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Abstract: Background: We evaluated nutritional and sarcopenia status and their clinical impact in
pediatric patients affected by bone and soft tissue sarcomas. Methods: Body mass index (BMI), prog-
nostic nutritional index (PNI), and total psoas muscle area (tPMA) at diagnosis and after 12 months
were analyzed. tPMA was measured from single cross-sectional computed tomography (CT) images
at L4–L5. Age-specific and sex-specific tPMA Z-scores were retrieved from an online calculator.
Results: A total of 21 patients were identified between February 2013 and December 2018. Twelve
patients (57.1%) experienced sarcopenia at diagnosis, although not statistically associated with overall
survival (OS) (p = 0.09). BMI Z-score, PNI, and tPMA Z-score significantly decreased between diag-
nosis and after 12 months of treatment (p < 0.05). Univariate analysis showed significant associations
between poor OS and the presence of metastasis (p = 0.008), the absence of surgery (p = 0.005), PNI
decrease (p = 0.027), and the reduction in tPMA > 25% (p = 0.042) over the 12 months. Conclusions:
Sarcopenia affects more than half of the patients at diagnosis. Decreased PNI during 12 months of
treatment has significant predictive value for OS. The role of tPMA derived from CT scan among
pediatric patients with sarcoma should be investigated in further prospective and larger studies.

Keywords: soft tissue sarcoma; bone sarcoma; pediatric patients; chemotherapy; psoas muscle area
(PMA); sarcopenia; personalized medicine
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1. Introduction

Nutritional status plays a key role in the growth, response to treatment, related
complications, quality of life, cost of care, and hospital stay of pediatric patients admitted for
various types of illness [1]. In 2013, the Academy of Nutrition and Dietetics of the American
Society of Parenteral and Enteral Nutrition (ASPEN) defined pediatric malnutrition status
as “an imbalance between nutritional needs and nutrient intake, resulting in a cumulative
deficit of energy, protein, or micronutrients that may adversely affect growth, development,
and other clinical outcomes” [2].

Pediatric hospital malnutrition is still an underestimated problem, although it results
in significant morbidity and mortality among hospitalized children. Several studies have
reported a prevalence of 6–51% of this condition among hospitalized pediatric patients [3,4].
The European Society for Clinical Nutrition and Metabolism at Risk (ESPEN) and the Euro-
pean Society for Gastroenterology, Hepatology, and Nutrition (ESPGHAN) recommend
screening for nutritional risk in hospitalized children on admission to the ward to facilitate
the identification of nutritionally at-risk children and to allow the physician to prepare an
appropriate nutritional support plan [5–7].

In children hospitalized for cancer, malnutrition constitutes a very common compli-
cation, and it is influenced by the type and extent of disease, the intensity of treatment,
and the patient’s living conditions [8]. In these patients, the inflammatory response of the
underlying disease induces high-energy expenditure and protein catabolism with a net
lean body mass loss. In addition, gastrointestinal symptoms such as nausea, vomiting,
and lack of appetite (caused by the therapy and/or the tumor) further aggravate the state
of protein-energy malnutrition, sometimes exacerbating the toxic effects of therapy and
susceptibility to complications [9].

Early identification of the risk and presence of malnutrition, coupled with rapid and
personalized nutritional intervention, could, in turn, enhance treatment adherence, reduce
treatment complications, and improve patients’ quality of life [10–12].

The prognostic nutritional index (PNI) is calculated using the serum albumin con-
centration and peripheral blood lymphocyte count. PNI has been recognized as a valid
indicator of the nutritional and immune status among cancer patients and as an indepen-
dent prognostic indicator of various malignant tumors [13–16].

