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Abstract

Background Sarcopenia is an indicator of negative outcomes in many diseases in adults. Reports indicate this might also
be true in children.

Objective To evaluate the effect of sarcopenia and sarcopenic obesity on event-free survival (EFS) and overall survival (OS)
in children with Ewing sarcoma and osteosarcoma.

Materials and methods We retrospectively measured total muscle areas of the pectoralis, paraspinal (T12 level) and psoas
(L4 level) muscles and total abdominal muscle area (L3 level) on computed tomography images in 60 children diagnosed
with either Ewing sarcoma (n=34) or osteosarcoma (n=26). Skeletal muscle indices (SMI) were calculated by normalizing
muscle area to patient height. Vertebral morphologic parameters of T12 and L4 vertebrae were measured and correlated to
patient height to use as a substitute in cases of missing height data (SMI,, and SMI; ;). We calculated sarcopenic obesity
index by dividing SMI by body mass index. We subdivided children into two groups according to the median value of each
parameter and assessed the differences in survival between the groups.

Results No skeletal muscle index or sarcopenic obesity index parameter significantly affected event-free or overall survival
in the total group analysis. In the non-metastatic group, higher values of SMI-paraspinal and SMI;,—psoas were correlated
with longer event-free survival and no patient died in this group. Boys and children in the metastatic group with higher
SMI;,,—paraspinal values had significantly longer event-free survival and both event-free and overall survival, respectively.
Conclusion Although some parameters were correlated with event-free and overall survival, neither sarcopenia nor sarcopenic
obesity were reliably associated with survival in children with Ewing sarcoma or osteosarcoma.

Keywords Adolescent - Children - Computed tomography - Ewing sarcoma - Mortality - Obesity - Osteosarcoma -
Sarcopenia

Introduction

Broadly speaking, sarcopenia is the loss of muscle mass
and function. The European Working Group on Sarcopenia
in Older People defined it as a progressive and generalized
skeletal muscle disorder associated with an increased likeli-
hood of adverse outcomes including falls, fractures, physical
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disability and mortality [1]. While primary sarcopenia is a
result of muscle loss from aging, secondary sarcopenia may
result from disease (e.g., cancer, neurodegenerative disease,
endocrine processes), immobility, medications or reduced
calorie intake [2].

In adults, sarcopenia is associated with adverse out-
comes, especially in those with cancer [1]. In recent years,
increasing attention has been given to sarcopenia research in
children. Sarcopenia and adverse outcomes have been docu-
mented in children [3]. Impaired muscle quality and function
are seen not only in those who succumb to cancer, but also in
survivors. It is thought to be one of the reasons for the early
onset of chronic conditions in cancer survivors [4].

Body weight and body mass index (BMI) are often used
to assess nutritional status. However, they are not necessar-
ily markers of muscle mass [5]. In adults, sarcopenic obesity,
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which is the combination of sarcopenia with obesity, has been
documented to be an independent marker for adverse outcomes
in many cancer patients [6]. In limited studies in children, sar-
copenic obesity prevalence has been reported to be 8—10% and
has also been associated with negative outcomes [5, 7].

This study investigated the impact of sarcopenia and sar-
copenic obesity on event-free survival and overall survival
in children with Ewing sarcoma and osteosarcoma.

Materials and methods
Patients

We obtained approval from the local ethics committee for
this study. Pediatric patients diagnosed at or referred to our
tertiary center with either Ewing sarcoma or osteosarcoma
between August 2012 and October 2020 constituted our
study population. Children and adolescents were included in
the study if computed tomography (CT) scans of the thorax
or abdomen were obtained within 1 month of the initiation
of chemotherapy. All children were required to have at least
12 months of follow-up after the start of treatment. Children
who died within this period were also included in the study.

Data and measurements
Using patient records, we retrieved patient age, sex, height,

weight (measured at the initiation of chemotherapy), pres-
ence of metastases, date of last visit and, if present, the date

of relapse or death. We calculated each child’s BMI from
available data.

