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Summary

Sarcopenia is an independent risk factor for morbidity and
mortality in patients suffering from small cell lung cancer (SCLC),
however, a universal indicator of sarcopenia usable in clinical
practice is still missing. A novel indicator for describing the
severity of cancer could be helpful in tailoring the anti-tumor
therapy. The aim of this study was to evaluate the computed
tomography (CT) scans of total muscle area and radiation
attenuation in patients suffering from small cell lung cancer. We
used staging CT scans performed at the time of diagnosis to
measure total muscle area (TMA) and average psoas density
(PD) at level of the 3™ lumbar vertebra. TMA and PD were
statistically evaluated in association with overall survival and
disease staging. We used Mann-Whitney test and Spearman’s
correlation coefficient for statistical testing and p-value under
0.05 was considered statistically significant. Retrospectively we
examined 47 patients suffering from SCLC (mean age
65.05+7.3 years, BMI 23.97+4.4 kg/m?, BSA 1.77+0.2 m?
30-day mortality was 4.3 % with 10 months median survival). As
sarcopenia was pointed TMA under 55 and 39 cm?*m? for men
and women respectively. The sarcopenic patients had
significantly shorter median survival (7 vs. 11 months, p=0.05).
We observed a significant relationship between survival and
performance status (Spearman’s correlation, R=-0.39, p=0.05).
The patients were divided into two groups according to the
extensive (ED, n=34) or limited (LD, n=13) form of the disease.
We observed significant difference in PD (42.49+6.1 vs.

47.67+4.5 HU, p=0.006) between ED vs. LD groups.
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Introduction

Lung cancer is the most common oncological
disease in the world. It is a severe disease with
interdisciplinary medical overlap and important socio-
economic implications for the patients and the society
(Gately 2013). In the Czech Republic it is represented in
about 15-20 % by small cell lung cancer (SCLC), that is
a very aggressive form of the disease with very poor

prognosis, treatment options, and survival periods
(Deviany et al. 2021).
Oncologic  cachexia, anorexia, phenomena

commonly observed in SCLC patients, further decrease
the patients' survival by limiting the use of aggressive
In obese SCLC patients,
cachexia might manifest as sarcopenic obesity, where the

chemotherapy. oncologic
muscle tissue is infiltrated by fat leading to loss of the
muscle strength (Aubrey et al. 2014, Goodpaster et al.
2000). However, presence of sarcopenia is a sign of
a poor prognosis regardless of the overall body weight
(Martin et al. 2013). Sarcopenia increases the risk of

cardiovascular ~ complications, the incidence of
postoperative complications, reduces physical
performance, impairs the cognitive functions, and

weakens healing of acute and chronic diseases (Pekar
et al. 2020).

Unlike non-small-cell lung cancer (NSCLC),
SCLC is regarded as a multisystem disorder with lack of
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specific therapeutic agents. The surgical treatment is
usually only possible at the time of diagnosis, and the
first-line treatment of SCLC consists of systemic
chemotherapy. However, the high systemic toxicity of the
chemotherapy limits its usage, and studies have shown
the association of delays and/or interruption of
chemotherapy with muscle wasting, resulting in shorter
survival periods (Bozzetti 2017, Vega et al. 2016).
Therefore, assessment of sarcopenic status at the time of
diagnosis has a potential to help with tailoring the
chemotherapeutic dose for both NSCLC, a carcinoma
where multiple promising therapies emerged recently,
and SCLC, where the treatment options remain limited.

field,

a universal indicator of sarcopenia available for clinical

Despite many improvements in the
management of SCLC patients is still missing. Dual-
energy X-ray absorptiometry (DXA), the gold standard
method for assessment of sarcopenia, is not available
widely enough for routine SCLC patients care. However,
multiple studies showed a strong correlation between the
computed tomography (CT) scans and presence of the
postoperative  complications, including sarcopenia
(Berkel et al. 2018, Jones et al. 2015, Martin et al. 2013).
Specifically, the single slice measurements in lumbar
vertebra levels seem to have strong predictive value in the
evaluation of sarcopenic status. Total abdominal muscle
area and the radiation attenuation measured in Hounsfield
units (HU) at the specific lumbar vertebra landmarks
correlate with the body composition approximates
provided by DXA (Mourtzakis et al. 2008). There is

Table 1. ECOG Performance Status.

apressing need for reliable method for assessing
sarcopenic status, as it could be used as an informative
factor for tailoring anti-tumor therapy to SCLC patients.

The aim of our study was to evaluate CT scans
of total muscle area and radiation attenuation in patients
suffering from SCLC as a predictive factor of their
survival.

