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Abstract
Purpose Cancer cachexia and sarcopenia are frequently ob-
served in cancer patients and associated with poor survival.
The majority of studies of cancer cachexia and sarcopenia have
been done in patients with solid tumors of different origins, and
there are currently no good predictors of the benefit of chemo-
therapy or factors that predict survival in advanced cancer.
The purpose of our prospective study was to evaluate prev-
alence of cachexia and sarcopenia using international consen-
sus definition and criteria for diagnosis in patients with diag-
nosed advanced non-small cell lung cancer (NSCLC) stage
IIB and IV and their relation to chemotherapy toxicity and
survival prediction. A secondary aim was to compare several
biochemical markers (CRP, IL-6, protein, and albumin) with
time to tumor progression in order to assess prognostic value
or to guide a treatment.
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Methods Between December 2013 and April 2015, the pro-
spective cohort study of 100 Caucasian patients with ad-
vanced NSCLC stage I1IB or IV, who were referred consecu-
tively to Department for Respiratory Diseases “Jordanovac,”
was evaluated. Anthropometric measurements and biochemi-
cal data (CRP, albumin, protein, IL-6, haemoglobin) together
with body composition measurements (total muscle cross-
sectional area, lumbar skeletal muscle index) were obtained
for each patient before starting with platinum-doublet therapy.
Skeletal muscle cross-sectional area at the third lumbar verte-
bra was measured by computerized tomography, and
sarcopenia was defined using a previously published cutoff
point. Toxicity was assessed after cycle 1 of treatment and
time-to-tumor progression was determined prospectively.
Results One hundred patients with advanced lung cancer were
recruited: 67 were male and median age was 64 years. The
median time to disease progression was 187 days. The prev-
alence of cachexia and sarcopenia in study cohort was 69 and
47 %, respectively. CRP, IL-6, and albumin concentration in
cachectic compared to non-cachectic patients demonstrated
statistically significant difference (p=0.020, p=0.040,
p=0.003). Cachexia and sarcopenia were not found to be
predictors of chemotoxicity nor was time to tumor progres-
sion. On the contrary, albumin concentration with established
cutoff point of 37.5 g/LL was clearly proved as the predictive
factor of both chemotoxicity (OR (95 % CI)=0.85; p<0.001)
and survival (HR (95 % CI)=0.55).

Conclusions Albumin level has been shown to be more im-
portant predictive marker of chemotherapy toxicity and sur-
vival than cachexia and sarcopenia are. This approach in clin-
ical settings can be used to guide the choice of oncologic
treatment.

Keywords Cancer cachexia - Sarcopenia - Non-small cell
lung cancer - Chemotherapy toxicity
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Introduction

According to international consensus, cancer cachexia is de-
fined as a multifactorial syndrome characterized by an ongo-
ing loss of skeletal muscle mass (with or without functional
impairment) that cannot be fully reversed by conventional
nutritional support and leads to progressive functional impair-
ment [1].

Patients who have more than 5 % loss of stable body
weight over the past 6 months, a body mass index (BMI) less
than 20 kg/m” and ongoing weight loss of more than 2 %, or
sarcopenia and ongoing weight loss of more than 2 % are
classified as having cachexia [1].

For a long time, cachexia has been recognized as an ad-
verse effect of cancer with reduced physical function and
poorer performance status (PS) [2, 3], increased risk of che-
motherapy toxicity [4, 5], and reduced survival [6, 7]. Lung
cancer is a leading cause of death worldwide with non-small
cell lung cancer (NSCLC) being the most common type of
lung cancer. Approximately 60 % of lung cancer patients
show significant loss of weight at the time of diagnosis, and
more than 10 % of patients die with or from cancer cachexia
itself [8].

Besides performance status and weight loss, other factors
such as systemic inflammation have been shown to indepen-
dently predict survival in advanced lung cancer.

Over the last 10 years, the term sarcopenia, as a part of
cancer cachexia syndrome, has been recognized as clinically
important [7]. It is characterized by progressive loss of skeletal
muscle mass, muscle strength, and physical performance [9].

