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Abstract: Background: Sarcopenia, a syndrome characterized by age-related loss of muscle mass
and function, lacks universally accepted diagnostic criteria, particularly for its role as a prognostic
factor in elderly patients with non-small-cell lung cancer (NSCLC). This study aimed to evaluate
the prognostic significance of sarcopenia, assessed by psoas muscle size on baseline CT scans,
in patients over 70 years of age with metastatic NSCLC. Methods: We retrospectively analyzed
85 elderly patients undergoing palliative radiation therapy between August 2022 and July 2024.
Using morphometric analysis of psoas size, we investigated its correlation with overall survival
(OS) and progression-free survival (PFS). Results: Our results showed that decreased psoas size
was significantly associated with shorter OS and PFS, with median OS of 10 months and PFS of
4 months in sarcopenic patients compared to longer survival times in non-sarcopenic patients. Median
survival of non-sarcopenic vs. sarcopenic patients was 21 ± 7 months (muscle area > median) versus
5 ± 2.3 months (muscle area < median). Multivariate analysis confirmed that psoas size, along with
ECOG performance status and treatment of primary NSCLC, was a significant predictor of survival.
Discussion: These findings suggest that psoas muscle size is a valuable prognostic marker for elderly
NSCLC patients, potentially guiding treatment decisions and patient management. Further research
is needed to validate these results and refine prognostic models for this population.
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1. Introduction

Sarcopenia, a condition characterized by the progressive loss of muscle mass and
strength, is increasingly recognized as a significant prognostic factor in various diseases,
particularly among the elderly [1–5]. Officially classified as a distinct disorder in 2016,
sarcopenia arises from chronic inflammation, motor neuron atrophy, decreased protein
intake often linked to elderly anorexia, and immobility [1,6]. Despite its importance,
standardized prevention and treatment guidelines remain underdeveloped [7].

The diagnosis of sarcopenia involves a comprehensive assessment of muscle mass,
strength, and physical performance using tools such as grip strength tests, dual-energy
X-ray absorptiometry (DEXA), magnetic resonance imaging (MRI), and computed tomog-
raphy (CT) [8–11]. CT scans, particularly at the level of the third lumbar vertebra, are com-
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monly employed in preoperative cancer assessments, leading to a focus on CT-determined
skeletal muscle index (SMI) in research [12–16].

Sarcopenia significantly increases the risk of adverse outcomes, including higher
mortality, functional decline, falls, and hospitalization, in older individuals [17–19]. It also
serves as a reliable predictor for various cancers, correlating with diminished survival,
functional impairment, and heightened chemotherapy toxicity [19–23]. In non-small-cell
lung cancer (NSCLC) patients, especially the elderly, sarcopenia has been utilized to predict
surgical outcomes and prognosis [24–26]. Given the rising incidence of NSCLC among the
aging population [27–29], this study aims to retrospectively evaluate if a baseline sarcopenic
condition can be assessed as a prognostic factor in elderly patients with advanced or
metastatic NSCLC [30–35]. We hypothesize that patients with sarcopenia will experience
shorter survival times.

2. Materials and Methods
2.1. Patients Population

Between August 2022 and July 2024, 85 patients older than 70 years with metastatic
NSCLC underwent radiation therapy (RT) for palliative purposes at our Unit of Radiation
Therapy. All patients were consecutively enrolled at the time of the first CT scan confirming
the diagnosis of metastatic disease. This includes both patients who were M1 at initial
diagnosis (ab initio) and those who were initially M0 but were diagnosed as M1 during
follow-up and then. All measurements were taken when the patients were classified as M1.
Metastatic disease was confirmed via the first CT scan at diagnosis. Therefore, no patients
were M0 at the time of the CT evaluation; all patients had already progressed to M1 status,
regardless of whether they were diagnosed with synchronous metastasis (M1 ab initio) or
had initially been M0 and later progressed to M1 during follow-up. The staging workup
was based solely on CT scans. Brain MRI was reserved as a second-level examination
for selected cases where further investigation was required. Only patients without driver
mutations who received first-line chemotherapy were selected.