Computed tomography scanning was performed on either
a SOMATOM Flash or Emotion 16 scanner (Siemens Health-
ineers, Erlangen, Germany). Scan parameters varied among
children according to their age and size. All CT measure-
ments were performed manually on the local picture archiv-
ing and communication system (PACS) software (Infinitt
PACS; Infinitt Healthcare, Seoul, South Korea) by a single
radiologist with 18 years of experience (O.B.). All muscle area
measurements were performed on the axial plane with density
thresholding between —29 Hounsfield units (HU) and + 150
HU. We measured the following muscle areas: total pectoral
muscle area, total paraspinal muscle area at the mid-vertebral
level of the T12 vertebra, total abdominal muscle area at the
mid-vertebral level of the L3 vertebra, and total psoas mus-
cle area at the mid-vertebral level of the L4 vertebra (Fig. 1).
Pectoral muscle measurements were performed at the level of
the manubriosternal junction. Both the pectoralis major and
pectoralis minor muscles were included. For the pectoralis,
paraspinal and psoas muscles, we measured left and right sides
and recorded their sum.

To normalize muscle area for each child, we calculated
muscle indices for every muscle group using the following
formula:

Skeletal muscle index (SMI) = muscle area (cm? ) /(height in meters)z.

From this formula, we calculated the SMI-pectoral,
SMI-paraspinal, SMI-abdominal and SMI-psoas.

Fig.1 Muscle area measurements (blue) on axial computed tomog-
raphy images. a—h Pectoral (a, 17-year-old boy with Ewing sarcoma;
b, 16-year-old girl with osteosarcoma), paraspinal (¢, 17-year-old boy
with Ewing sarcoma; d, 17-year-old girl with osteosarcoma), abdom-
inal (e, 15-year-old boy with osteosarcoma; f, 16-year-old girl with
osteosarcoma) and psoas (g, 17-year-old boy with Ewing sarcoma; h,
16-year-old girl with osteosarcoma). Images (a), (¢) and (g) are intra-

venously contrast enhanced; images (b), (d), (e), (f) and (h) are not.
Green areas represent densities between —29 Hounsfield units (HU)
and + 150 HU that were not measured. Images (a), (c), (e) and (g) are
in children with high skeletal muscle index (SMI), whereas images
(b), (d), (f) and (h) are in children with low SMI. Notice the fatty
areas within the blue regions in some children that were discarded
because of density thresholding
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To measure sarcopenic obesity, we divided the BMI by
the SMI for each muscle group, which is also the weight
divided by muscle area.

Sarcopenic obesity index (SOI) = BMI/SMI = weight (kg)/muscle area (cm?).

We report the results for different muscle groups as
SOI—pectoral, SOl-paraspinal, SOI-abdominal and SOI-psoas.

Because some children had missing height data, we
measured/calculated vertebral parameters in every child
to find a suitable normalization value. We recorded the
following parameters for the T12 and L4 vertebrae: anter-
oposterior (AP) and mediolateral (ML) dimensions meas-
ured at the upper end plate, and the vertebral height (H)
measured at the posterior border. From these measure-
ments, we calculated the vertebral area by multiplying AP
and ML. We calculated the vertebral volume by multiply-
ing this area by height.

Statistical analysis

We performed statistical analyses using the SPSS software
version 23 (IBM Corp., Armonk, NY). Demographic and
clinical characteristics of the children are presented using
descriptive analyses as percentages (%), frequencies (1),
medians and minimum-maximum values. We assessed the
normal distribution of continuous variables using visual
methods (histograms and probability charts) and analytical
methods (Kolmogorov—Smirnov/Shapiro—Wilk tests). If no
normal distribution occurred, we used the Mann—Whitney
U test for comparison between two groups. We assessed
the correlation between vertebral measurements and height
using Spearman correlation analysis and analyzed the dif-
ferences between contrast-enhanced and non-contrast-
enhanced CT scans using the Mann—Whitney U test.