Many different techniques have been used to measure mus-
cle mass, but only few have been incorporated into routine
practice of cancer patients: computed tomography (CT), mag-
netic resonance imaging (MRI), dual-energy X-ray absorpti-
ometry (DEXA) scans, and bioelectrical impedance analysis.
The current gold standard in body composition research is CT
scan which is a part of many cancer patients’ diagnostic and
treatment assessment. NSCLC has strong association with
loss of muscle mass (defining 47 % of patients to be
sarcopenic) [10].

Systemic inflammation is a common feature of chronic
disease [11] and plays a pivotal role in the pathogenesis of
cachexia [7, 12]. Imbalance between proinflammatory
(TNF-«, IL-1, IL-6, IFN-y) and anti-inflammatory (IL-4,
IL-12, IL-15) cytokines [13] is currently believed to con-
tribute to cachexia. High levels of IL-6 correlate with high
C-reactive protein (CRP) values and concomitant body
weight loss [14, 15].

The aim of the present study was to obtain prevalence of
cancer cachexia and sarcopenia in patients with advanced lung
cancer using criteria for definition and diagnosis [1]. The sec-
ond aim was assessing determinants for chemotherapy toxic-
ity and prognostic factors for survival.
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Methods

A prospective study was conducted in Department for
Respiratory Diseases “Jordanovac,” University Hospital
Center Zagreb, Croatia. The patients were recruited from
December 2013 to April 2015. The study cohort included
100 eligible patients of 18 years of age or older diagnosed
with advanced NSCLC IIIB or IV stage and scheduled to be
treated with systemic chemotherapy (ECOG 0-1).

The following data was obtained: age, sex, cancer type,
height, weight, body mass index (BMI), body surface area
(BSA), weight loss in preceding 6 months (kg, %), CRP, fi-
brinogen and IL-6 level, protein, albumin, and hemoglobin
concentration.

Body composition measurements

Muscle mass was measured and analyzed from electronically
stored CT images, which were obtained for diagnostic pur-
poses during routine clinical practice.

Of 100 eligible patients, 55 had CT images that met
the criteria for analysis. Patients who did not have
evaluable scans either had no scans on record (n=16) or
a scan >30 days from treatment initiation (n=2) or scans
with no L3 region (n=27).

The third lumbar vertebra (LL3) was determined as a stan-
dard landmark, and two consecutive CT images extended
from L3 to the iliac crest were appointed to measure the
cross-sectional area of the skeletal muscle. The L3 is a well-
established landmark across research studies as skeletal mus-
cle and adipose tissue area in this region strongly correspond
to whole-body tissue quantities in non-malignant [16—19] and
malignant population [20-22].

Skeletal muscle was quantified based on Hounsfield unit
(HU) thresholds (—29 to +150) [17]. Boundaries of the respec-
tive tissue surfaces were manually delineated and cross-
sectional area (cm?) was calculated.

The sum of the cross-sectional areas (cm?) of the L3 region
muscles (m.psoas, m.erector spinae, m.quadratus lumborum,
m.transversus abdominis, m.obliquus internus, m.obliquus
externus, m.rectus abdominis) was computed for each image,
and the mean value of the two images was calculated for each
patient.

Muscle cross-sectional areas are known to be linearly
related to whole-body muscle mass and were normalized
for stature to obtain the lumbar skeletal muscle index
(LSMI, cm?/m?) [22]. Muscle tissue values measured by
CT are reported as total muscle cross-sectional area at
L3 (cm?) and muscularity—total muscle area divided by
patient’s height squared (cm?*/m?), a way of normalizing
the value by height.

Sarcopenia was defined using the cut off point for lumbar
skeletal muscle index of <39 cm?/m? for women and <55 cm?/
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m? for men proposed by international consensus on cancer
cachexia [1, 2].

Biochemical analysis

IL-6 was measured using electrochemiluminescent immunoas-
say (ECLIA) on the Cobas e411 analyzer (Roche Diagnostics,
Mannheim, Germany) using original manufactured reagent cal-
ibrators and controls.

Albumin levels were measured using the Bromocresol
Purple method, ALB2 on the Cobas c311 analyzer (Roche
Diagnostics, Mannheim, Germany).