All patients’ clinical and pathological data, collected before RT, were retrospectively
recorded, including Karnofsky Performance Status (KPS), use of previous surgery for
primary lung cancer, oligometastatic or plurimetastatic disease, technique and localization
of RT treatment.

We identified as oligometastatic disease patients with ≤5 metastases in up to three
organs [36].

2.2. Ethics Approval

All the patients gave their written informed consent to the anonymous use of their
examinations for the research’s scope. A study notification was submitted to the local
ethical committee as established by national laws. All procedures were undertaken in
compliance with the ethical statements of the Helsinki Declaration (2008) of the World
Medical Association.

2.3. Computed Tomography Imaging

Prior to beginning any kind of therapy, we gathered and examined the initial com-
puted tomography (CT) scan performed at the time of NSCLC diagnosis, whether it be
systemic therapy, radiation therapy, or surgery. A 64-detector row CT scanner (Revolution
EVO, GE Healthcare, Milwaukee, WI, USA) was used for all CT scans. CT scans of the
chest and abdomen were carried out in a tail-cranial orientation on each patient, with
the patient laying supine, from the bases of the lungs to a plane that cut through the
third of the femur. Following a bolus intravenous infusion of 320 mgI/mL (Ul-travist 320,
Schering) and 370 mgI/mL (Iopamiro 370, Bracco, Industria Chimica Milano, Milan, Italy)
contrast material at a rate of 4 mL/s, enhanced CT images were acquired. After the bolus,
20–30 mL of saline solution was added, up to a maximum volume of 160 mL, using a power
injector (SIAS 757, Milan, Italy) and an 18-gauge needle inserted in the antecubital vein. The
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scan delay was adjusted to 65–80 s c.a. based on each patient’s functional cardiovascular
parameter. A slice thickness of 2.5 mm, beam pitch of 1.375/0.937, reconstruction interval of
0.8 mm, 120–140 kVp, and 250–500 mA were the technical parameters that were employed.
The re-construction algorithm was conventional.

2.4. Psoas Contouring

Psoas muscle volume, left and right side separately, from the cranial limit of L4 to the
caudal limit of L5 vertebral bodies, were calculated in this study (see Figure 1).

Figure 1. Examples of contouring of psoas muscle. (A) Trasversal view; (B) coronal view.

To correct for the stature, we utilized a ratio of psoas volume to vertebral body height
using the L4 and L5 vertebral body. The rationale is to obtain a mean psoas area (MA) that
is considered to be independent on stature [37–39].

2.5. Radiotherapy

RT was administered as a palliative measure on a case-by-case basis. A Linear Acceler-
ator (6 MV–15 MV photon) photon beam was used to provide the radiation, and treatment
planning systems from CMS XiO (Elekta, Sweden) and/or Raystation were utilized to
create the RT plan. A diagnostic CT scan was used to determine the target volume. RT
dosage was prescribed based on the clinician’s decision in each individual patient. A spiral
16-slice CT scanner with 5 mm slicing, 120 KV, 10 Index Noise, and a range of 100–440 mA
was used to run the CT simulation.

2.6. Chemotherapy

The cohort of patients underwent different types of chemotherapy regimens, before
or after RT, according to the stage of disease, the previous regimens of chemo, and the
patients’ clinical status. As previously stated, the patients operated upon at the clinical
onset of NSCLC received adjuvant chemotherapy after surgery and are thus considered a
distinct subset of this series.
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2.7. Follow-Up

After the completion of RT, all the patients entered a scheduled follow-up program,
and brain CT and MRI scans were repeated at 6 weeks and every 12–16 weeks, or in any
case showing clinical signs suggesting progressive disease.

2.8. End Points and Statistical Analysis

All the analyses were performed at the first diagnosis of metastatic disease (i.e., at the
time of diagnosis for naïve metastatic patients or during the follow-up in patients initially
treated for m0 disease).

We assessed the reliability of the volumetric contouring by employing the intra-class
correlation coefficient (ICC) method. To do this, we performed double contouring of
the muscle area (MA) using two independent operators. Each operator independently
contoured the MA on the same set of imaging data, ensuring that the process was blinded
to reduce bias. Once the contouring was completed, we compared the resulting variables,
including the total muscle area and volume measurements, between the two operators.
The ICC was then calculated to evaluate the degree of consistency and agreement between
the measurements, providing a quantitative assessment of the inter-operator reliability.
This method allowed us to ensure the robustness and reproducibility of the volumetric
contouring technique.