Numerous studies have tried to quantify the effect of malnutrition on the survival
of pediatric cancer patients, showing a close relationship between the body mass index
(BMI) and mortality [17]. However, the BMI is a nutritional indicator based on the weight
and height of the patient, without taking into account the real body composition and the
proportions of fat and lean tissue. On the other hand, the loss of muscle tissue and the
alteration of body composition may occur as an effect of malnutrition, regardless of weight
changes [18]. In pediatric patients with neoplasms, sarcopenia may coexist in the context
of malnutrition, amplifying its negative impact on the patients’ prognosis. Sarcopenia
is a pathological condition, characterized by a progressive and generalized reduction in
the quantity, quality, and strength of muscle mass, more or less associated with reduced
physical performance. It is a major cause of physical disability, poor quality of life, loss
of self-sufficiency, and death [19,20]. Despite that sarcopenia is generally associated with
aging (primary sarcopenia) [21], there are many inflammatory conditions (such as chronic
inflammatory diseases and cancer) yielding its occurrence even at a young age as an effect
of the catabolic state (secondary sarcopenia) [22]. The development of sarcopenia in adult
cancer patients is closely linked to an increase in mortality and morbidity, independently
from the BMI variation [23,24]. In the pediatric age, the presence of sarcopenia has been
linked to the mortality and morbidity of numerous chronic diseases and in patients with
aggressive and disabling malignant pathologies, even if the evidence is still scarce [25,26].

There are several ways to assess muscle mass and possible sarcopenia status in clinical
practice [27]. In adults, the skeletal muscle mass index (SMI) is calculated from the skeletal
muscle area (SMA) (cm2) divided by the square of the patient’s height (m2) [28–30]. SMI is
indicative of sarcopenia if less than 55 cm2/m2 in males and 39 cm2/m2 in females [31,32].
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This method has been widely adopted for the analysis of muscle mass in adult patients
with neoplasia, as well as in patients with liver disease, patients in intensive care units, and
patients undergoing surgery [33–36]. Recently, Lurz et al. generated age- and sex-specific
curves related to total psoas muscle area (tPMA) derived at L3–L4 or L4–L5, which can be
used for pediatric patients aged 1 to 16 years. From them, the Z-scores of the PMA can be
derived through a calculator available online (https://ahrc-apps.shinyapps.io/sarcopenia/
(accessed on 15 December 2021)) and easily identify the presence of sarcopenia [37]. Al-
though Lurz et al. analyzed tPMA at both L3–L4 and L4–L5 levels, tPMA at L4–L5 seems
to be more relevant in the pediatric age group, because at this level the psoas muscle shape
is also rounder than at L3–L4, allowing for more accurate contour drawing. In addition,
L4–L5 is the reference level for the assessment of visceral adipose tissue, so an analysis
at this level is a reliable measure of both skeletal muscle and adipose tissue [38,39]. Bone
and soft tissue sarcomas of childhood are highly aggressive pathologies, which require
intensive chemotherapy treatments and can be burdened by a high rate of immobilization
resulting from surgical procedures or pain. Prolonged immobilization further causes a
reduction in muscle mass and strength, with a consequent possible worsening of the state
of sarcopenia [40].

In the present study, we evaluate body composition changes, sarcopenia assessed by
the evaluation of PMA obtained from computed tomography (CT) scans, and their impact
on the survival and prognosis of pediatric patients with bone and soft tissue sarcomas.

2. Materials and Methods
2.1. Study Endpoints

The primary endpoint was:

- To describe the clinical characteristics, nutritional status (defined by the BMI and
the PNI), and the presence of sarcopenia (defined by the measurement of tPMA
detected by axial CT images of the L4–L5 vertebrae) at diagnosis and after 12 months
of chemotherapy in pediatric patients with bone and soft tissue sarcomas.

The secondary endpoints were:

- To evaluate the association between clinical characteristics, nutritional status, and the
presence of sarcopenia (at diagnosis) with overall survival (OS);

- To evaluate the association between the presence of sarcopenia (at diagnosis) with any
infectious complications due to treatment (defined as the number of hospitalizations
for febrile neutropenia in the 12 months of observation).

2.2. Study Design, Patients’ Characteristics, Ethical Approval, Inclusion, and Exclusion Criteria

In this observational pilot study, data from twenty-two pediatric patients with a new
diagnosis of bone and soft tissue sarcoma, admitted at the Pediatric Oncology Unit of the
Fondazione Policlinico Agostino Gemelli IRCCS from February 2013 to December 2018,
were retrospectively analyzed.

The ethical approval was obtained from the Ethics Committee of our institution
(Protocol ID 4211, Approval Letter Number 36155/21). Informed consent was obtained
from the parents or the legal guardians of the enrolled patients. The study was carried out
following the Helsinki Declaration of Human Rights.

