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Abstract
Purpose Cancer cachexia (CC) is a syndrome characterised by an ongoing loss of skeletal muscle mass associated with reduced
tolerance to treatment. This study explored the prevalence and severity of CC in advanced non-small cell lung cancer (NSCLC)
patients and determined its relationship with chemotherapy outcomes.
Methods CCwas classified into a four-stage model: no cachexia, pre-cachexia (PC), cachexia and refractory cachexia (RC) with
categorisation determined from biochemical and body composition and performance assessment. Associations between the stage
of cachexia and chemotherapy outcomes including radiological response, the number of chemotherapy cycles completed and the
number of cycles delayed or dose reduced were explored.
Results Twenty-four patients were included with 4 (18%) classified as having no cachexia, 4 (18%) PC, 3 (14%) cachexia
(13.6%), and 11 (50%) RC. No association was observed between the stage of cachexia and the radiological response to
chemotherapy number of cycles delayed or the number of cycle’s dose reduced; however, there was an association with the
number of cycles completed (p = 0.030). An association between C-reactive protein (CRP) and the number of chemotherapy
cycles completed (p = 0.044) and the number of dose reductions (p = 0.044) was also identified.
Conclusions Limited conclusions can be drawn given the small sample size. However, the majority of patients presented with
some degree of cachexia at diagnosis. A relationship was identified between the increasing severity of cachexia and a lower
number of chemotherapy cycles completed, as well as between CRP and the number of chemotherapy cycles completed and the
number of dose reductions required, and therefore warrants further exploration in larger studies.
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Introduction

Cancer cachexia (CC) is a multifactorial syndrome
characterised by an ongoing loss of skeletal muscle mass, with
or without loss of fat mass that cannot be fully reversed by
conventional nutritional support, which leads to progressive

functional impairment [1]. It is associated with reduced qual-
ity of life; tolerance to treatment modalities, such as chemo-
therapy; and survival [2]. Due to its complex multifactorial
nature, a standardised definition and diagnostic criteria have
been difficult to establish which has hindered clinical trials
and the management of this condition [3]. However, an inter-
national consensus group agreed a definition and classifica-
tion framework that described cachexia as a continuum with
three stages of clinical relevance that might be seen in one
patient: pre-cachexia (PC), cachexia and refractory cachexia
(RC) [1]. The framework recommends specific criteria for
classification of each stage in terms of weight loss, body mass
index (BMI) and the presence of sarcopenia. Other parameters
thought to play a role in cachexia, such as anorexia and sys-
temic inflammation, are discussed, but these parameters re-
quire further exploration to determine whether they should
form part of the classification criteria.
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Vigano et al. [4] applied the framework to a population
which consisted of metastatic or recurrent non-small cell lung
cancer (NSCLC) and gastrointestinal (GI) cancer patients. The
results showed that for selected outcomes, including quality of
life, hospital stay, chemotherapy dose reductions and survival,
there was no difference between the PC and cachexia groups.
However, these two groups were significantly different from
those with no cachexia and RC with median survival in the no
cachexia, cachexia and RC groups of 66.4, 39.4 and
11.1 weeks respectively (p < 0.001).

Other studies have investigated the impact of cachexia
on clinical outcomes demonstrating poorer survival [5–8],
reduced quality of life and greater burden of symptoms [5]
although only one of these studies investigated a NSCLC
population alone, with most including mixed cancer
populations.

Two of the key features of CC are skeletal muscle
wasting and systemic inflammation [1]. Skeletal muscle
wasting, or sarcopenia, has been associated with reduced
survival, reduced disease response and treatment-related
toxicities in a wide range of cancers [9–12], independent
of the presence of cachexia. C-reactive protein (CRP) has
been extensively explored in advanced cancer patients as a
proxy for inflammation with elevated levels associated
with reduced performance status, survival [13] and poor
nutritional status [14].

Many previous cachexia studies have included a num-
ber of tumour sites, which introduces some heterogeneity
in terms of the population studied as we do not know if
the metabolic changes that result from CC vary across
different tumours and locations. The majority of different
classification models lack validation and practical appli-
cation to a clinical setting including a lack of criteria for
what are thought to be important parameters such as in-
flammation and anorexia. There is also a limited under-
standing of the impact of some of these individual param-
eters on treatment outcomes.

