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Abstract
Skeletal muscle atrophy and loss of adipose tissue, referred to as sarcopenia and adipopenia, respectively, are often observed in
cancer patients. We investigated the impact of sarcopenia and adipopenia on clinical outcomes in 90 adult patients with newly
diagnosed acute myeloid leukemia (AML) who received induction chemotherapy. Computed tomography (CT) before treatment
revealed sarcopenia in 39 patients (43%) and adipopenia in 35 patients (39%). We analyzed the treatment efficacy of induction
chemotherapy and survival outcomes. Three-year overall survival (OS) was 35% in the sarcopenic group and 67% in the non-
sarcopenic group (P < 0.001). Three-year OS was 33% in the adipopenic group and 67% in the non-adipopenic group
(P < 0.005). Multivariate analysis showed an association between sarcopenia and lower OS (hazard ratio, 2.27; 95% confidence
interval, 1.11–4.79; P < 0.05), with other prognostic factors of performance status > 2 (P < 0.05) and adverse cytogenetic risk
(P < 0.05). In elderly patients over 60 years old, 3-year OS was 0% for the sarcopenic group and 49% for the non-sarcopenic
group (P < 0.0005). These results indicate the prognostic values of sarcopenia in adult patients with AML.
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Introduction

The number of patients with acute myeloid leukemia (AML)
who receive allogeneic hematopoietic stem cell transplanta-
tion (HSCT) has been increasing, due to the development of
reduced intensity conditioning (RIC) and non-myeloablative
regimens complementing improvements in supportive care
[1]. However, AML treatment remains a significant challenge
in terms of comorbidities and frailty [2]. Before treating elder-
ly patients, we should consider whether intensive curative
therapy including allogeneic HSCT is feasible or whether
low-intensity therapy would be better to improve survival
and quality of life [3]. Nevertheless, standard tools have yet
to be developed to assess the status of individual patient

function and thus predict treatment efficacy and the prognosis
of AML.

Sarcopenia, defined as a decrease in muscle mass and
strength, is often observed in cancer patients, particularly el-
derly patients [4]. Age-related sarcopenia is differentiated
from secondary sarcopenia resulting from diseases such as
cancer. Sarcopenia has been demonstrated to be associated
with the risks of morbidity and mortality for some kinds of
cancer [4, 5]. The metabolic activity of cancer cells and sys-
temic inflammation may lead to a loss of skeletal muscle [6].
We have previously reported sarcopenia as an independent
prognostic factor in patients with diffuse large B cell lympho-
ma (DLBCL) [7]. Adipose tissue is another important compo-
nent in the body, acting as a reserve of energy. Volumes of
skeletal muscle and adipose tissue are easily measurable using
computed tomography (CT) [8]. Takeoka et al. reported low
subcutaneous adipose tissue, referred to as adipopenia, before
treatment was a predictor of poor survival outcome in patients
with multiple myeloma [9]. However, the clinical impacts of
sarcopenia and adipopenia in adult AML have not been stud-
ied and remain unclear. The aim of this retrospective study
was to reveal the impacts of sarcopenia and adipopenia
on clinical outcomes in patients with AML. The term
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Bsarcopenia^was used in the sense of reduced muscle mass as
assessed by CT in this study.

Patients and methods

Patients

We retrospectively analyzed 90 patients (age ≥ 18 years) with
de novo AML confirmed in accordance with WHO criteria.
All patients received chemotherapy at Gifu University
Hospital between December 2004 and October 2016.
Cytogenetic risks were grouped by standard criteria and clas-
sified according to theMedical Research Council (MRC) clas-
sification [10]. All follow-up data were updated on April 1,
2017. This retrospective study was approved by our institu-
tional review board. This study was conducted in accordance
with the Helsinki guidelines.