Inclusion criteria were: diagnosis of bone or soft tissue sarcomas (Ewing sarcoma,
rhabdomyosarcoma, desmoplastic tumor), age between 1 and 16 years, and staging of the
disease by CT scan of the abdomen at diagnosis and after 12 months of treatment.

The exclusion criterion was the absence of CT images available at the time of data
analysis.

2.3. Clinical Data and Nutritional Assessment

For each patient, the following data were collected:

- Demographic characteristics (age, sex, ethnicity);

https://ahrc-apps.shinyapps.io/sarcopenia/
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- Data related to the neoplastic disease (histology, primarily affected site, date of diag-
nosis, and presence of metastasis at diagnosis);

- Type and duration of the treatment (chemotherapy protocol, radiotherapy, and high-
dose chemotherapy with autologous transplantation);

- Surgery during the 12 months of observation;
- Five-year OS defined as the time from the day of diagnosis to death from any cause in

five years after diagnosis;
- Data on treatment-related infectious complications (febrile neutropenia that required

hospitalization and intravenous antibiotic therapy) in the 12 months of observation.

For each patient, the assessment of nutritional status was performed according to the
following variables: BMI, BMI Z-score, PNI, and tPMA at diagnosis and after 12 months.

The BMI was calculated with the formula: weight (kg)/height (m2). The BMI Z-score
was calculated with “PediTools-Clinical tools for pediatric providers”, available on the
internet (https://peditools.org/, last (accessed on 20 September 2021)). The change in BMI
(∆BMI) over the 12 months was calculated with the formula: ((BMI after 12 months—BMI
at diagnosis)/(BMI at diagnosis)) × 100.

The PNI, as an indicator of the nutritional and inflammatory status, was calcu-
lated according to the formula: (10 × serum albumin (g/dL)) + (0.005 × number of
lymphocytes/µL). The change in the PNI (∆PNI) over the 12 months was calculated with
the formula: ((PNI after 12 months − PNI at diagnosis)/(PNI at diagnosis)) × 100.

To evaluate the presence of sarcopenia, tPMA was measured from single cross-sectional
abdominal CT images at the level of L4–L5 at diagnosis and after 12 months of treatment.
The tPMA expressed in mm2 was obtained using the SliceOmatic software v5.0 (Tomovision,
Montreal, QC, Canada) and was measured at the level of L4–L5 because most clinically
relevant and useful according to Lurz et al. [37]. A calculator available online (https://ahrc-
apps.shinyapps.io/sarcopenia/) (accessed on 15 December 2021) was used to obtain the tPMA
Z-scores in relation to sex and age of the patient. The degree of sarcopenia was defined by
the following parameters: mild for <−1 Z-score, moderate for <−2 Z-score, severe for <−3
Z-score. The change in tPMA (∆tPMA) over the 12 months was calculated with the formula:
((tPMA after 12 months—tPMA at diagnosis)/(tPMA at diagnosis)) × 100.

2.4. Sample Size and Statistical Analysis

Given the lack of data on the presence and degree of sarcopenia in the population of
interest, we set the sample size for this pilot study at n = 22 patients. This number intercepts
various expected proportions, with a confidence level of 95% and a margin of error ranging
from a minimum of 4.16% (for an expected proportion of 1%) to a maximum of 20.89 (for
an expected proportion of 50%).

Continuous data are given as median and interquartile range (IQR: 25–75◦ percentile)
and were compared using Mann–Whitney U tests. Categorical data are presented as
absolute and percentage frequencies and were compared using the Chi-squared test or
Fisher Exact Test, where appropriate. The study of the correlations was carried out using
Pearson’s test.

OS was estimated by the Kaplan–Meier method and was tested with the log-rank
test. OS was defined as the time between diagnosis and death, expressed in months.
A Cox regression proportional hazards model was constructed to assess the prognostic
significance of covariates. The hazard ratio (HR) with 95% CI was reported as an estimate
of the risk of death. All statistical analyses were performed using XLSTAT version 2021.3.1
by Addinsoft. Values of p < 0.05 were considered statistically significant.