The aims of this study were to explore the prevalence and
severity of CC in a single tumour population of advanced
NSCLC patients and to determine its relationship with che-
motherapy outcomes.

Materials and methods

Study population

Newly diagnosed stage III (locally advanced disease) and
stage IV (metastatic disease) NSCLC patients from a single
cancer centre in England and > 18 years old were recruited for
the study prior to commencing any anti-cancer treatment.
Patients who had cancers at other sites or were already receiv-
ing cancer therapy were excluded.

Planned recruitment rate

The intention was to approach all patients meeting the inclusion
criteria throughout the data collection period, and therefore, no
sampling was required, preventing any issues related to selection
bias. Approximately 15 new NSCLC patients who start first line
chemotherapy were seen at this study site each month. If all
patients were approached for inclusion, assuming an 80% re-
cruitment rate and a data collection period of 5 months, it would
result in a total of 60 patients recruited. A high recruitment rate of
80% was assumed as little data were required from patients in
addition to that already collected as part of their standard care.

Clinical data

Relevant clinical characteristics (age, gender, diagnosis, can-
cer stage, co-morbidities and current medications) were re-
corded from electronic patient records.

Assessing cancer cachexia

The presence and severity of CC was classified according to
work byVigano et al. [4] and is shown in Table 1 and included
the measures detailed below.

Physical performance/function

TheWorld Health Organization (WHO) performance status [14]
was recorded as part of the routine medical assessment, and the
data was extracted from the patients’ medical record. Muscle
strength was measured using hand grip in accordance with meth-
odology recommended by the American Society of Hand
Therapists [15] using a DynEx™ hand grip dynamometer (MD
Systems Inc., Ohio, USA) in position 1. Results were categorised
according to published centiles [16]. This was the only physical
measurement required outside of the patient’s routine care.

Biochemical and haematological measurements

CRP (mg/L), white blood cell count (WBC) (109/L), serum
albumin (g/L) and blood haemoglobin (g/L) were recorded
from routine blood results reported in the patients’ electronic
medical record.

Anthropometric measurements

Weight in light clothing (kg) and height without shoes on a
stadiometer (m) were recorded by clinic staff as part of routine
care and recorded in the electronic medical record. BMI was
calculated and categorised according to WHO criteria [17].
Patients were asked to report any unintentional weight loss
experienced in the last 6 months and this was calculated as
the percentage of weight lost.
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Body composition and presence of sarcopenia

Muscle and fat masses were assessed from diagnostic com-
puted tomography (CT) scans, and no CT scans outside of
routine care were requested. Previous studies have validated
a single slice abdominal image of skeletal and fat mass at the
lumbar vertebral landmark, L3 with total body skeletal muscle
and adipose tissue volumes [18]. Abdominal CT scans with a
5-mm slice thickness were used. Two consecutive images ex-
tending from the L3 in the inferior direction were assessed.
Cross-sectional area (cm2) was calculated for each tissue on a
workstation with automated specific tissue demarcation per-
formed using the following HU thresholds: − 29 to + 150
(skeletal muscle excluding visceral organs), − 190 to − 30
(subcutaneous and intramuscular adipose tissue) and − 150
to − 50 (visceral adipose tissue). The mean values of the two
scans were calculated and normalised for stature giving L3
skeletal muscle index in centimetre square per metre square

(cm2/m2). Calculation of appendicular skeletal muscle index
(ASMI) was used to determine whether patients were
sarcopenic. Sarcopenia is defined as ASMI < 7.26 kg/m2 for
males and < 5.45 kg/m2 for females [19]. CT analysis at L3
has been strongly related to ASMI with the above cutoff
values corresponding to cutoffs for lumbar skeletal muscle
index of 55.4cm2/m2 for males and < 38.9 cm2/m2 for females
[20]. It is these values that were therefore used to define
sarcopenia in this study.