To assess the effect of our parameters on overall and
event-free survival, we identified the median value for each
parameter considering the entirety of the study population.
Then we divided patients into two groups for each parameter,
those being above or below the median value. In addition,
we stratified children according to tumor type (Ewing sar-
coma/osteosarcoma) and according to the presence of metas-
tases at the time of diagnosis. All analyses were repeated
by sub-grouping children according to sex. We used the
Kaplan—Meier analysis and the log—rank test to assess sur-
vival. Statistical significance was set at two-tailed P <0.05.

Results
Sixty children and adolescents between the ages of

16 months and 18 years (median age: 13 years) were
included in the study. The demographics of the patient
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population, as well as the diagnoses, metastatic status at
diagnosis, follow-up information and information from
available CT scans are given in Table 1. All children had
CT scans of the thorax, while 34 also had CT scans of the
abdomen, performed at the time of thoracic CT imaging.
Abdominal imaging was performed for staging purposes
or to evaluate bony involvement of the primary tumor. CT
was performed in cases where sedated magnetic resonance
imaging (MRI) was not available or when access to MRI
would delay treatment.

In one child, movement artifacts prevented measurement
of the pectoral muscles; in another child, technical artifacts
prevented measurement of the total psoas muscle area. In
six (10%) children, BMI and SMI could not be calculated
because of missing height data.

All vertebral parameters significantly correlated with
patient height. The highest correlation was observed with
T12 vertebral volume (r=0.86). This was followed by T12
vertebral height (r=0.85), L4 vertebral volume (r=0.83),
L4 vertebral AP diameter (r=0.81) and L4 vertebral height

Table 1 Demographics of the study population, diagnosis, follow-up
information and type of CT scans available

Parameter Range (median) or n (%)
Age 1.5-18y (13 y)
Sex
Male 31 (51.6%) (mean 13.7 y; median 15 y)
Female 29 (48.4%) (mean 11.7 y; median 12 y)
Diagnosis
Ewing sarcoma 34 (56.6%)
Osteosarcoma 26 (43.4%)
Location of primary tumor
Lower extremity 35 (58.3%)
Pelvis 9 (15%)
Soft tissue 7 (11.7%)
Upper extremity 3 (5%)
Ribs 3(5%)
Skull 2 (3.3%)
Vertebra (cervical) 1(1.7%)
Metastatic at diagnosis 12 (20%)
Location of metastases
Lung 7 (58.3%)
Lung + other sites 4 (33.3%)
Bone 1(8.3%)

6-108 (41 months)
14 (23.3%) (range 6—32 months)
12 (20%) (range 6-63 months)

Follow-up period (months)
Deaths during follow-up
Relapses during follow-up

CT
Thorax 60: 24 (-C); 36 (+0O)
Abdomen 34:27 (-C); 7 (+C)

+ C contrast-enhanced, -C non-contrast-enhanced, y years
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(r=0.81). Because of missing height data in six children, we
chose the T12 and L4 vertebral heights for their simplicity
and potential clinical use for calculating muscle indices in
addition to the indices calculated from patient height. We
calculated these indices for every child and reported them
using the prefixes SMly,, or SMI, ,. These vertebrac were
not affected by any disease process in any child.

There was no statistically significant difference between
the muscle areas of the contrast-enhanced and non-contrast-
enhanced groups (P =0.24-0.96). Therefore, all further anal-
ysis was performed without regard to the use of intravenous
contrast agent.

The median values and interquartile ranges of muscle areas
and SMI values are presented in Table 2. Examples of chil-
dren with low and high SMI values are presented in Fig. 1.

Overall survival

In the overall study group, we found no statistical signifi-
cance between any skeletal muscle index or sarcopenic obe-
sity index. There was also no statistical correlation between
any SMI or sarcopenic obesity index when grouping children
into pathological subgroups.