3. Results
3.1. Clinical Characteristics, Nutritional Status, Sarcopenia at Diagnosis and 12 Months

A total of 22 patients diagnosed with a bone or soft tissue sarcoma and treated at our
center were included between February 2013 and December 2018. Only one patient was
excluded, due to the impossibility of obtaining the CT images at12 months after diagnosis.

https://peditools.org/
https://ahrc-apps.shinyapps.io/sarcopenia/
https://ahrc-apps.shinyapps.io/sarcopenia/
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Demographic and clinical characteristics of the enrolled population are reported in
Table 1.

Table 1. Clinical characteristics, nutritional status, and sarcopenia at diagnosis (n = 21).

Characteristics Number of Patients (%) or Median IQR

Age (months) 125.6 (78.7; 181.5)
Sex (male) 11 (52.4)
Histology

Ewing sarcoma 14 (66.6)
Rhabdomyosarcoma 6 (28.6)
Desmoplastic tumor 1 (4.8)

Primary localization
Bone 13 (61.9)
Soft tissue 8 (38.1)

Presence of metastases at diagnosis 9 (42.9)
BMI (kg/m2) 17.4 (15; 19.6)
BMI (percentile) 41.7 (0.9–86.2)
BMI Z-Score −0.23 (−0.89; 0.85)
PNI 48.1 (45.2; 53.2)
tPMA L4–L5 (mm2) 13.21 (8.79; 19.38)
tPMA L4–L5 Z-Score −1.01 (−1.71; −0.35)
Nonsarcopenic patients 9 (42.8)
Sarcopenic patients 12 (57.1)

Mild 8 (38.1)
Moderate 4 (19.1)
Severe 0 (0)

Progressive disease 13 (61.9)
Deaths 11 (51.4)

Abbreviations: tPMA, total area of the psoas muscle; BMI, body mass index; IQR, interquartile range; PNI,
prognostic nutritional index.

Eleven (52.4%) patients were male, and ten (47.6%) were female, with a median age of
125.6 (78.7; 181.5) months. There were 14 (66.6%) diagnoses of Ewing sarcoma, 6 (28.6%) of
rhabdomyosarcoma, and 1 (4.8%) of desmoplastic tumor.

At diagnosis, no patient could undergo complete resection of the primitive mass. As
per EpSSG RMS 05 protocol, all patients with rhabdomyosarcoma or desmoplastic tumor
who did not have metastases at diagnosis and who could not undergo complete resection
of the mass were classified as stage III, while those with metastases were classified as stage
IV. Similarly, all patients with Ewing’s sarcoma without metastases at diagnosis and who
could not undergo complete resection of the mass were classified as stage III, and those
with metastases were classified as stage IV.

At diagnosis, the median of the BMI Z-score was −0.23 (−0.89; 0.85), the median of
PNI was 48.1 (45.2; 53.2), and the median of the tPMA Z-score was −1.01 (−1.71; −0.35). At
diagnosis, 12 (57.2%) were sarcopenic, 8 (38.1%) mild, and 4 (19.1%) moderate sarcopenic.
None were diagnosed with severe sarcopenia.

Patients with Ewing sarcoma were treated according to the EURO-EWING99 proto-
col: 4 (28.6%) of them received high-dose chemotherapy with busulfan and melphalan,
followed by autologous stem cell transplantation, 3 (21.4%) underwent radiotherapy, and
13 (92.9%) underwent surgical excision of the primary residual mass. Patients with rhab-
domyosarcoma and desmoplastic tumor were treated according to the EpSSG RMS 05
protocol. None received high-dose chemotherapy or radiotherapy. One patient with rhab-
domyosarcoma and desmoplastic tumor required primary tumor surgery, followed by
chemotherapy according to the EpSSG NRSTS 05 protocol.

At the time of the analysis, 11 patients (52.4%) were dead, and 13 patients (61.9%) had
disease progression.

Table 2 shows the comparison of nutritional variables at diagnosis and 12 months after
the beginning of treatment. The differences in terms of presence of sarcopenia at diagnosis
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and after 12 months of treatment were not statistically significant, whereas significant
differences were observed for the BMI Z-score, the PNI, and the tPMA Z-score.

Table 2. Comparison of nutritional status variables and sarcopenia status rates at diagnosis and after
12 months of treatment.