Toxicity assessment

All our patients had received first-line chemotherapy, includ-
ing platinum-based chemotherapy with gemcitabine, paclitax-
el, or etoposide. Toxicity was graded according to the National
Cancer Institute Common Toxicity Criteria, version 2.0. For
this study, toxicity profiles were obtained after the first cycle,
because patients who had toxicity >grade 2 had dose reduc-
tions for subsequent cycles.

Time to tumor progression

Time to tumor progression was defined as the number of days
of tumor remission after cycle 1.

Statistical analysis

Normality of distributions for quantitative variables was tested
using the Kolmogorov-Smirnov test. Normally distributed
variables were presented as mean=standard deviation, and
those that were not distributed normally with median and in-
terquartile range. Categorical data were demonstrated as
counts and percentages.

For determination of significance of difference between the
two groups of quantitative data (laboratory and anthropomet-
ric parameters), parametric ¢ test or non-parametric Mann-
Whitney test was used.

Differences between categorical variables (chemotherapy
toxicity and status according to cachexia or sarcopenia) were
tested using Fisher’s exact test.

Pearson correlation coefficient and linear regression analy-
sis were calculated for assessment of association between
body mass index and lumbar skeletal muscle index.

Logistic regression analysis was done to identify signifi-
cant predictors of chemotoxicity classified as GRADE =2 and
higher. History and anthropometric data, together with con-
centrations of laboratory parameters, were first analyzed using
univariate logistic regression. Predictors that were identified
as significant were then included into multivariate regression
model.

To calculate the median time to progression of the disease,
Kaplan-Meier survival curves were presented. Disease pro-
gression was identified as the endpoint, while all other possi-
ble outcomes were classified as censored data (died, lost, or
still in the follow-up process). Hazard ratio was calculated to
evaluate if there was a difference in time to progression ac-
cording to cachexia, sarcopenia, or cutoff values of albumin
and CRP.

Level of significance was set at 0.05. Statistical analysis was
done using MedCalc for Windows, version 12.5 (MedCalc
Software, Ostend, Belgium).

Results

Overall characteristics, anthropometric and demographic
characteristics, of 100 patients included are detailed in
Table 1. All patients had advanced non-small cell lung cancer
(stage IIIB—n =34, 34 % or stage IV, n=66, 66 %) and were
to begin with systemic oncologic treatment—chemotherapy
(ECOG 0, 1). The majority of patients were male (n=67,
67 %) and the median age was 64 years. At the time of ces-
sation of data collection, 11 patients were lost from the study,
and 13 patients were still in the process of therapy. Tumors
diagnosed were adenocarcinomas (64 %), squamous-cell car-
cinomas (34 %), and others. Twelve patients (12 %) had brain
metastasis.

The mean weight loss in the previous 6 months was 7 kg or
9.4 %. The mean BMI was 24.5 kg/m?. According to Fearon
instruments [1], cachexia was present in 69 patients (69 %).
According to World Health Organization (WHO) categories
of BMI [23], 40 % of patients were overweight or in class I
obesity. Despite considerable weight loss in some patients,
proportion of severely underweight patients (BMI<18.5)
was relatively low (4 %).

According to the reference value of lumbar skeletal muscle
index determined by CT in the study of Prado et al. [2], an
overall of 47 % of patients were sarcopenic. Male patients had
statistically significant higher lumbar skeletal muscle area and
lumbar skeletal muscle index than females do. A very high
proportion of men met the criteria for sarcopenia compared to
women: 60.5 % (23/38) and 17 % (3/17), respectively.

Among male patients who met the criteria as overweight
with BMI >25.0 [23], N=26, nine patients (34.6 %) were
sarcopenic. Good correlation was observed between BMI
and LSMI (»=0.614) (Fig. 1).

Statistically significant difference was demonstrated be-
tween the following parameters in cachectic patients: patients
with cachexia had higher CRP (30.1 vs. 6.9 mg/L, p=0.020)
and IL-6 concentration (15.2 vs. 7.5 pg/mL, p=0.040) but
lower albumin (36+5 vs. 4045 g/L, p=0.003) and hemoglo-
bin concentration (12820 vs. 13617 g/L, p=0.035) than
did non-cachectic patients (Fig. 2). We did not find correlation
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Table 1 Anthropometric and