The overall survival (OS) was calculated from the date of the patient’s selected CT
scan until the patient’s passing or the last follow-up visit. Using the survival analysis
(Kaplan–Meier and Cox Rank method), the prognostic parameters associated with the
outcome endpoints were determined. The significance of the differences in outcomes was
assessed using the log-rank test based on the volumetric parameters that were taken into
account and the clinical parameters (KPS, age, sex, oligometastatic status, previous surgery,
and RT technique). A p-value of <0.05 was deemed statistically significant. The multivari-
ate analysis was performed using the Cox-regression method. Every statistical analysis
performed with the SPSS v. 18 Windows software was examined by a biological statistician.

3. Results

The main features of our cohort of patients are summarized in Table 1.

Table 1. Patient characteristics (n = 138). NSCLC: non-single-cell lung cancer, WBI: whole brain
irradiation, SRT: stereotactic radiation therapy.

Parameter Number Percentage

Sex
Male
Female

63
22

74.1%
25.9%

Age
70–79
≥80

59
26

69.5%
30.6%

ECOG
0
1
2
3

35
15
30
5

41.2%
17.6%
35.3%
5.9%

Previous Surgery for Primary NSCLC
Yes
No

14
71

16.5%
83.5%
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Table 1. Cont.

Parameter Number Percentage

Site of RT
Primary NSCLS
Bones
WBI
SRT
Other

9
33
13
27
3

10.6%
38.8%
15.3%
31.8%
3.5%

Load of Metastases
Oligometastatic Disease
Plurimetastatic Disease

47
38

55.3%
44.7%

The median age of the patients was 74 years (mean 76, SD ± 5.8, range 70–90). The cohort consisted of 22 females
(25.9%) and 63 males (74.1%). ECOG performance status was 0–1 in 50 patients (58.8%) and 2–3 in 35 patients
(41.2%). Of the patients, 14 (16.5%) underwent surgery for primary NSCLC, and 14 (16.5%) received primary
NSCLC-directed palliative radiation therapy. Additionally, 47 patients (55.3%) were classified as oligometastatic
based on the established criteria. Median survival of sarcopenic vs. non-sarcopenic patients was 21 ± 7 months
(MA > median) versus 5 ± 2.3 months (MA < median).

3.1. Radiotherapy Treatment

All patients underwent palliative treatment for either primary NSCLC or metastatic
sites. Specifically, nine patients received palliative treatment for primary NSCLC. The
remaining 76 patients were treated for metastatic localizations as follows: 33 patients
received palliative treatment for bone metastases, 13 patients underwent whole brain
irradiation, 27 patients received stereotactic radiation therapy (for lung, brain, or other
sites), and 3 patients were treated for other metastatic localizations.

3.2. Clinical Outcome

The median follow-up time was 11 months (mean 24.7 months, SD ± 3.6 months,
range 3–36 months). During the follow-up period, 59 patients (70.2%) died. The median
overall survival (OS) was 10 months (mean 23.4 months, 95% CI 16–30 months).

3.3. Reliability of Volumetric Parameters and Cut-Offs

The ICC analysis showed that the adopted method of contouring was reliable, achiev-
ing an ICC value of 0.94 for the contouring of psoas muscle.

3.4. Factors Predicting bRFS and OS

The results of the analysis are summarized in Table 2.

Table 2. Factors predicting overall survival (OS). Dichotomous variables (sex, load of metastases,
previous surgery for primary NSCLC, primary NSCLC treatment) were analyzed with Kaplan–Meier
analysis, whereas continuous parameters are analyzed with Cox regression analysis. HR: hazard
ratio. MA: mean area (of psoas) obtained as ratio of psoas volume to vertebral body height using the
L4 and L5 vertebral body. The rationale is to obtain a mean psoas area (MA) that is considered to be
independent on stature, as provided in the previous literature.