Treatment strategies

Sixty-five patients underwent standard intensive chemothera-
py consisting of anthracycline and cytarabine (Ara-C). In
brief, induction therapy comprised either 12 mg/m2 of
idarubicin (IDA) on days 1–3 and 100 mg/m2 of cytosine
Ara-C on days 1–7, or 50 mg/m2 of daunorubicin on days
1–5 and 100 mg/m2 of Ara-C on days 1–7, followed by con-
solidation therapy. All patients with acute promyelocytic leu-
kemia (APL) (n = 15) received induction therapy with regi-
mens using all-trans retinoic acid. Consolidation chemothera-
py for 11 patients with core binding factor (CBF)-AML com-
prised high-dose Ara-C, and 40 patients underwent three or
four courses of standard consolidation chemotherapy based on
anthracycline and Ara-C. Twenty-eight patients received
HSCT. No hypomethylating or histone-deacetylating agents
were administered to any patients. Twenty-five patients re-
ceived low-dose chemotherapy [Ara-C combined with the
VP-16 regimen (AV regimen [11])] or AV with granulocyte-
colony stimulating factor (G-CSF) (AVG regimen [12]).
Patients who received palliative care alone were excluded.
Complete remission (CR) was defined according to
International Working Group criteria [13].

Definitions of sarcopenia and adipopenia

Skeletal muscle mass and fat tissues were measured using
stored images from CT performed prior to any treatment, as
previously described [7]. Skeletal muscles and visceral and
subcutaneous fat areas were assessed from a single axial slice
at the third lumbar (L3) level [14]. Hounsfield unit (HU)-
based analysis of images was performed using dedicated
SliceOMatic software (version 4.3; TomoVision, Montreal,
Canada) to segment fat and lean tissue and quantify the

cross-sectional area of each tissue type by totaling the given
pixels of a tissue and multiplying that sum by the absolute unit
pixel surface area (Supplemental Fig. 1). The following pa-
rameters were assessed: skeletal muscle mass including the
mass of the psoas, quadratus lumborum, transversus
abdominis, external and internal obliques, rectus abdominis,
and erector spinae muscles; subcutaneous fat mass including
the fat present in the subcutaneous tissue; and intramuscular
fat contained in intercostal muscles and visceral fat mass. The
fat present in the psoas was not considered for the assessment
of adiposity. CT attenuation thresholds were − 29 HU to 150
HU for skeletal muscles and − 190 HU to − 30 HU and − 50
HU to − 150 HU for subcutaneous and visceral adipose tis-
sues, respectively. Adipose tissue was taken as the sum of
subcutaneous and visceral adipose tissues. This value was
normalized for stature to calculate the lumbar L3 skeletal mus-
cle index (SMI) and lumbar L3 adipose tissue index (ATI).

Due to the lack of consensus in definitions for sarcopenia
and adipopenia using measurements fromCT, we defined sex-
specific cutoffs for our population. Receiver operator curve
(ROC) analysis was used to identify cutoffs for SMI and
ATI associated with mortality ascertained by optimum strati-
fication that would best predict patient prognosis. Optimum
stratification solved the threshold value of SMI that best sep-
arated patients with sarcopenia from those without sarcopenia
with respect to mortality [15].

Statistical analysis

Overall survival (OS) was measured from the start of che-
motherapy until death from any cause, with data censored
as of the date of last contact. Disease-free survival (DFS)
for patients who achieved complete response (CR) was
measured from the date of CR until the date of AML
relapse or death from any cause and was censored as of
final follow-up. Event-free survival (EFS) was measured
from the date of diagnosis to the date of induction treat-
ment failure, relapse from CR, or death from any cause.
Survival curves were estimated using the Kaplan-Meier
method and were compared using the log-rank test.
After multivariate analysis using a Cox proportional haz-
ards regression model with a stepwise method, the hazard
ratio (HR) was calculated. The Cox model was tested for
the assumption of proportionality and checked for inter-
actions between the significant covariates retained in the
final model. Relationships between clinical, biological,
and imaging parameters were determined using a non-
parametric Mann-Whitney U test or chi-squared test, as
appropriate. Differences between the results of compara-
tive tests were considered statistically significant for
values of P < 0.05. All statistical analyses were performed
using JMP version 13 software (SAS Institute, Cary, NC).
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Results