Among children without metastases at the time of diagno-
sis, no deaths were recorded in those with higher SMI-par-
aspinal values (n=20) and higher SMI,,—psoas values
(n=14), whereas 22.7% (5/22) and 30% (3/10) of children
with lower values died in the respective categories. (Sur-
vival analysis could not be performed because no events
occurred in children with higher indices). In children with
metastatic disease at the time of diagnosis, higher values
of SMI,,—paraspinal correlated significantly with longer
overall survival (54 months vs. 17.7 months, P=0.04).

When all groupings were further sub-grouped by sex,
boys with SMI,,—paraspinal values above the median value
had significantly longer overall survival compared to those
with values below (96.7 months vs. 51.6 months, P=0.01).

Table2 The median and interquartile ranges (IQR) of the respective
muscle areas and skeletal muscle indices (SMI)

Variable Median IQR
Muscle area (cm?)
Paraspinal 19.4 15.9-26.4
Pectoralis 18.7 12.9-26.5
Abdominal 814 65.1-101.3
Psoas 13.8 10.7-19.1
SMI (cm*/m?)
Paraspinal 8.6 7.4-9.7
Pectoralis 8.3 6.1-11.4
Abdominal 344 29.3-39.1
Psoas 5.7 4.9-7.2

Other parameters did not significantly correlate with over-
all survival.

Event-free survival

In the overall study group, no parameter was significantly
correlated with event-free survival. There was also no sta-
tistical correlation between any SMI or sarcopenic obesity
index when grouping children into pathological subgroups.

In children without metastases at diagnosis, higher SMI—par-
aspinal and SMI,,—psoas values were significantly correlated
with longer event-free survival (102.8 months vs. 59.8 months,
P=0.01; and 96.1 months vs. 48 months, P=0.03) (Fig. 2). In
children with metastatic disease, higher SMl,,—paraspinal val-
ues were significantly correlated with longer event-free survival
(54 months vs. 17.7 months, P=0.04).

Sub-grouping patients by sex did not yield any significant
correlation in terms of event-free survival, neither did other
parameters correlate significantly with event-free survival.
Results for SMI parameters are presented in Table 3.

Discussion

This study evaluated the correlation of sarcopenia and
sarcopenic obesity with event-free and overall survival in
pediatric patients with Ewing sarcoma and osteosarcoma.
Overall, no marker for sarcopenic obesity correlated with
event-free or overall survival. Although sarcopenia did not

Survival Functions

1.0
Above median - censored
0.8
e,
g 0.6 Below median - censored
=
=}
2]
g
18] 0.4
0.24
0.0
T T T T T T T
0.00 20.00 40.00 60.00 80.00 100.00 120.00
Time

Fig.2 Event-free survival curves for the skeletal muscle index (SMI)
derived from paraspinal muscles at the T12 level (SMI-paraspinal) in
non-metastatic children. Survival was significantly longer in children
with values above the median than in those with values below the
median. Time is presented as months
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affect survival in the overall analysis, in some subgroups,
larger muscle mass was correlated with longer survival.

Recently, Romano et al. [8] studied the effects of sarcopenia
in children with bone and soft-tissue sarcomas. Their analysis
included 21 children, most with Ewing sarcoma and some with
rhabdomyosarcoma or desmoplastic tumor, none with osteo-
sarcoma. They used previously reported reference values by
Lurz et al. [9] to classify patients according to the total psoas
muscle area measured at the L4-5 intervertebral level, without
normalizing measurements. Romano et al. [8] reported that
57.1% of children were sarcopenic at the time of diagnosis
but that sarcopenia was not associated with overall survival.
However, a decrease in total psoas muscle area by more than
25% in the 12 months following diagnosis was significantly
associated with poor overall survival in their study [8].

Our study differed in several ways. We did not use previ-
ously reported reference values. We used thresholding for our
muscle area measurements, and for analysis, we normalized
these values to patient height (SMI) or to vertebral height
(SMly,, or SMI; ,). Regarding total psoas muscle area, we
measured this parameter at a slightly higher level; we chose
to measure at the mid L4 level, which is more frequently
used in adults, compared to the slightly lower level of the
L4-5 intervertebral disc chosen by Romano et al. [8]. Last,
our study consisted of only cases with Ewing sarcoma and
osteosarcoma. Nonetheless, our endpoints were similar in
that sarcopenia did not affect overall survival in either study.