Appetite and nutritional intake

Two short assessment tools were completed with the patients.
Appetite was assessed using the Edmonton Symptom
Assessment Scale (ESAS) where appetite is scored between
0 and 10 along a continuum where 0 equals no loss of appetite
and 10 equals worst possible lack of appetite [21]. Dietary
intake was assessed using box 2 of the Patient-Generated

Table 1 Cancer cachexia
classification [4] 0 = no cachexia

A CRP > 10 or Alb < 32 g/dL or WBC> 11,000 or HgB < 120 g/L (men) 110 g/L (women)

B Anorexia (ESAS appetite score ≥ 4/10) or decreased food intake (PG-SGA box 2 > 1)

C ≤ 5% WL over 6 months

Stage criteria A alone, B alone or C alone or none of the above

1 = pre-cachexia

A CRP > 10 or Alb < 32 g/dL or WBC> 11,000 or HgB < 120 g/L (men) 110 g/L (women)

B Anorexia (ESAS appetite score ≥ 4/10) or decreased food intake (PG-SGA box 2 > 1)

C ≤ 5% WL over 6 months

Stage criteria A + B or A + C or B + C or A + B + C

2a = cachexia

A CRP > 10 or Alb < 32 g/dL or WBC> 11,000 or HgB < 120 g/L (men) 110 g/L (women)

B Anorexia (ESAS appetite score ≥ 4/10) or decreased food intake (PG-SGA box 2 > 1)

D > 5% WL over 6 months

E PG-SGA box 4 ≤ 2 or hand-grip percentile ≥ 50
Stage cachexia A + D + E or B + D + E or A + B + D + E

2b = cachexia caused by low BMI or sarcopenia

A CRP > 10 or Alb < 32 g/dL or WBC> 11,000 or HgB < 120 g/L (men) 110 g/L (women)

B Anorexia (ESAS appetite score ≥ 4/10) or decreased food intake (PG-SGA box 2 > 1)

E PG-SGA box 4 ≤ 2 or hand-grip percentile ≥ 50
F BMI < 20 + WL > 2% or sarcopenia + WL> 2%, male sarcopenia: ASMI < 7.26 kg/m2,

female sarcopenia: ASMI < 5.45 kg/m2

Stage criteria A + E + F or B + E + F or A + B + E + F

3 = refractory cachexia

A CRP > 10 or Alb < 32 g/dL or WBC> 11,000 or HgB < 120 g/L (men) 110 g/L (women)

B Anorexia (ESAS appetite score ≥ 4/10) or decreased food intake (PG-SGA box 2 > 1)

D > 5% WL over 6 months

G PG-SGA box 4 > 2 or hand-grip percentile < 50

Stage criteria A + D + G or B + D + G or A + B + D + G

Alb albumin, ASMI appendicular skeletal muscle index, BMI body mass index, CRP C-reactive protein, ESAS
Edmonton Symptom Assessment System, HgB haemoglobin, PG-SGA Patient-Generated Subjective Global
Assessment, WBC white blood cell,WL weight loss
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Subjective Global Assessment as per other cachexia classifi-
cation studies [22].

Chemotherapy outcomes

Data was collected from the patients’ medical records.
Radiological response to chemotherapy was based on
RECISTcriteria version 1.1 [23]. Secondary outcomes includ-
ed the number of chemotherapy cycles completed, the number
of cycles delayed and the number of dose reductions.

Statistical analysis

All data analysis was performed using the SPSS software
(IBM, version 24). Categorical variables are presented as per-
centages with 95% confidence intervals (CIs) and continuous
variables as means and standard deviations (SD) if normally
distributed. Medians and interquartile ranges (IQRs) are pre-
sented where variables were not normally distributed.
Spearman’s rank correlation or Kendall’s tau-B correlation
as well as Fisher’s exact test were performed to explore rela-
tionships between selected variables. All results were deemed
statistically significant when p ≤ 0.05, but significant findings
between p = 0.01 and p = 0.05 should be treated as tentative,
pending another analysis with more data.

Ethics

This study was approved by NRES Committee London-
Central and by the Faculty of Health, Social Care and
Education at St George’s University, London. Informed written
consent was obtained from all participants. Confidentiality, an-
onymity and other relevant ethical issues have been observed.