Parameter OS (Median Value)

Sex
Females
Males

p-value: 0.55
10 ± 1.6 months
11 ± 3.3 months

Age
p-value: 0.13
HR: 1.03
95% CI: 0.99–1.07

ECOG
p-value: 0.02
HR: 2.31
95% CI: 1.36–3.95
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Table 2. Cont.

Parameter OS (Median Value)

Previous surgery for primary NSCLC
Yes
No

p-value: 0.011
Median not reached
8 ± 2 months

Palliative RT to primary NSCLC
Yes
No

p-value: 0.030
20 ± 6.2 months
8 ± 2.4 months

Primary NSCLC treated (either surgery or palliative RT)
Yes
No

p-value: 0.001
22 ± 3.5 months
7 ± 1.5 months

Load of metastases
Oligometastatic disease
Plurimetastatic disease

p-value: 0.010
16 ± 6 months
5 ± 1.9 months

MA
p-value: 0.001
HR: 0.59
95% CI: 0.44–0.78

The parameters that resulted in being significantly correlated with a lower OS were
the ECOG (p: 0.02), MA (p: 0.001), previous surgery (p: 0.011), number of metastases
(p: 0.010), RT directed to primary NSCLC (p: 0.030), and treatment of primary NSCLC
(either with RT or surgery; p: 0.001) (see Figures 2 and 3).

Figure 2. Analysis of survival with Kaplan–Meier method. The parameters that resulted in being
significantly correlated with a lower OS were the ECOG ((A) p < 0.001), previous surgery ((B)
p < 0.001), the number of metastases ((C) p < 0.001), MA ((D) p: 0.005), and MA/I ((E) p: 0.015);
patients with mean area (MA) greater than or less than the median ((F) p: 0.006).
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Figure 3. Correlation matrix between mean area (MA), age, and sex. The values within the matrix
represent the strength and direction of the correlation between the variables: a value close to 1
indicates a strong positive correlation, a value close to −1 indicates a strong negative correlation,
and 0 indicates no correlation. In this chart, we observe the relationship between mean area and
demographic variables such as age and sex.

In the multivariate analysis, the only parameters that remained significant are as
follows: ECOG (p < 0.001, OR 2.87, 95%vCI: 1.64–5.03), MA (p: 0.001, OR: 0.621, 95%vCI:
0.46–0.83), and treatment of primary NSCLC, either with surgery or RT (p: 0.002, OR: 0.33,
95% CI: 0.16–0.66) (see Table 3).

Table 3. Multivariate analysis (Cox regression analysis) of survival. OS: overall survival, MA: mean
area, B: beta coefficient, HR: hazard ratio, CI: confidence interval.

Endpoint Parameter p-Value B HR (95% CI)

OS

MA 0.001 −0.47 0.62 (0.46–0.83)

Treatment of
primary NSCLC 0.002 −1.10 0.33 (0.16–0.66)

ECOG <0.001 1.05 2.87 (1.64–5.03)

4. Discussion

As previously noted, approximately 50% of newly diagnosed cases of non-small-cell
lung cancer (NSCLC) occur in patients over the age of 70 [30]. Although mortality rates for
NSCLC have been decreasing among younger patients, they continue to rise among the
elderly, particularly older women [40,41]. This demographic shift underscores the necessity
for treatment decisions in elderly patients to be guided not only by chronological age
but also by life expectancy, patient preferences, functional status, comorbidities, and the
anticipated benefits and risks of treatment. The loss of skeletal muscle mass and function,
a condition known as sarcopenia, is a significant factor that correlates with increased
comorbidities and organ function decline in the elderly [42].

This condition not only impacts physical capabilities but also significantly affects prog-
nosis and treatment outcomes. Studies have shown that sarcopenia is a poor prognostic factor
in lung cancer, with its presence potentially doubling the risk of mortality [13,23,43,44].

The relationship between sarcopenia and NSCLC is complex, involving immune and
metabolic pathways. Sarcopenic patients often experience altered immune responses that
can undermine the effectiveness of immunotherapy and exhibit chronic inflammation exac-
erbating muscle degradation [21,44,45]. Imaging techniques like computed tomography
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(CT) are commonly used to assess sarcopenia, measuring skeletal muscle area to provide
valuable prognostic information [29,46,47].