demographic characteristics of the N=100
study cohort
Age (years) 64 (41-87)*
Gender (male) (N, %) 67 (67 %)
TNM stage (N, %)
1B 34 (34 %)
v 66 (66 %)
Cytology/histology of the tumor (IV, %)
Adenocarcinoma 64 (64 %)
Squamous-cell carcinoma 34 (34 %)
Sarcomatoid carcinoma 22 %)
Brain metastasis (N, %) 12 (12 %)
Height (cm) 170+9 -
Weight (kg) 68+15 -
Weight loss in preceding 6 months (kg) 7+6 -
Weight loss in preceding 6 months (%) 94+7.7 -
Body mass index (kg/m?) 24.5+45 -
BMI <18.50 kg/m* (N, %) 4 (4%)
BMI 18.5-24.99 kg/m? (N, %) 56 (56%)
BMI 25.0-29.99 kg/m® (N, %) 26 (26%)
BMI >30 kg/m® (N, %) 14 (14%)
Body surface area (m?) 1.82+£0.22
Lumbar skeletal muscle area L3 (cm?) 142.97+35.64
Male (N=38) 159.81 (144.36-177.73)* »<0.001
Female (N=17) 112.87 (91.44-116.00)
Lumbar skeletal muscle index (cm*/m?) 52.03 (41.73-56.06)
Male (N=38) 53.31 (47.11-57.10) »<0.001
Female (N=17) 40.95 (39.37-45.54)
Cachexia (N, %) 69 (69%)
Mean+ SD

*Median and interquartile range

Fig. 1 Variation in body 80 |-
composition of the lung cancer
population (N=55). Individual
patients are classified by BMI and
muscularity. The large variability
in muscle index is seen within any
given stratum of BMI. Of these
patients with BMI classifiable as
overweight N =25, nine patients
met the criteria for sarcopenia
(33.3 %)

y =15.0(2.6t027.3)+ 1.4(0.9t0 1.9) x

70 |- ©
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between IL-6, CRP, and any of the measured anthropometric
parameters.

Any adverse event associated with a use of medical treat-
ment that may or may not be considered related to the medical
treatment was reported in 43.3 % of patients receiving chemo-
therapy after the first cycle. There was no statistically signif-
icant difference between cachectic and non-cachectic patients
in frequency of chemotherapy toxicity. Similarly, there was no
difference between sarcopenic and non-sarcopenic patients in
the means of chemotherapy toxicity.

Grade >2 was observed in 57.2 %, and hematologic toxic-
ity was observed in 33.3 %. We found statistically significant
difference between concentrations of measured laboratory pa-
rameters and chemotherapy toxicity. Patients with chemother-
apy toxicity grade >2 compared to patients with no or mild
toxicity had significantly lower concentration of protein (60
(59-67) vs. 67 (65-73) g/L; p=0.001) and albumin (34 (31—
37) vs. 39 (35-42) g/L; p=0.001).

Univariate logistic regression analysis identified significant
predictors of chemotherapy toxicity (OR; 95 % CI): weight
loss in the preceding 6 months (kg, %) (OR=1.07, p <0.049),
CRP (OR 1.01, p<0.028), and concentration of protein (0.89,
<0.03) and albumin, as the most significant predictor (OR
(95 % CI)=0.85; p<0.001).

The Kaplan-Meier progression survival curve for 67 pa-
tients is presented in Fig. 3. Censored data included patients
with lethal end (N=9), were lost from the study (N=11), and
patients still in the process of management (N=13). Median
time to tumor progression was 187 days. We did not find
statistically significant difference between time to tumor pro-
gression in cachectic (187 days) and non-cachectic patients
(167 days) (Hazard ratio (HR) (95 % CI)=0.83 (0.48-1.43);
p=0.470). Moreover, there was no statistically significant dif-
ference in time to tumor progression in sarcopenic (218 days)
and non-sarcopenic patients (209 days).

We did not find any correlation between interlinked param-
eters: albumin, IL-6, CRP and weight loss, and response to
chemotherapy (Cox proportional-hazards regression
analysis).

There was no statistically significant difference in survival
time between patients with IL-6 concentration in the lower
median (IL-6<10.9) and those with higher concentration
(IL-6>10.9); HR=1.25 (0.76-2.08); p=0.364. Therefore,
we conclude that there was no association between IL-6 and
disease progression.