Variables
Diagnosis
(Median (25◦; 75◦) or
Number of Patients (%))

12 Months
(Median (25◦; 75◦) or
Number of Patients (%))

p Value

BMI (kg/m2) 17.4 (15; 19.6) 17.0 (13.6; 19.2) 0.25
BMI (percentile) 41.7 (0.9–86.2) 12.2 (3.9–72.9) 0.28
BMI Z-score −0.23 (−0.89; 0.85) −1.17 (−2.11; 0.48) 0.01
PNI 48.1 (45.2; 53.2) 39.6 (35.7; 45.6) 0.001
tPMA L4–L5 (mm2) 13.2 (8.8; 19.4) 11.5 (9.95; 18.48) 0.31
tPMA L4–L5 Z-score −1.01 (−1.71; −0.35) −1.46 (−2.57; −1.11) 0.005
Nonsarcopenic patients 9 (42.8) 5 (23.8) 0.32
Sarcopenic patients

Mild 8 (38.1) 8 (38.1) 0.999
Moderate 4 (19.1) 8 (38.1) 0.29
Severe 0 (0) 0 (0) -

Abbreviations: tPMA: total area of the psoas muscle; BMI: body mass index; PNI prognostic nutritional index.

Figure 1 represents the change of tPMA, measured from single cross-sectional abdomi-
nal CT images at the level of L4–L5 in the same patient at diagnosis and after 12 months of
treatment.
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Figure 1. tPMA (in red color) measured from single cross-sectional abdominal CT images at the level
of L4–L5 in the same patient, at diagnosis, and after 12 months of treatment.

3.2. Association between Clinical Characteristics, Nutritional Status, Sarcopenia,
and Overall Survival

Among the sarcopenic patients at diagnosis, seven (58.3%) were affected by Ewing
sarcoma and five (41.7%) by rhabdomyosarcoma (p = 0.16).

Table 3 describes the potential associations between clinical and nutritional variables
and OS, as a result of Cox proportional hazards analysis. The presence of mild or moderate
sarcopenia at diagnosis was not statistically associated with OS (HR = 3.19 (0–82–12.36);
p = 0.09). In the univariate analysis, the presence of metastasis, the absence of surgery
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during the 12 months, the ∆PNI, and a reduction of PMA greater than 25% over 12 months
were significantly associated with poor OS.

Table 3. Univariate analysis of clinical characteristics, nutritional status, and sarcopenia for
overall survival.

HR (95%CI) p Value

Absence of sarcopenia at diagnosis 0.63 (0.18–2.15) 0.461
Mild sarcopenia at diagnosis 0.8 (0.24–2.75) 0.726
Moderate sarcopenia at diagnosis 3.19 (0.82–12.36) 0.09
Ewing sarcoma 0.35 (0.1–1.15) 0.08
Rhabdomyosarcoma 2.86 (0.86–9.4) 0.08
Presence of metastases at diagnosis 6.07 (1.59–23) 0.008
High-dose chemotherapy 0.39 (0.05–3.13) 0.38
Radiotherapy 0.49 (0.06–3.83) 0.49
Absence of surgery 0.17 (0–0.6) 0.005
BMI at diagnosis 1.02 (0.96–1.07) 0.52
PNI at diagnosis 1 (0.95–1.07) 0.76
tPMA L4–L5 Z-score at diagnosis 1 (0.52–2) 0.95
∆BMI 1.01 (0.97–1.01) 0.59
∆PNI 0.966 (0–0.99) 0.027
∆tPMA L4–L5 0.97 (0.94–1) 0.122
∆tPMA L4–L5 > −25% 4.14 (1.05–16.3) 0.042

Abbreviations: tPMA: total area of the psoas muscle; BMI: body mass index; PNI prognostic nutritional index;
∆BMI (the change of BMI over the 12 months of treatment); ∆PNI (the change of PNI over the 12 months of
treatment); ∆tPMA (the change of PMA over the 12 months); ∆tPMA L4–L5 > −25% (reduction of PMA greater
than 25% over 12 months).