Patient baseline characteristics

Clinical characteristics of the 90 patients examined in this
study are summarized in Table 1. The study population com-
prised 51 males and 39 females. Median age at diagnosis was
59 years (range, 18–84 years). Thirty patients were classified
as showing favorable cytogenetic risk, while 46 showed inter-
mediate risk and 12 showed adverse risk. Cytogenetic risk was
unknown in two patients. Sixty-five patients (72%) received
intensive chemotherapy, and 25 patients (28%) received re-
duced intensity chemotherapy as induction therapy. Median
SMI was 42.5 cm2/m2 (range, 26.8–61.8 cm2/m2) and median
ATI was 73.9 cm2/m2 (range, 2.1–188.9 cm2/m2). SMI was
significantly higher in males than in females (P < 0.0001),
whereas no difference in ATI was seen between males and
females (P = 0.96). The cutoff SMI used to identify sarcopenia

was defined as < 48.4 cm2/m2 in males and < 33.5 cm2/m2 in
females. The cutoff ATI used to identify adipopenia was de-
fined as < 63.5 cm2/m2 in males and < 46.0 cm2/m2 in fe-
males. Thirty-nine patients (43%) showed sarcopenia, and
35 patients (39%) showed adipopenia. According to perfor-
mance status (PS), 39% of patients with PS ≤ 1 showed
sarcopenia, compared to 67% of patients with PS ≥ 2
(P < 0.05). Fat mass was significantly lower in patients <
60 years old than in elderly patients (Table 1). No correlation
was evident between the value of serum albumin and either
SMI or ATI. The presence or absence of comorbidity before
treatment was unrelated to sarcopenia (data not shown).

Response and outcomes

Of the 90 patients, 62 (78%) achieved CR within 2 cycles of
induction chemotherapy. CR rate was significantly lower in
patients with adverse cytogenetics than in those with

Table 1 Sarcopenia and
adipopenia in AML patients Sarcopenia Adipopenia

(M: SMI < 48.4, F: SMI < 33.5) (M: ATI < 63.5, F: ATI < 46.0)

No. No. % P value No. % P value

All patients 90 39 43 35 39

Gender Male 51 25 49 0.21 20 39 0.94

Female 39 14 36 15 38

Age (years) < 60 46 21 46 0.65 23 50 < 0.05

≥ 60 44 18 41 12 27

PS 0–1 75 29 39 <0.05 30 40 0.63

≥ 2 15 10 67 5 33

WBC < 20,000 64 26 41 0.42 19 30 < 0.01

≥ 20,000 26 13 50 16 62

LDH Normal 24 9 38 0.5 6 25

Increased 66 30 46 29 44

Chromosome Favorable 30 10 33 0.6 6 20 0.05

Intermediate 46 22 48 21 46

Adverse 12 6 50 7 58

WHO Category 1 31 11 35 0.31 7 23 0.07

Category 2 12 7 58 6 50

Category 3 1 1 100 1 100

Category 4 46 20 43 21 46

FAB M0 4 3 75 0.14 2 50 0.41

M1 6 2 33 3 50

M2 37 12 32 13 35

M3 14 7 50 3 21

M4 19 9 47 9 47

M5 6 3 33 2 33

M6 2 2 100 1 50

M7 2 2 100 2 100
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favorable cytogenetics. CR rate was significantly lower in
patients receiving less-intensive chemotherapy than in
those with intensive chemotherapy. The CR rate was signif-
icantly lower in patients with body mass index (BMI) <
25 kg/m2 than in those with BMI ≥ 25 kg/m2. Patients with
sarcopenia or adipopenia tended to show lower CR rates
than patients without these conditions, but the difference
was not significant (Table 2). Median follow-up was
13.8 months (range, 0.5–146.5 months). Three-year OS,
EFS, and DFS in all patients were 53%, 35%, and 52%,
respectively (Table 2). For sarcopenia and non-sarcopenia
groups, 3-year OS was 35% and 67% (P < 0.001) and 3-year
DFS was 25% and 58% (P < 0.0001), respectively (Fig. 1).
For adipopenia and non-adipopenia groups, 3-year OS was
33% and 67% (P < 0.005), and 3-year DFS was 31% and
64% (P < 0.05), respectively (Fig. 2). Multivariate analysis
showed an association between sarcopenia and lower OS
(hazard ratio, 2.27; 95% confidence interval, 1.11–4.79;
P < 0.05), with other prognostic factors of worse PS (≥ 2)
(P < 0.05) and adverse cytogenetic risk (P < 0.05) (Table 3).
Sarcopenia was also significantly associated with lower
DFS (P < 0.0001) and lower EFS (P < 0.001). Patients with
both sarcopenia and adipopenia exhibited the worst progno-
sis (Supplemental Fig. 2).