We were not able to identify a reference value for LSMI, as
defined by Prado et al. [2], related to cancer-specific outcomes
or significant difference to time to tumor progression.

In Fig. 4, we present a comparison of time to tumor pro-
gression between groups of patients with albumin concentra-
tion lower (<37.5 g/L; N=46) and higher (>37.5 g/L; N=47)
than median albumin concentration. Time to tumor progres-
sion in patients with lower albumin concentration (<37.5 g/L)

was 165 days and for patients with higher concentration
(>37.5 g/L), it was 255 days. The difference between the times
was statistically significant (HR (95 % CI)=0.55 (0.33-0.90);
p=0.011).

Similarly, analysis of subgroups of patients with CRP level
lower or higher than 8 mg/L, evidenced statistically significant
difference in survival probability curves. Patients with CRP
level lower than 8 mg/L had time to tumor progression of
255 days (128-330), and patients with higher level had
167 days (112-209), the difference being statistically signifi-
cant (HR (95 % CI)=0.60 (0.37-0.97); p=0.040) (Fig. 5).

Discussion

Tumor growth is associated with a vast majority of metabolic
changes in humans. They can lead to the onset of anorexia-
cachexia syndrome. Cancer anorexia-cachexia syndrome is
highly prevalent among cancer patients, especially lung can-
cer patients. Relevance of cancer cachexia is often overlooked
in clinical practice and its better understanding will result in
preservation of nutritional status during oncologic treatment.

Cancer cachexia and skeletal muscle wasting (sarcopenia)
are frequently observed in NSCLC patients and are associated
with poor survival [10, 24]. The incidence rate of cancer ca-
chexia in the study of Kimura et al. [25] was 45.6 %, while in
this study, 69 % of patients were cachectic using the same
criteria [1]. The same study [25] reported a change in cancer
cachexia status (reversal or development) from baseline to
3 months after chemotherapy initiation in 32.4 % of patients,
and significantly shorter survival was found in patients with
cancer cachexia at baseline.

We did not evidence statistically significant difference in
survival curves (time to tumor progression) in patients with
and without cachexia or among the group of patients with and
without sarcopenia. Possible explanation for that result, we
hypothesize, could be high percentage of cachectic and
sarcopenic patients in the cohort study.

The classification of BMI does not take into account the
composition of weight unit which is clinically important but
often misinterpreted. Variations of fat and lean tissue—espe-
cially skeletal muscle—are reported in the population
[26-28]. Sarcopenia—depletion of skeletal muscle—can oc-
cur independently from obesity. Sarcopenia is defined as mus-
cle mass of over two standard deviations below that of healthy
adults measured by dual-energy x-ray absorptiometry [29].

Having this quantified, sarcopenia (muscle mass) is another
measurable variable in a study of body composition. As a
component contributing to cancer cachexia, sarcopenia is in-
corporated into diagnostic criteria for cancer cachexia. Martin
and colleagues [24] reported that low skeletal muscle mass in
cancer patients is independently associated with poor survival.
The variability of cutoffs in LSMI [2, 24, 25] can be explained
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Fig. 2 CRP, IL-6, albumin, and hemoglobin concentrations in cachectic and non-cachectic patients

due to differences in cancer type, disease stage, ethnicity, cul-
tural background, and BMI. On the contrary, the methods for
measuring skeletal muscle mass are similar regardless of the
abovementioned inequalities.

The proportion of patients with sarcopenia here outlined
was 47 % (26/55), 60.5 % in males and 17 % in females.
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Median survival time = 187 days
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Fig. 3 Kaplan-Meier survival curve of time to tumor progression (days)
(N =67 patients). Censored data included patients with lethal end (N=9),
were lost from the study (N=11), and patients in the process of
management (N = 13). Median time to tumor progression was 187 days
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The difference of lumbar skeletal muscle index between males
and females is statistically significant with higher LSMI in
males. Using the cutoffs reported in the study of Fearon [1]
and Prado [2], we divided our patients into two groups accord-
ing to sarcopenia status but we did not find statistically signif-
icant difference between these two groups in terms of survival
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3 80 4 median survival
1> B time = 255 days
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= 40f
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g median survival
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Fig. 4 Kaplan-Meier survival curve of time to tumor progression (days)
in patients with higher albumin concentration (>37.5 g/L) (dotted line)
and lower (<37.5 g/L) (full line)
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Fig. 5 Kaplan-Meier survival curve of time to tumor progression (days)
in patients with higher CRP concentration (>8 mg/L) and lower (<8 mg/
L). Time to tumor progression in patients with lower CRP level (fiu/l line)
is 255 (128-330) days and 167 days (112-209) in patients with higher
CRP level (dotted line)