3.3. Association between Sarcopenia and Infectious Complications

The median number of febrile neutropenic episodes that require hospitalization and in-
travenous antibiotic therapy was 3 (IQR = 3–7) in nonsarcopenic patients, 2.5 (IQR = 0.5–4.5)
in mild sarcopenic patients, and 5 (IRQ 1–5.5) in moderate sarcopenic patients. The compari-
son between the median number of febrile neutropenic episodes that require hospitalization
and intravenous antibiotic therapy was not statistically different among the nonsarcopenic,
mild sarcopenic, and moderate sarcopenic groups at diagnosis, as shown in Figure 2a. Ad-
ditionally, the median number of febrile neutropenic episodes that require hospitalization
and intravenous antibiotic therapy was 2 (IQR = 2–5.75) in patients with ∆tPMA L4–L5
< −25% and 2 (IQR = 3.5–5) in patients with ∆tPMA L4–L5 > −25%. The comparison
between the median number of febrile neutropenic episodes that require hospitalization
and intravenous antibiotic therapy was not statistically different among the patients with
∆tPMA L4–L5 < −25% and patients with ∆tPMA L4–L5 > −25%, as shown in Figure 2b.
The study of correlations using Pearson’s test showed that there was no association between
∆ tPMA L4–L5 and the number of febrile neutropenic episodes (r = −0.25; p = 0.06) and
between ∆BMI and the number of febrile neutropenic episodes (r = −0.3; p = 0.1). A weak
association was observed between ∆PNI and the number of febrile neutropenic episodes
(r = 0.1; p = 0.01).
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4. Discussion

This is a pilot retrospective study investigating sarcopenia and nutritional status at
diagnosis among inpatient children affected by cancer and their potential clinical impact.
The recently published study of Lurz et al. defining pediatric reference curves for tPMA
allowed us to diagnose sarcopenia in children using CT scan [37]. Indeed, by using the
reference curves we observed that sarcopenia in children with cancer at diagnosis is a
greatly more widespread condition than we might have expected. We can speculate that the
cause of this phenomenon could be found in the pathogenetic mechanisms of sarcopenia.
Secondary sarcopenia is caused by the coexistence of multiple pathogenic mechanisms
involving the increase in apoptotic activity in muscle cells, the production of inflammatory
cytokines such as tumor necrosis factor (TNF)-alpha and interleukin (IL)-6, the presence of
oxidative stress, and accumulation of oxygen radicals, low energy and protein intake [41].
Even before the tumor diagnosis, it is possible that these mechanisms, especially the
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neoplastic, inflammatory, microenvironmental (TNF, IL-1, proteolysis-inducing factor), and
physical inactivity [42], play a role in the pathogenesis of sarcopenia. In our opinion, such
a high rate of sarcopenia at diagnosis in children with soft tissue and bone sarcomas could
also be related to the diagnostic delay of these tumors [43].

By comparing the mean value of tPMA at diagnosis and after 12 months, we observed
a statistically significant reduction in the tPMA Z-score. This change during treatment may
probably be caused by an inadequate intake of energy or proteins (due to anorexia, nausea,
vomiting, malabsorption related to the oncologic treatments), already associated with the
inflammatory state and hypomobility [42]. A reduced intake of nutrients during cancer
treatment can be associated with sarcopenia diagnosis or can worsen its severity if already
present before initiating treatment. As observed by Chindapasirt et al., sarcopenia may
produce a vicious circle, causing the worsening of the patient’s inflammatory status [44].
In our population, this resulted in the fact that after 12 months of treatment only 23% of
the patients did not develop sarcopenia. A previous report also showed an increased rate
of pediatric sarcopenia status during treatment of acute lymphoblastic leukemia, but the
authors assessed the skeletal muscle mass using dual-energy X-ray absorptiometry scans
without exactly defining sarcopenia status at diagnosis [45]. In our study, the incidence of
sarcopenia in children with cancer and its variations during treatment have been precisely
defined from the analysis of CT scan routinely used at diagnosis for the staging of sarco-
mas. This means that the diagnosis of sarcopenia was easily made without the need for
supplementary procedures and additional costs.

Furthermore, BMI Z-score and PNI significantly decreased from diagnosis to 12
months after treatment. The mechanisms underlying the reduction of BMI Z-score and PNI
could be similar to those of the reduction in muscle mass in children with cancer. PNI is
a nutritional and inflammatory marker associated with survival in numerous studies of
cancer patients. It is calculated on the basis of albumin values, which are compromised both
by the inflammatory status and the reduced protein intake and by lymphocytes, whose
values may also be affected by myelotoxic chemotherapy [14].