Results

Recruitment and data collection

A total of 24 patients were recruited to the study. Twenty-
seven patients were approached to take part with only 3 de-
clining demonstrating an 89% recruitment success exceeding
that predicted (80%). However, the overall number recruited
was considerably less than the 60 patients predicted. Full data
sets were not achieved for 12 (50%) of patients as 5 patients
(21%) did not have a CT scan available (either due to a scan
not being performed or being of too poor quality to assess) and
5 patients (21%) missing laboratory results, mainly CRP.

Demographic and baseline nutritional measures

The demographic and clinical data for all patients are shown in
Table 2 with the nutritional measures and assessments shown

in Table 3. The majority were males (n = 17, 71%), with a
mean age of 65 years, and 17 (71%) had stage IV disease.
Mean BMI was 23.4 kg/m2 with 4 patients (17%) having a
BMI < 18.5 kg/m2 indicating the presence of malnutrition.
Nine patients (38%) had lost > 10% of their body weight prior
to recruitment, and 12 (50%) were classified as sarcopenic.

Cachexia classification

Cachexia could be classified in 22/24 (92%) patients. Due to
the small numbers of cases in each category and because of
missing data, the PC and cachexia stages were collapsed to
form one cachexia category, and results are shown in Table 4.
Patients were classified with no cachexia (n = 4, 18%), PC
(n = 4, 18%), cachexia (n = 3, 14%) (or combined PC and
cachexia (n = 7, 32%)) and RC (n = 11, 50%).

Stage of cachexia and chemotherapy outcomes

Only 13/24 (52%) patients recruited went on to receive che-
motherapy with the rest either having no treatment, palliative
radiotherapy only or biological therapy. The relationship be-
tween the stage of cachexia and chemotherapy outcomes is
shown in Table 5. There was no statistically significant rela-
tionship between the radiological response to chemotherapy
(r = − 0.366, p = 0.179) and the number of chemotherapy cy-
cles delayed (r = 0.168, p = 0.516) or dose reduced (r = 0.161,
p = 0.543) with cachexia stage; however, there was a moderate

Table 2 Demographic and clinical characteristics

Variable n (%) Median (SD)

Age 24 (100) 64.8 (± 13.8)

Gender

Male 17 (71)

Female 7 (29)

NSCLC sub-type

Adenocarcinoma 2 (8)

Squamous cell 18 (75)

Non-differentiated 4 (17)

Cancer stage

Stage III (locally advanced) 7 (29)

Stage IV (metastasised) 17 (71)

Adrenal 4

Brain 2

Bone 7

Liver 2

Lung 8

Chemotherapy received

Yes 13 (54)

No 10 (42)
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negative correlation between the number of chemotherapy
cycles completed and cachexia stage (r = 0.431, p = 0.030)

indicating that as the stage of cachexia progressed, the number
of chemotherapy cycles completed reduced.

Sarcopenia, CRP and chemotherapy outcomes

The results did not identify any statistically significant rela-
tionships between the presence of sarcopenia and any of the
chemotherapy outcomes (Table 6).

CRP was dichotomised for the purpose of this analysis into
the upper and lower 50th centiles, and associations with chemo-
therapy outcomes are shown in Table 7 with significant differ-
ences identified between those with a CRP in the lowest 50th
centile and the highest 50th centile in relation to chemotherapy
dose reductions (p = 0.047). Additionally, correlation analysis
with CRP (as a continuous variable) and chemotherapy out-
comes is shown in Table 6. A moderate negative relationship
was identified between CRP and the number of chemotherapy
cycles completed (r = 0.466, p = 0.044) indicating as CRP in-
creased the number of chemotherapy cycles completed reduced.
There was also a strong positive relationship between CRP and
the number of chemotherapy dose reductions (r = 0.616, p =
0.044) suggesting that as CRP rises so too does the number of
dose reductions required. There was no significant relationship
with radiological response or chemotherapy cycles delayed.

Discussion

The aims of this study were to explore the prevalence and
severity of CC in a single tumour population of advanced
NSCLC patients and to determine its relationship with che-
motherapy outcomes. The results indicate a high prevalence of
cachexia in this population, but there was insufficient evi-
dence of a relationship between the stage of cachexia and
response to chemotherapy; however, the small sample size is
a significant limitation in drawing any strong conclusions.