Survival analysis in elderly patients

Next, we investigated the impact of sarcopenia in elderly pa-
tients (> 60 years old), who need careful assessment to decide
treatment strategies. A total of 44 patients were > 60 years old
(median age, 67 years; range, 60–84 years). Clinical charac-
teristics are summarized in Table 4. Thirty-four patients (77%)
showed PS 0 or 1, and 48% received intensive chemotherapy
for induction. Reasons for receiving less-intense chemothera-
py were age (n = 10), comorbidities (n = 7), and hypoplastic
bone marrow (n = 4). The cutoff value for SMI used to iden-
tify sarcopenia was defined as < 42 cm2/m2 in males and <
32 cm2/m2 in females according to ROC analysis of elderly
patients. Nine patients (20%) were defined as showing
sarcopenia. Sarcopenia was seen in 12% of patients with PS
≤ 1 and 50% of patients with PS ≥ 2 (P < 0.05). Three-year OS
was 0% for the sarcopenic group and 49% for the non-
sarcopenic group (P < 0.0005), 3-year DFS was 0% and
61% (P < 0.0001), and 3-year EFS was 0% and 46% (P <
0.005), respectively (Fig. 3). Causes of death in sarcopenia
patients were leukemia (n = 8) and infection (n = 1). Causes
of death in non-sarcopenia patients were leukemia (n = 9),
pulmonary hemorrhage (n = 1), acute graft-versus-host dis-
ease (n = 1), and pancreas cancer (n = 1).

Table 2 Univariate analysis of complete response and survival rates

CR 3-year OS 3-year EFS 3 -year DFS

No. No. % P value % P value % P value % P value

All patients 90 62 78 53 35 52

Gender Male 51 31 61 0.05 44 < 0.05 27 < 0.05 47 0.33

Female 39 31 79 65 46 58

Age < 60 46 30 65 0.44 64 0.05 34 0.78 52 0.75

≥ 60 44 32 72 37 36 52

PS 0–1 75 54 72 0.17 59 < 0.0001 38 < 0.05 53 0.31

≥ 2 15 8 53 NR NR NR

WBC < 20,000 64 46 72 0.34 59 0.06 39 0.23 55 0.35

≥ 20,000 26 16 62 37 28 45

LDH Normal 24 16 67 0.78 55 0.8 43 0.67 65 0.32

Increased 66 46 70 51 33 48

Chromosome Favorable 30 27 90 < 0.0005 76 < 0.0001 56 < 0.0001 63 < 0.05

Intermediate 46 31 67 51 32 47

Adverse 12 3 25 8 0 0

Treatment Intensive 65 51 78 < 0.005 65 < 0.0001 44 < 0.0005 56 0.12

Less intensive 25 11 44 15 11 24

SMI Sarcopenia 39 23 59 0.08 35 < 0.001 15 < 0.0001 25 < 0.0001

Non-sarcopenia 51 39 76 67 51 58

ATI Adipopenia 35 20 57 0.06 33 < 0.005 18 < 0.01 31 < 0.05

Non-adipopenia 55 42 76 67 48 64

BMI BMI < 25 68 43 63 < 0.05 48 < 0.05 24 < 0.005 39 < 0.05

BMI ≥ 25 22 19 86 68 70 81
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Discussion

This study indicates the clinical values of sarcopenia and
adipopenia assessed by CT in adult patients with AML. In this
series of 90 patients with AML who received induction che-
motherapy, sarcopenia and adipopenia were not associated
with efficacy but were significantly associated with poor sur-
vival. This may suggest that the prognostic impacts of
sarcopenia and adipopenia are more related to the physiolog-
ical condition than to the leukemia itself. Sarcopenia has been
demonstrated to be associated with adverse events of chemo-
therapy leading to dose reductions, delays, or termination of
treatment [4]. Suzuki et al. recently reported that muscle loss
was observed in all childhood patients with acute lymphoblas-
tic leukemia (ALL) after induction therapy, and sarcopenia
was significantly associated with severe adverse events during
induction therapy [16]. Patients with sarcopenia may thus be

unable to obtain the complete therapeutic effects of chemo-
therapy, potentially explaining why sarcopenia is a poor prog-
nostic factor for AML patients.