The univariate analysis showed that metastatic disease, the absence of surgery during
the 12 months, the ∆PNI and ∆tPMA L4–L5 > −25% adversely affected the prognosis of the
population studied. This has not been shown for the change in BMI. Indeed, BMI is not a
marker of muscle mass, especially in inflammatory conditions. The decline in visceral and
muscle proteins generally occurs with an increase in extracellular volume, so body weight
and BMI may vary little until cachexia becomes evident [46]. It has also been observed that
pediatric patients with poor prognosis frequently have a high BMI due to an excess of fat or
edema. In recent decades, sarcopenic obesity has emerged as a pathological condition with
a loss of muscle tissue associated with an increase in adipose tissue and body weight [47].
The presence of sarcopenic obesity may adversely affect the prognosis of adult patients
with cancer [47,48]. The lack of significance of the variation of the BMI Z-score as a negative
prognostic factor in our population is probably the result of this mechanism.

As we have observed in children with soft tissue and bone sarcomas, a relationship
between tPMA and survival has also been demonstrated in children with hepatoblastoma
and neuroblastoma [49,50]. Ritz et al. observed that tPMA in children with hepatoblastoma
was significantly lower than in healthy controls, even in the presence of normal body
weight and height. Moreover, children with tPMA under the fifth percentile showed an
increased risk of relapse and liver transplant [49]. Finally, Kawakubo et al. analyzed the
rate of change in the tPMA of L3 level on CT images before and after treatment in fifteen
children with high-risk neuroblastoma. They found shorter progression-free survival (PFS)
and OS in the group of patients who presented a reduced skeletal muscle mass during the
treatment [50].

Unlike the study conducted by Rayar et al. in children with acute lymphoblastic
leukemia, the presence of sarcopenia at diagnosis and the reduction of tPMA during
treatment seem not to influence the number of infectious episodes recorded during the
observation [45]. However, Rayar et al. conducted their studies among children with
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leukemia during the induction treatment when infections are very frequent due to the
intensity of the treatment to leukemia itself, which compromises the immune system [45].
Moreover, during treatment, children with leukemia undergo a modification of the gut
microbiome, which can affect the nutritional status of the patients, causing an increase in
infectious episodes [51]. In soft tissue and bone sarcomas, the treatment has a decisively
lower myeloablative effect compared to the induction phase of leukemia with a consequent
lower incidence of infectious episodes.

Our results failed to show a significant reduction in skeletal muscle mass during
treatment as a prognostic value. It could be due to the small sample size of the population
studied, representing the main limitations of this pilot study. However, we showed a
significant reduction in tPMA between diagnosis and 12 months after treatment at an age
in which muscle mass and weight should physiologically increase. Moreover, this is the
first study that used tPMA measurement in the clinical setting as a marker of sarcopenia
in childhood cancer. We acknowledge that tPMA is easy to use and can be determined
through a routinely abdominal CT. Since all patients with soft tissue and bone sarcoma
undergo numerous disease stages with abdominal CT, tPMA can be simply performed also
during the treatment and the follow-up visits. Further studies with a more robust design
and higher sample size are warranted to confirm or rebut our results.

5. Conclusions

Sarcopenia may occur in pediatric patients with soft tissue and bone sarcoma already
at diagnosis. The diagnosis of sarcopenia can be easily performed by measuring the tPMA
from single cross-sectional abdominal CT images at the level of L4–L5, according to tPMA
Z-scores specific for the sex and age of the patients. Our study showed a reduction of
tPMA Z-scores between diagnosis and at 12 months of treatment. This could be crucial for
OS, tolerance, and the response to the treatment; therefore, careful surveillance should be
performed, to allow the implementation of nutritional and physical rehabilitation measures.
Furthermore, significant differences in BMI Z-scores and PNI may be observed after 12
months of treatment, and consequently, nutritional and immune status should be closely
monitored throughout the treatment.

Prospective and larger studies may help to better investigate the role of tPMA derived
from CT scan in this particular setting of patients, to implement their use in the clinical
practice, allowing a therapeutic approach as personalized as possible.
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