curves/time to tumor progression. The reason for that might be
in finding the optimal LSMI cutoffs measured by CT based on
ethnicity, cancer type, and disease stage, or as we mentioned
above, in the high percentage of sarcopenic patients in our
report.

Patients with lung cancer constituted the majority (96 %)
within the BMI ranges considered normal weight, overweight,
and obese. Interestingly, among the patients who have BMI
higher than 25.0 (N=26) (overweight and obese), nine of them
were sarcopenic (34.6 %). Sarcopenia was observed in all of
the BMI categories shown in Fig. 1 with nearly half of patients
(47 %) below the cutoff of muscularity associated with mortal-
ity and functional disability [2]. That explained losing muscle
tissue while fat tissue is maintained or even gain [2].

A recent study from Kim et al. [30] evaluated prognostic
significance of CT-determined sarcopenia in patients with
small-cell lung cancer (SCLC). They assessed the prognostic
significance of sarcopenia using two different sets of cutoffs in
SCLC. When they used the cutoffs proposed by the interna-
tional consensus of cancer cachexia [ 1], they found sarcopenia
was an independent prognostic factor in SCLC. Patients with
sarcopenia had a significantly shorter median overall survival
(OS) than did those without. On the contrary, when lower
ethnic specific cutoffs were applied [31], the prevalence de-
creased and its prognostic significance disappeared.

There are no good predictors of the benefit of chemother-
apy, although the most established factor for prognosis is per-
formance status. However, performance status is an entirely
subjective assessment of a patient’s physical activity and func-
tioning. Along with PS, other factors such as weight loss and
systemic inflammation have been reported to independently
predict survival in advanced lung carcinoma.

Measures of systemic inflammatory response (CRP) are
independent prognostic factors in cancer. A combination of

the inflammatory markers CRP and albumin formed the mod-
ified Glasgow prognostic score (mGPS). This combination
including IL-6 correlates with weight loss. mGPS is the most
studied and validated prognostic scoring tool and has clear
advantages comparing performance status [32].

Our results, similar to those published by Simmons et al.
[32], suggest that the use of weight loss as a prognostic factor
in lung carcinoma is less significant than that of performance
status and mGPS.

The reason for lacking the impact of cachexia and
sarcopenia at baseline on time to tumor progression might
be in introduction of nutritional enteral support to the patients
with weight loss, thus improving their nutritional status and
gaining weight or stopping further loss.

Albumin concentration, CRP, and IL-6 level were discrim-
inatory factors between cachectic and non-cachectic patients.
Among the most significant predictors for chemotherapy tox-
icity that were identified (loss of body weight in 6 months,
CRP, protein and albumin level), albumin concentration was
the only statistically significant predictor for toxicity. Lower
albumin concentration correlated with higher chemotherapy
toxicity and poor survival.

One possible limitation of this study was that the preva-
lence of sarcopenia in the female patients was rather low,
when compared to males (17 vs. 60 %). Since females
accounted for one third of the participants in the study, it is
therefore possible that this might have influenced our results.

Although CT testified as a reliable method for obtaining
and calculating muscle area, is easily measurable and repro-
ducible for calculation of muscularity, and usable without ex-
pensive software, limitation was demonstrated in defining the
cutoffs for LSMI.

Conclusion

Biochemical parameters, CRP, and albumin level were evi-
denced to be of more important predictive value in chemother-
apy toxicity and survival probability than were cachexia and
sarcopenia. Further studies are needed to better understand the
role of cancer cachexia and sarcopenia in advanced NSCLC
and in order to find new nutritional therapeutic approaches
and perhaps new concept of cytotoxic drug dosing schedules
per kilogram of lean body mass using L3 muscle area mea-
sured by CT.
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