Sarcopenia, characterized by the loss of skeletal muscle mass and function due to
aging, has been increasingly recognized as a significant factor correlating with increased
comorbidities and decline in organ function in the elderly [7].

Officially classified as a distinct disease with its own ICD-10 code in 2016, sarcopenia
is influenced by chronic inflammation, motor neuron atrophy, decreased protein intake
often associated with geriatric anorexia, and immobility [48]. This condition is influenced
by chronic inflammation, motor neuron atrophy, decreased protein intake often associated
with geriatric anorexia, and immobility [49]. Aging, inflammatory states, neurological
disorders, sedentary lifestyles, malnutrition, and iatrogenic factors further exacerbate
sarcopenia. Diagnosing sarcopenia involves a comprehensive assessment that includes
evaluating muscle strength, muscle mass, and physical performance.

In our study, we examined a cohort of 85 patients over the age of 70 with metastatic
NSCLC who underwent palliative radiation therapy (RT) between August 2022 and
July 2024. All patients received palliative RT for either primary NSCLC or metastatic
sites. The median follow-up period was 11 months, and the median overall survival (OS)
was 10 months. The majority of patients (70.2%) passed away during the follow-up period.
Our analysis confirmed the reliability of the volumetric contouring method for measuring
psoas muscle mass, which was used as a proxy for assessing sarcopenia. Our results
identified several factors significantly predicting OS. Higher ECOG performance status
scores were associated with reduced OS, indicating that worse functional status correlates
with poorer survival outcomes. A lower muscle area (MA) was strongly linked to reduced
OS, emphasizing the prognostic value of muscle mass in elderly NSCLC patients. Patients
who had undergone surgery for primary NSCLC demonstrated better OS, suggesting
that surgical intervention might confer a survival advantage. Additionally, patients with
oligometastatic disease had better OS compared to those with plurimetastatic disease.
Palliative RT targeting the primary tumor also correlated with improved OS, with the
combined treatment of the primary tumor (surgery or RT) significantly enhancing survival.

In multivariate analysis, the significant predictors of OS included ECOG performance
status, muscle area, and treatment of the primary NSCLC. Poor performance status inde-
pendently predicted lower survival. Lower muscle mass remained a significant predictor
of poor survival outcomes, and treatment of the primary NSCLC tumor, whether through
surgery or RT, independently predicted better survival. These findings highlight the impor-
tance of incorporating sarcopenia, as measured by psoas muscle size, into the prognostic
evaluation of elderly NSCLC patients. The strong correlation between lower muscle mass
and reduced OS underscores the need to include sarcopenia assessment in routine cancer
evaluations, especially for the elderly. Moreover, the significant impact of primary NSCLC
treatment on survival suggests that aggressive management of the primary tumor may
improve outcomes even in metastatic cases.

Sarcopenia, characterized by the loss of muscle mass and function due to aging, is
recognized by the European Working Group on Sarcopenia in Older People (EWGOP) as
requiring evaluation of both muscle mass and function for accurate diagnosis [10]. While CT
and MRI are typically considered gold standards for measurement, there is no consensus on
the best method for assessing psoas muscle [6,12]. Despite this, we opted for a volumetric
approach to obtain a more reliable measure of muscle mass. Sarcopenia in elderly patients is
associated with cancer, overlapping a state of existing muscle loss, and while the correlation
with outcomes remains controversial, various mechanisms have been proposed. Skeletal
muscle acts as a secretory organ, producing growth hormone and myokines that might
suppress oncogenesis and influence immune response [9]. Additionally, inflammatory
states, either pre-existing or concurrent with lung cancer, contribute to malnutrition, which
in turn leads to catabolic processes and muscle loss [8].

Our study demonstrates that MA, along with clinical parameters, is predictive of OS
in elderly NSCLC patients and remains significant in multivariate analysis alongside other
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prognostic factors such as ECOG status and primary NSCLC treatment. This highlights the
added value of muscle measurements in predicting patient outcomes. Other studies have
explored similar correlations. For instance, Matsuo et al. found that lower muscle mass
was a significant risk factor for non-cancer-related mortality in stage I NSCLC patients un-
dergoing stereotactic body radiotherapy, although no correlation with cancer-related death
was observed. Cortellini et al. correlated muscle mass and density with progression-free
survival and hematological toxicities in metastatic NSCLC patients undergoing first-line
chemotherapy, finding low muscle mass predictive of these outcomes but not overall sur-
vival [50]. This discrepancy may be attributed to differences in patient age and the use
of predefined cut-off values versus continuous parameters. Nakamura similarly corre-
lated sarcopenia with surgical complications and survival in NSCLC patients undergoing
surgery [2].