The prevalence of cachexia by stage was 18% with no
cachexia, 18% with PC, 14% with cachexia and 50% with
RC. Even with the wide confidence intervals, these results
are still suggestive of a high prevalence of at least some degree
of cachexia in this population and Vigano et al. [4] found
similar results to this study with 29% having no cachexia,
14% PC, 24% cachexia and 34% RC. Using the classification
model proposed by Vigano et al. [4], it was possible to cate-
gorise all patients with a stage of cachexia where complete
data sets were available although this does suggest that this
model may have limited applications to the clinical setting if
the data required is not always routinely available.

There was insufficient evidence of a relationship between
the stage of cachexia and response to chemotherapy, which
may be because of the small sample size. Only 13/24 (54%)
patients recruited went on to receive chemotherapy with 10
(40% of total sample) having a beneficial response to the

Table 3 Cachexia measures and assessments

Variable n (%) Median (IQR)

Weight (kg) 24 66.7 kg (± 14.1)*

Height (m) 24 1.69 m (± 0.09)*

BMI (kg/m2) 24 23.4 (± 4.7)*

< 18.5 4 (17)

18.5–24.9 12 (50)

25–29.9 6 (25)

≥ 30 2 (8)

Weight loss in previous 6 months (%) 23 6.7 (0.5–17.0)

< 5% 9 (38)

5–10% 5 (21)

> 10% 9 (38)

Skeletal muscle area L3 (cm2) 19 121.7 (103.3–154.7)

Total adipose tissue area L3 (cm2) 19 289.1 (104.0–402.6)

Skeletal muscle index L3 (cm2/m2) 19 42.9 (40.2–50.4)

Adipose tissue index L3 (cm2/m2) 19 101.6 (33.2–157.3)

Sarcopenia

Yes 12 (50)

No 7 (29)

Hand grip strength (kg) 24 20.2 (15.7–26.8)

ESAS appetite score 24 4.5 (0.3–6.8)

Patient-Generated Subjective Global Assessment

0 4 (17)

1 9 (38)

2 7 (29)

3 4 (17)

CRP (mg/L) 19 43.0 (5.0–82.0)

Albumin (mg/L) 21 39.0 (34.5–41.5)

Haemoglobin (g/L) 21 124.0 (107.5–143.5)

White cell count (× 10 × 9/L) 22 11.3 (8.6–16.8)

Performance status

0 12 (50)

1 2 (8)

2 6 (25)

3 4 (17)

Median and IQR are reported except where the asterisk symbol indicates
mean and SD

Table 4 Prevalence and stage of cachexia

Cachexia stage n (%) 95% CI of percentage

No cachexia 4 (18) 4.6–36.4

Combined PC + cachexia 7 (32) 13.6–50.0

Pre-cachexia 4 (18) 4.6–36.46

Cachexia 3 (14) 0.0–27.3

Refractory cachexia 11 (50) 27.3–72.7
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treatment. Only a small proportion gaining benefit to treatment
is not unexpected in a population of advanced NSCLC patients
with other studies showing similar response rates to palliative
chemotherapy [24]. Although no relationship between the stage
of cachexia and response to chemotherapy was identified, there
was a trend towards worsening rates of response as cachexia
severity increased. There was a 100% response rate in the no
cachexia group, 75% in the cachexia group and only 60% in the
RC group. However, this is speculative but may be a trend that
warrants further exploration in future research. There was a
statistically significant relationship between the number of che-
motherapy cycles completed and the stage of cachexia (r =
0.431, p = 0.030) with those having no cachexia receiving all
four planned cycles. This may be expected given those with no
cachexia would generally have the greatest performance status
and fitness [1]; however, significant findings between p = 0.01
and p = 0.05 should be treated as tentative, pending further
analysis with more data given the small sample size.