Ando et al. recently reported higher BMI as associated with
better CR rate and OS in adult patients with AML [17]. They
suggested that obese patients have a large amount of adipose
tissue, which influences the metabolism of daunorubicin and
could improve treatment response [17]. We also analyzed the
impact of BMI and adipopenia, but neither was identified as a
significant prognostic factor in our multivariate analysis. The
median age of patients in our study was 12 years more than in
their study, which may have affected the impact. Sarcopenia
thus appears more useful as a factor for predicting survival
than BMI in elderly patients.

Which patients will benefit most from intensive chemothera-
py remained unclear for this heterogeneous AML population.
Although patient comorbidities are commonly cited as one

Months Months

Months

a b

c

ーNon-sarcopenia
ー Sarcopenia

ーNon-sarcopenia
ー Sarcopenia

ーNon-sarcopenia
ー Sarcopenia

P < 0.001
P < 0.0001

P < 0.0001

Fig. 1 Overall survival (a), event-free survival (b), and disease-free survival (c) according to SMI. The cutoff SMI used to identify sarcopenia was
defined as < 48.4 cm2/m2 in males and < 33.5 cm2/m2 in females
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Months Months

Months

a b

c

ーNon-adipopenia
ー Adipopenia

ーNon-adipopenia
ー Adipopenia

ーNon-adipopenia
ー Adipopenia

P < 0.005
P < 0.01

P < 0.05

Fig. 2 Overall survival (a), event-free survival (b), and disease-free survival (c) according to ATI. The cutoff ATI used to identify adipopenia was defined
as < 63.5 cm2/m2 in males and < 46.0 cm2/m2 in females

Table 3 Multivariate analysis of survival rates

Overall survival Event-free survival Disease-free survival

HR 95% CI P value HR 95% CI P value HR 95% CI P value

Male 1.19 0.51–2.85 0.69 1.03 0.51–2.23 0.93 0.8 0.25–2.35 0.69

Age ≥ 60 1.71 0.65–4.50 0.27 0.46 0.21–0.99 < 0.05 0.54 0.15–1.79 0.31

PS ≥ 2 3.73 1.27–10.74 < 0.05 1.11 0.41–2.80 0.83 0.5 0.06–2.77 0.47

WBC ≥ 20,000 2.09 0.91–4.99 0.08 1.11 0.54–2.28 0.77 1.3 0.39–4.51 0.67

LDH increased 1 0.39–2.61 0.99 1.1 0.51–2.45 0.82 3.01 0.87–12.48 0.08

Chromosome

Intermediate 1.36 0.49–4.21 0.56 2.51 1.13–5.92 < 0.05 3.87 1.11–15.26 < 0.05

Adverse 7.97 2.30–29.92 < 0.005 7.3 2.62–20.98 < 0.0005 8.86 1.25–61.85 < 0.05

Less intensive treatment 2.58 0.88–7.69 0.09 5.06 2.03–12.97 < 0.001 6.9 1.47–33.97 < 0.05