Most reported reference values for muscle area only take
age and sex into consideration, without any normalization
using patient height or weight. On the other hand, a study by
Metzger et al. [10] and a more recent study by Somasunda-
ram et al. [11] also reported muscle indices for total psoas
muscle area and total abdominal muscle area, respectively.
The study by Somasundaram is especially valuable because it
was performed in 2,168 patients. However, neither study used
thresholding to isolate muscle tissue from intra/intermuscular
fat, as is recommended for sarcopenia measurements in adults
[12]. In that regard, it should also be noted that no previous
study we reviewed performed thresholding. The use of spe-
cific density limits, however, requires attention to the use of
intravenous contrast agent because it affects muscle density
[13]. One critical issue is that reference values may be differ-
ent in different populations [14]. Therefore, reference values
for each population are needed for accurate diagnosis.

Like in adults, many studies have found sarcopenia to be
a marker for worse survival or disease outcome in children
[7, 15-17]. In our study, children in the non-metastatic group
with higher SMI-paraspinal and SMI,,—psoas values had
longer event-free survival and no deaths. Boys with higher
SMI,—paraspinal values had longer overall survival. In the
metastatic group, children with higher SMI,,—paraspinal
values had longer overall and event-free survival compared
to those with lower values.

However, no single parameter demonstrated sufficient
robustness to be regarded as an independent indicator of
survival. Because every child underwent chest CT and most
children had no metastases, the SMI-paraspinal values
could be considered as the most useful index in our study.
However, we observed no significant correlation between
this parameter and event-free or overall survival in the total
group or other subgroup analyses. Although fewer children
underwent abdominal imaging, the same was true for the
SMI;,—psoas index. This lack of correlation may have sev-
eral explanations. First, the low number of children in the
subgroups might have resulted in statistical discrepancies.
Additionally, the skeletal muscle index might not be useful
in children. Skeletal muscle might scale differently to height
in children than in adults. It is, for example, known that
body weight is proportional to height cubed and not height
squared during puberty [16]. In the work by Metzger et al.
[10], the psoas muscle index was not a linear function but
was lower around the age of 8 years than in other age groups
and was more pronounced in boys.

Puberty might be another confounding factor. Although
fat mass and fat-free mass during early childhood are com-
parable in girls and boys, girls gain more fat mass during
puberty, whereas boys acquire more muscle mass [14-16].
These reasons might have contributed to the SMly,—par-
aspinal values being correlated with overall survival in boys
but not in girls, given that boys were older than girls in our
study. The fact that the SMI ,—paraspinal index was useful
in metastatic children might be attributed to the lower num-
ber of metastatic children (n=12) in this group and hence
could be considered a statistical bias.

Many studies that reported negative outcomes in children
with sarcopenia were performed on very few patients, some
as few as 13 [18-21]. Therefore, more studies are necessary
to verify the results [3]. Supporting our findings and those
of Romano et al. [8], a recent study with 164 children found
no association between total psoas muscle area and event-
free and overall survival in pediatric patients with cancer,
although there was a weak correlation with days spent in a
neutropenic state [22].

The pectoralis muscle area is not widely studied for
assessing sarcopenia. In adults, it has been shown to corre-
late with the psoas muscle area [23]. Low pectoralis muscle
area has been associated with worse survival in people with
breast cancer and negative outcomes in those with corona-
virus disease 2019 (COVID-19) pneumonia [24, 25]. Given
that people with Ewing sarcoma and osteosarcoma routinely
undergo CT imaging of the thorax, we assessed the pec-
toralis muscle in our study. However, we did not find any
association between the pectoralis muscle area and survival.