Methods

Patient cohort

We retrospectively identified patients with the
diagnosis of SCLC confirmed by histology who were
treated at the Department of Lung disease of Vitkovice
Hospital, Ostrava, Czech Republic in the years 2010-2016.
The study was approved by The Multicentric Ethics
Committee of Vitkovice Hospital, in accordance with the
ethical standards of the Helsinki Declaration
(EK/224/2019). We evaluated patients' medical history,
including the CT documentation, BMI, the performance
status (ECOG), TMA, and PD. The next analysis was
later performed separately for patients suffering from the
extensive (ED) and limited (LD) form of the disease.

Performance status

The ECOG Scale of Performance Status was
used to evaluate a patient's level of functioning in terms
of their ability to care for themselves, daily activity, and
physical ability (Table 1) (Oken ef al. 1982).

Grade ECOG

0 Fully active, able to carry on all pre-disease performance without restriction.

; Restricted in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary
nature, e.g. light house work, office work.

5 Ambulatory and capable of all self-care but unable to carry out any work activities. Up and about more than
50 % of waking hours.

3 Capable of only limited self-care, confined to bed or chair more than 50 % of waking hours.

4 Completely disabled. Cannot carry on any self-care. Totally confined to bed or chair.

5 Dead

ECOG - the Eastern Cooperative Oncology Group (Oken et a/. 1982).

Limited and extensive form of SCLC

SCLC is described as limited if the cancer is
contained in a single area on one side of the chest, with or
without ipsilateral mediastinal or supraclavicular lymph

nodes, with or without malignant pleural effusion that can
be treated with radiotherapy to just one area. Extensive
disease does not meet the criteria of the limited one.
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The analysis of CT scans

CT muscle mass and density were measured by
asingle operator skilled in radiologic anatomy. To
analyze the body composition, we used cross sections at
the level of the third lumbar vertebra where both
transverse processes were visible (Fig. 1). We performed
the scans according to the same radiation protocol in
every patient. We defined the thickness of the CT scan
single slice to 5 mm. The muscles included into the
analysis were psoas, quadratus lumborum, erector
spinae, the external and internal obliques, transversus
abdominis and rectus abdominis muscles. The total
abdominal muscle area (TMA) and the average psoas
density (PD) were measured semi-automatically using the

IntelliSpace Portal 9.0 software (Phillips).

Fig. 1. CT scan at the 3™ lumbar vertebra. Total muscle area
(TMA) - red color, Psoas density (PD) — lime color (shows the
area for automatic calculating of density), Ribs and L3 vertebra —
white color.

Definition of sarcopenia

As sarcopenia was pointed TMA under 55 and
39 cm’/m’ for men and women respectively. Cut-off
values were used as proposed by international consensus
for cancer cachexia (Fearon et al. 2011).

Statistical analysis

We used the non-parametric Mann-Whitney
U-test and Spearman’s correlation coefficient to detect
differences between the CT scans, and p<0.05 was
considered as statistically significant (Statistica 12,
StatSoft, CZ).

Results

We retrospectively identified 47 patients with
histologically proved SCLC (25 women and 22 men, for
basic characteristic see Table 2).

Table 2. Summary of the SCLC patient cohort.

Women Men
47 patients
25 22
Age 65.05 £ 7.3 years
BMI 23.97 + 4.4 kg/m’
BSA 1.77+02 m’
Median
] 10 months
survival
TNM classification (7"l edition)
0 |TAB|ITAB | IIIAB v
Stage 0 0 1 15 31
Limited disease 13
Extensive disease 34
ECOG 0 1 2 3 4
Performance
Status 1 31 7 7 1
Cigarette Smoker Ex-smoker (Non-smoker
abuse 26 20 1
COPD - 13
Diabetes mellitus — 9
Hypertension — 28
Comorbidities Chronic kidney disease — 1
Dyslipidemia — 10
Cardiovascular disease — 10
Oncological duplicity — 8
After evaluating CT documentation and

ascertaining the mean PD and TMA, we split the patients
into two groups according to their sarcopenic status. We
evaluated the survival, and we observed significantly
shorter median survival in the group of sarcopenic
patients (7 vs. 11 months, p=0.05, Fig. 2A).

Significant relationship was observed between
survival and performance status (Spearman’s correlation,
R=-0.39, p=0.05, Fig. 2B).

The patients were divided into two groups
according to the extensive (ED, n=34 patients) or
limited (LD, n=13 patients) form of the disease. We
observed significant difference in PD (42.49+6.1 vs.
47.67+4.5 HU, p=0.006) between ED vs. LD groups
(Fig. 2C).
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Fig. 2. Survival and psoas density of
60 the patients evaluated in this study.