Sarcopenia 2.27 1.11–4.79 < 0.05 3.01 1.58–5.91 < 0.001 9.39 3.19–30.62 < 0.0001

Adipopenia 1.94 0.86–4.56 0.11 1.02 0.48–2.15 0.95 0.48 0.10–1.93 0.31

BMI < 25 1.17 0.38–4.10 0.79 1.83 0.71–5.36 0.21 3.62 0.88–18.90 0.08
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reason why elderly patients are not candidates for intensive che-
motherapy and HSCT, most prognostic factors focus on disease-
specific characteristics such as cytogenetic pattern [2]. Some
tools in the Comprehensive Geriatric Assessment are based on
activities of daily living, comorbidities and cognitive abilities
[18, 19]. This assessment has recently been proposed as a useful
method for choosing the correct intensity of treatment in elderly
patients with DLBCL [20]. We investigated the impact of
sarcopenia in elderly patients over 60 years old and surprisingly
found that all patients with sarcopenia died within 1 year. They
received induction chemotherapy, which means they had not
been judged as unfit for chemotherapy by a physician. Our data
suggest that induction chemotherapy may only exacerbate pa-
tient prognosis and quality of life for elderly patients with
sarcopenia. On the other hand, treatment with intensive chemo-
therapy can be expected to contribute to survival for non-
sarcopenia patients, even over 60 years old. Sarcopenia reflect
many clinical conditions, such as frailty, low nutritional status,
active catabolism, and systemic inflammation [6]. Sarcopenia
could thus offer a very useful tool for detecting frailty in elderly
patients with AML, who would thus be unfit for chemotherapy.

Table 4 Clinical characteristics of elderly patients with AML

Sarcopenia

(M: SMI < 42, F: SMI < 32)

No. No. % P value

All patients 44 9 20
Gender Male 29 5 17 0.47

Female 15 4 27
Age < 70 25 5 20 0.93

≥ 70 19 4 21
PS 0–1 34 4 12 < 0.05

≥ 2 10 5 50
WBC < 20,000 36 5 14 < 0.05

≥ 20,000 8 4 50
LDH Normal 15 1 7 0.08

Increased 29 8 28
Chromosome Favorable 14 1 7 0.25

Intermediate 24 6 25
Adverse 6 2 33

WHO Category 1 14 1 7 0.15
Category 2 8 1 13
Category 3 – – –
Category 4 22 7 32

Treatment Intensive 23 3 13 0.2
Less intensive 21 6 29

Months Months

Months

a b

c

ーNon-sarcopenia
ー Sarcopenia

ーNon-sarcopenia
ー Sarcopenia

ーNon-sarcopenia
ー Sarcopenia

P < 0.0005 P < 0.0001

P < 0.005

Fig. 3 Overall survival (a), event-free survival (b), and disease-free survival (c) according to SMI in elderly patients > 60 years old
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Improved understanding of AML etiology has resulted in
investigations of targeted therapy such as hypomethylating
drugs, histone-deacetylating drugs, inhibitor of FLT3 muta-
tion, and inhibitor of IDH2 mutation [21, 22]. These therapies
could be suitable for elderly patients with sarcopenia, given
the reduced frequency of adverse events compared with che-
motherapy. Even though patients exercise with a physical
therapist during hospitalization, improving sarcopenia is not
easy in AML patients, because AML treatment requires ur-
gent, long-term hospitalization, and sometimes severe infec-
tions develop. Increasing muscle mass in contrast to strength
may be challenging during AML induction therapy.

Despite the important findings in this study, several limita-
tions should be discussed. First, our data were obtained from
retrospective investigation of a single, small center. A larger
prospective study is needed to confirm the impact of sarcopenia
and adipopenia on clinical outcomes in patients with AML.
Second, appropriate examinations to assess muscle function
were not performed due to the retrospective nature of the anal-
ysis. Some recently published criteria for sarcopenia have rec-
ommended using the presence of not only low muscle mass but
also low muscle function for the diagnosis of sarcopenia [23].
However, these criteria are sometimes not easy to apply to pa-
tients with AML, who usually suffer from severe infections or
are in an immune-compromised state. On the other hand, CT is
an accurate method for measuring muscle and adipose tissues
using stored images in cancer patients. Since CT is generally
performed before the treatment of leukemia and software is now
commercially available, evaluations ofmuscle and adiposemass
can be easily performed for patientswithAMLat any institution.
Third, the main limitation to routine clinical usage is the lack of
well-defined cutoff values for both sarcopenia and adipopenia.
A large control population is needed to define cutoff values.

Our data illustrate a marked clinical impact of sarcopenia
and adipopenia in patients with AML. Evaluation of skeletal
muscle and adipose tissue depletion by CT offers a useful
objective tool for predicting AML patient outcomes.
Moreover, in elderly patients, the presence of sarcopenia be-
fore treatment may offer a useful factor for avoiding intensive
therapeutic strategies for AML.
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