Weight-based metrics like BMI or body surface area do
not provide information about body composition. Individu-
als with identical height and weight might exhibit different
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percentages of fat, muscle and bone [6]. BMI z-scores in
children can misclassify as much as 25% of children with
excess fat mass because they have low muscle mass but
healthy weight-for-height [16]. In adults with cancer, mus-
cle mass is not strongly correlated with BMI or body surface
area, and these patients do not lose or gain fat and muscle
tissue in equal proportions. Sarcopenic obesity defines a
subgroup of patients who have high amounts of fat while
at the same time having a low amount of muscle tissue. In
adults, it is reported to be seen in between 9.3% and 17.9%
of patients studied and is correlated with many negative out-
comes [6]. In limited studies, sarcopenic obesity has been
reported to have a prevalence of 8—10% in children [7]. Obe-
sity not only contributes to low muscle mass but also impairs
function. Accumulated fat causes a systemic inflammatory
response, which can add to the already present inflammatory
state in cancer patients [16]. Sarcopenic obesity has been
documented in pediatric cancer patients and survivors, with
a negative impact on quality of life [5]. Detection of loss of
muscle and increased inter-/intramuscular fat (myosteatosis)
in these children is only possible if thresholding is applied
to CT-based measurements as opposed to only measuring
muscle area. This is one of the reasons why CT is consid-
ered to be superior to dual-energy X-ray absorptiometry in
assessing sarcopenic obesity [15].

Despite all of this, the sarcopenic obesity index used in
our study, which is a ratio of weight to muscle area, did not
correlate with event-free or overall survival. This might be
the result of our more direct approach using a singular index
for quantification. We did not evaluate myosteatosis but used
thresholding to exclude fat from muscle tissue. There are no
standard parameters or reference values to diagnose sarco-
penic obesity. Therefore, the sarcopenic obesity index might
vary at different stages of growth in children.

Although vertebral parameters have been demonstrated to
be useful to determine stature in adults [26], various authors
have used different levels or methods to estimate stature. In
children, cervical vertebrae have been used to assess growth
and development [27-29]. However, we were unable to find
a study that evaluated the prediction of stature from verte-
bral parameters at different levels in the pediatric age group.
We evaluated the T12 and L4 vertebral parameters and their
association with stature because they were also the levels at
which muscle measurements were performed. The L4 level
was chosen over the L3 because this level was studied more
in the literature for adults [26]. At both levels, vertebral vol-
ume was (albeit only slightly) more strongly correlated with
patient height. Volume calculations are cumbersome in clini-
cal practice, therefore, we preferred to use vertebral heights
at both levels. The T12 level is especially useful because it is
usually also visible on abdominal CT scans and can be used
to normalize muscle measurements for thoracic and abdomi-
nal body regions. It also appears to be better correlated with
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patient height. Nonetheless, the number of children in our
study precludes any wider generalization. If such data were
available, it would be possible to report SMI without the
need for information about patient height. Additionally, ret-
rospective evaluations from archived images would be pos-
sible in children for whom height measurements were not
recorded at the time of the CT scans (or are unavailable).

Our study has several limitations. First, available data
(such as height or weight) relied on patient records that were
obtained by different individuals on different equipment,
which might have introduced variations in measurement.
Our sample size was limited, which prevented some sub-
group analyses. This limitation also restricted our outcomes
regarding vertebral parameters, which need to be verified on
larger sample sizes. Because of the limited sample size, we
did not group children into similar age groups, which might
have affected the results. Some CT scans were performed
using intravenous contrast agents, which, despite having no
overall statistical significance, might have resulted in an error
in some subgroup analyses. Finally, measurements were only
performed by a single observer and intra- and inter-observer
reliability were not assessed.

Conclusion

Although some parameters in our study were correlated with
event-free or overall survival, we could not reliably conclude
that sarcopenia or sarcopenic obesity was associated with sur-
vival in children with Ewing sarcoma or osteosarcoma. The
change in body composition from birth to adulthood and the
lack of sound diagnostic criteria challenge research in this
field. Normalization of measurements to anatomical landmarks
such as the vertebrae should be further studied to allow for
opportunistic or retrospective assessment of body composition.
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