In this small subset of elderly patients, the treatment of primary NSCLC, whether
through surgery or radiation therapy, is strongly associated with improved survival. This
result may reflect a selection bias of patients treated with these modalities, although it
supports the hypothesis that distant spread is more likely to originate from the primary
tumor rather than distant metastases, particularly in oligometastatic cases.

Our study reinforces the multifactorial nature of cancer prognosis in the elderly, where
functional status and muscle mass are crucial alongside traditional oncological factors.
These findings advocate for comprehensive geriatric assessments as part of standard cancer
care to tailor treatment strategies and enhance patient outcomes. While this study provides
valuable insights, it has limitations, including its retrospective design and single-institution
setting, which may affect the generalizability of the results. Future research should aim to
validate these findings in larger, multicenter cohorts and investigate the mechanisms linking
sarcopenia with poor cancer prognosis. Additionally, interventional studies are needed to
determine whether strategies to preserve or enhance muscle mass can improve survival and
quality of life in elderly cancer patients. The treatment of primary NSCLC, whether through
surgery or radiation therapy, is strongly associated with improved survival, reflecting the
potential impact of aggressive management on metastatic disease. These findings advocate
for comprehensive geriatric assessments as part of standard cancer care to tailor treatment
strategies and enhance patient outcomes. Future research should validate these findings
in larger, multicenter cohorts and investigate mechanisms linking sarcopenia with poor
cancer prognosis. Additionally, interventional studies are needed to determine if strategies
to preserve or enhance muscle mass can improve survival and quality of life in elderly
cancer patients.

5. Limitations

We recognize the many limitations of the present study. Firstly, it was a retrospective
study based on a single institution’s population. Thus, we could not evaluate the loss of
function together with the loss of muscle mass, as recommended by the EWGSOP.

We acknowledge several limitations in our study. First, due to its retrospective design
and single-institution setting, we were unable to evaluate the functional loss alongside
muscle mass deterioration, as recommended by the EWGSOP. Furthermore, while a dy-
namic analysis of sarcopenia throughout therapy would provide valuable insights, such
an assessment was not feasible within the scope of this study due to the absence of consis-
tent abdominal CT scans before radiation therapy. We agree that sarcopenia progression,
evaluated dynamically over time, is critical, and we hope to incorporate such an approach
in future prospective studies, which could allow us to track sarcopenia evolution and its
potential impact on prognosis. Dynamic evaluations are very pivotal in oncologic patients,
as has been previously demonstrated in our studies [51].

Additionally, our cohort consists of elderly patients treated with radiotherapy who
might represent a subset with a poorer prognosis. While RT is a common palliative
approach in metastatic NSCLC, its prognostic implications remain controversial, as does its
relationship with sarcopenia. Another limitation is the lack of access to reference databases
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of healthy, non-sarcopenic individuals, which would have allowed for comparison and
more definitive cut-offs. Without such data, distinguishing whether a small mean area
(MA) reflects anatomical variation or sarcopenia progression is challenging. Although
we used MA values based on our cohort, this introduces potential bias given that some
patients were already sarcopenic at baseline.

Elderly patients, also, should undergo specific geriatric tests and assessments, whereas
we collected only simple performance status as ECOG [52]. Finally, NSCLC patients that
were treated with RT could represent a subset of patients with a worse prognosis, although
the use of RT is very common in metastatic NSCLC, and its correlation with prognosis is
still controversial [53,54].

6. Conclusions

In conclusion, our findings suggest that MA in NSCLC elderly patients could represent
an independent prognosticator of survival and could help to stratify the patient’s prognosis.
Further studies are needed to characterize whether morphometrics can successfully predict
survival in NSCLC and whether they could be used to tailor the choice of treatment,
especially in the particular subset of older people.
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