* Mann-Whitney test, p<0.05,
T ** Mann-Whitney test, p<0.01.
(A) Box plot representing survival of
sarcopenic and non-sarcopenic
patients. The horizontal line of each
box indicates the median survival, box
borders indicate positions of the
1% and the 39 quartile, and the
whiskers indicate 1.5x the
interquartile range. (B) Comparison of
patient survival depending on ECOG
performance class. We present box
plots as well as the individual
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Discussion

Measured muscle area below the physiological
values in patients is a sign of sarcopenia or cachexia that
is the image of poor nutritient and physical performance
status of the patients (Bucar Pajek and Pajek 2018). Both
conditions lead to worsening of anastomosis and wounds
healing, raise the probability of postoperative
complications and decreased survival in cancer patients
(Gaillard et al. 2018, Jones et al. 2015, Zhang et al.
2018). Sarcopenia is associated primarily with high age
(Baumgartner 2000, Zadék 2016), low level of physical
activity, heritability, and other possible confounders
(Sayer et al. 2008).

The studies show, that

indicators can be effective predictors of mortality in

some sarcopenic
cancer patients. Sarcopenic patients do not tolerate
aggressive chemotherapy, leading to prolongation or
interruption of the chemotherapeutic cycles (Bozzetti
2017, Vega et al. 2016). The precise cause of the higher
toxicity is not yet known. One possible reason is that the
calculation of the chemotherapeutic dose does not
consider features of body composition. The calculation
usually includes body height, weight, selected laboratory
parameters, and BSA in obese SCLC patients. However,
of body
muscle mass, has

includes features
skeletal

a potential to provide a dose the patient can tolerate

the calculation that
composition, such as
better. It is, therefore, imperative to find informative
indicators of sarcopenia that are available in the clinical
practice.

Skeletal muscle radiation attenuation measured
from CT scans indicates the ectopic lipid deposits in
muscles, that impair its functionality and are visually not

T T
Limited Extensive
disease disease

20 survivals. (C) Box plot depicting psoas
density measured in patients with
limited (n=13) or extensive (n=34)
stage.

identified as fat in CT image (Berkel et al. 2018, Engelke
et al. 2018). Increasing the phantom’s lipid concentration
by 1 g/100 ml decreased its attenuation by 1 HU (Berkel
et al. 2018). This statement observed in obese population
is defined as sarcopenic obesity. However the radiation
attenuation could be observed as well in non-obese
patients, who are in high risk of postoperative
complications (Van Dijk ef al. 2017).

There are two different approaches to the
evaluation of body composition: DXA measurement and
CT scans. Both of them have their advantages and
disadvantages, as well (Mourtzakis et al. 2008). DXA is
more complex, it has smaller dose of radiation, it scans
the whole body, and it is a cheap and fast examination,
however it is not a part of standard staging examination.
CT scans on the other hand, are more detailed and depict
the muscle structure. They are available in daily hospital
practice and diagnostic staging CTs are routinely
performed in the time of cancer diagnosis onset, so
CT images for future analysis are available with no extra
costs.

A typical imagining technique in cancer
cachexia is the analysis of a single CT scan at the level of
L3. The trunk muscle area at the L4-5 level or 5cm
above is highly correlated with the total body skeletal
muscle volume (Engelke ef al. 2018). However, CT scans
measurements depend on the quality of software and
greatly depend on the skills of a person, who provides the
manual part of images” assessment. Generally in various
studies this is limited by the evaluations by a single
operator. Furthermore, the evaluation procedure takes
approximately 10 min per one patient. Nowadays some
fully automated software was developed (Paris et al. 2020).

Presence of sarcopenia was associated with poor
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prognosis in SCLC patients. Therefore, the importance of
patients” risk stratification is obvious. Hence, we consider
important further exploration and implementation of new
technologies and investigations that can serve to identify
patients in risk. We consider introducing another CT scan
scoring system as a simple tool for predicting the risk in
patients and thus stratifying risk groups of patients who
require a more proactive approach. The more we know
about patients” personal claims, the more we are able to
tailor their therapy, point to nutrition and physical
recovery and to prepare them for chemotherapy
administration.

TMA reflects muscle quantity rather than its
quality. The novel definition of sarcopenia is based on
both — the loss of volume and strength of muscles.
Another indicator PD

information about the muscle quality, because the

sarcopenia contains more
radiation attenuation indicates the lipid deposits in
muscles that impair its function not affecting its volume.
Therefore TMA in combination with PD might be the
ideal sarcopenic indicators for daily practice.

The true value of TMA and PD — the new
sarcopenic indicators — as predictors for cancer mortality
has to be identified in future studies. Further studies

should be provided as well to eliminate the statistical
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