation for patients undergoing HSCT is generally 
aimed at preventing the deterioration of physical function and 
improving the quality of life.15) A recent study16) reported the 
feasibility and safety of combined exercise training and nu-
tritional support before HSCT in patients with hematologic 
malignancies. The present case suggested that combined 
exercise training and nutritional support aimed at weight 
loss could be feasible and safe in patients with hematologic 
malignancies. Weight loss in patients with obesity undergo-
ing HSCT may lead to an increase in the number of available 
units of compatible cord blood, as occurred in the current 
case, and is considered to be an important factor for improv-
ing prognosis. Our patient experienced a second period of 
complete remission after CBT, but the association between 
transplant results and weight loss is unclear. Further consid-
eration will be needed to determine whether this weight loss 
program can be applied in other patients and to investigate its 
effects on transplantation results.

CONFLICTS OF INTEREST

The authors declare that there are no conflicts of interest 
with any individuals or companies.

REFERENCES

	 1.	 Nakao M, Chihara D, Niimi A, Ueda R, Tanaka H, 
Morishima Y, Matsuo K: Impact of being overweight 
on outcomes of hematopoietic SCT: a meta-analysis. 
Bone Marrow Transplant 2014;49:66–72. DOI:10.1038/
bmt.2013.128, PMID:23955636

	 2.	 Fuji S, Takano K, Mori T, Eto T, Taniguchi, Ohashi K, 
Sakamaki H, Morishima Y, Kato K, Miyamura K, Su-
zuki R, Fukuda T: Impact of pretransplant body mass 
index on the clinical outcome after allogeneic hemato-
poietic SCT. Bone Marrow Transplant 2014;49:1505–
1512. DOI:10.1038/bmt.2014.178, PMID:25111511

	 3.	 Japan Society for the Study of Obesity: Guidelines for 
the management of obesity disease 2016 [in Japanese]. 
Japan Lifescience Publishers, Tokyo, 2016; 38–53.

	 4.	 van Waart H, Stuiver MM, van Harten WH, Geleijn E, 
Kieffer JM, Buffart LM, de Maaker-Berkhof M, Boven 
E, Schrama J, Geenen MM, Meerum Terwogt JM, 
van Bochove A, Lustig V, van den Heiligenberg SM, 
Smorenburg CH, Hellendoorn-van Vreeswijk JA, Son-
ke GS, Aaronson NK: Effect of low-intensity physical 
activity and moderate- to high-intensity physical exer-
cise during adjuvant chemotherapy on physical fitness, 
fatigue, and chemotherapy completion rates: results 
of the PACES randomized clinical trial. J Clin Oncol 
2015;33:1918–1927. DOI:10.1200/JCO.2014.59.1081, 
PMID:25918291

	 5.	 Daley AJ, Crank H, Saxton JM, Mutrie N, Coleman 
R, Roalfe A: Randomized trial of exercise therapy 
in women treated for breast cancer. J Clin Oncol 
2007;25:1713–1721. DOI:10.1200/JCO.2006.09.5083, 
PMID:17470863

	 6.	 Galvão DA, Taaffe DR, Spry N, Joseph D, Newton RU: 
Combined resistance and aerobic exercise program 
reverses muscle loss in men undergoing androgen 
suppression therapy for prostate cancer without bone 
metastases: a randomized controlled trial. J Clin Oncol 
2010;28:340–347. DOI:10.1200/JCO.2009.23.2488, 
PMID:19949016

	 7.	 Gerber LH, Valgo M: Rehabilitation for patients with 
cancer diagnoses. In: Delisa JA, Gans BM, Bockenek 
WL, editors. Rehabilitation Medicine: Principles and 
Practice. 3rd ed. Philadelphia: Lippincott-Raven Pub-
lisher; 1998. pp.1293–1317.

	 8.	 Tsuji T, Kimura A: Oncological rehabilitation – 
overview [in Japanese]. Jpn Sogo Rihabiriteshon. 
2003;31:753–760.

4 Kasahara R, et al: Weight Loss Program before Cord Blood Transplantation

https://doi.org/10.1038/bmt.2013.128
https://doi.org/10.1038/bmt.2013.128
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23955636?dopt=Abstract
https://doi.org/10.1038/bmt.2014.178
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25111511?dopt=Abstract
https://doi.org/10.1200/JCO.2014.59.1081
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25918291?dopt=Abstract
https://doi.org/10.1200/JCO.2006.09.5083
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17470863?dopt=Abstract
https://doi.org/10.1200/JCO.2009.23.2488
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19949016?dopt=Abstract


Copyright © 2021 The Japanese Association of Rehabilitation Medicine

	 9.	 Donnelly J, Blair SN, Jakicic JM, Manore MM, Rankin 
JW, Smith BK, American College of Sports Medicine: 
American College of Sports Medicine Position Stand. 
Appropriate physical activity intervention strategies for 
weight loss and prevention of weight regain for adults. 
Med Sci Sports Exerc 2009;41:459–471. DOI:10.1249/
MSS.0b013e3181949333, PMID:19127177

	 10.	 Lønbro S, Farup J, Bentsen S, Voss T, Rittig N, Wang 
J, Ørskov M, Højris I, Mikkelsen UR: Lean body mass, 
muscle fibre size and muscle function in cancer patients 
during chemotherapy and 10 weeks exercise. JCSM 
Clin Rep 2017;2:1–15. DOI:10.17987/jcsm-cr.v2i1.26

	 11.	 Hacker ED, Collins E, Park C, Peters T, Patel P, Ron-
delli D: Strength training to enhance early recovery af-
ter hematopoietic stem cell transplantation. Biol Blood 
Marrow Transplant 2017;23:659–669. DOI:10.1016/j.
bbmt.2016.12.637, PMID:28042020

	 12.	 Ishikawa A, Tsuji T: The impact of rehabilitation on 
patients undergoing hematopoietic stem cell trans-
plantation [in Japanese]. J Hematop Cell Transplant 
2016;5:107–117.

	 13.	 Jarden M, Baadsgaard MT, Hovgaard DJ, Boesen 
E, Adamsen L: A randomized trial on the effect of a 
multimodal intervention on physical capacity, func-
tional performance and quality of life in adult patients 
undergoing allogeneic SCT. Bone Marrow Trans-
plant 2009;43:725–737. DOI:10.1038/bmt.2009.27, 
PMID:19234513

	 14.	 Wiskemann J, Dreger P, Schwerdtfeger R, Bondong 
A, Huber G, Kleindienst N, Ulrich CM, Bohus M: 
Effects of a partly self-administered exercise program 
before, during, and after allogeneic stem cell trans-
plantation. Blood 2011;117:2604–2613. DOI:10.1182/
blood-2010-09-306308, PMID:21190995

	 15.	 Morishita S, Tsubaki A, Hotta K, Fu J, Fuji S: The 
benefit of exercise in patients who undergo allogeneic 
hematopoietic stem cell transplantation. J Int Soc Phys 
Rehabil Med 2019;2:54–61. DOI:10.4103/jisprm.jis-
prm_2_19, PMID:31131374

	 16.	 Rupnik E, Skerget M, Sever M, Zupan IP, Ogrinec 
M, Ursic B, Kos N, Cernelc P, Zver S: Feasibility and 
safety of exercise training and nutritional support 
prior to haematopoietic stem cell transplantation in 
patients with haematologic malignancies. BMC Cancer 
2020;20:1142–1150. DOI:10.1186/s12885-020-07637-z, 
PMID:33234112

Prog. Rehabil. Med. 2021; Vol.6, 20210018 5

https://doi.org/10.1249/MSS.0b013e3181949333
https://doi.org/10.1249/MSS.0b013e3181949333
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19127177?dopt=Abstract
https://doi.org/10.17987/jcsm-cr.v2i1.26
https://doi.org/10.1016/j.bbmt.2016.12.637
https://doi.org/10.1016/j.bbmt.2016.12.637
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28042020?dopt=Abstract
https://doi.org/10.1038/bmt.2009.27
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19234513?dopt=Abstract
https://doi.org/10.1182/blood-2010-09-306308
https://doi.org/10.1182/blood-2010-09-306308
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21190995?dopt=Abstract
https://doi.org/10.4103/jisprm.jisprm_2_19
https://doi.org/10.4103/jisprm.jisprm_2_19
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31131374?dopt=Abstract
https://doi.org/10.1186/s12885-020-07637-z
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33234112?dopt=Abstract