The results did not identify any statistically significant re-
lationships between the presence of sarcopenia and any of the

chemotherapy outcomes. These findings supported by larger
study which included 100 NSCLC patients [25], however, are
in direct contrast to other findings that have demonstrated a
reduced disease response and increased treatment toxicities
with the presence of sarcopenia [9, 10] although these were
also relatively small studies, both with sample sizes of 55.

Statistically significant negative relationships were identified
between CRP and the number of chemotherapy cycles complet-
ed (r = −0.466, p = 0.044) and the number of dose reductions
(r = 0.616, p = 0.044). No literature was identified that had ex-
plored similar relationships as most studies in relation to CRP
and cachexia have explored an elevated CRP as an independent
predictor of survival [26, 27] but did not explore its associations
with outcome to chemotherapy. However, it can be hypothesised
that given the integral role of an inflammatory response in the
pathophysiology of CC [1, 28] that as this response intensifies so
too does the degree of cachexia and hence could predict a re-
duced tolerance and response to chemotherapy. This provides
sufficient evidence to at least further explore the predictive abil-
ity of CRP in terms of chemotherapy outcomes and its inclusion

Table 5 Relationship between cachexia stage and chemotherapy outcomes

NC (n) Cachexia (n) RC (n) r (p) 95% CI

Radiological response to chemotherapy − 0.366 (0.179) − 0.390–0.734
Responder 4 3 3

Non-responder 0 1 2

Chemotherapy cycles completed − 0.431 (0.030)† − 0.718 to − 0.053
0 0 3 5

1 0 0 2

2 0 1 0

3 0 0 1

4 4 3 2

Chemotherapy cycles delayed 0.168 (0.516) − 0.346–0.667
0 3 2 2

1 0 1 2

2 1 1 1

Chemotherapy dose reductions 0.161 (0.543) − 0.415–0.643
0 3 2 3

1 1 2 1

2 0 0 1

† Statistically significant p values < 0.05

Table 6 Correlation between the
presence of sarcopenia and CRP
with chemotherapy outcomes

CRP Sarcopenia

r p 95% CI r p 95% CI

Radiological response 0.524 0.098 0.198–0.867 − 0.048 0.886 − 0.764–0.513
Chemotherapy cycles completed 0.466 0.044† − 0.830–0.007 0.091 0.778 − 0.500–0.764
Chemotherapy cycles delayed 0.081 0.813 − 0.596–0.773 0.165 0.605 − 0.499–0.629
Chemotherapy cycles dose reduced 0.616 0.044† 0.061–0924 0.429 0.199 0.167–0.816

† Statistically significant p values < 0.05
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as part of routine assessment for newly diagnosed NSCLC pa-
tients especially considering that CRP as a component of GPS
has been proposed as a potential objective diagnostic tool for
cancer cachexia [29] and has been shown to be a better prog-
nostic factor than weight loss [30].

This study included a homogenous population of palliative
NSCLC unlike many other cachexia studies that have included a
mix of cancer types and stages. There was no sampling with the
aim of approaching all patients whomet the inclusion criteria in a
set period of time. For this reason, the results and conclusions
drawn could be generalisable to the wider NSCLC although this
should be interpretedwith caution considering the low number of
patients recruited to this single centre study. This study used a
multicomponent cachexia classification tool which is based on
the universally accepted criteria for CC [1]. However, this tool
has had limited validation and involves a complex grading sys-
tem that may limit its application to clinical practice.

The major limitation to this study is the small sample size
limiting the statistical power and precision of the findings. The
small sample size also resulted in the need to collapse the PC
and cachexia categories which meant the full extent of the
classification model and its categories could not be explored.

Careful planning to overcome some of the pitfalls in
recruiting to observational studies in advanced cancer patients
is required. Less than 50% of the predicted recruitment rate
was achieved with only 24 patients included. This was due to
competition with several other observational and intervention
studies taking place and because fewer number of patients
receiving first line palliative chemotherapy than predicted,
instead receiving targeted biological therapies. Although a
prospective study, there was still a significant amount of miss-
ing data, in particular a lack of availability of blood tests and
CT scans which suggests, although important to limit the bur-
den on participants where necessary, additional investigations
should be sought with the patient’s consent, to ensure com-
plete data for analysis. Observational studies in advanced lung
cancer patients should ideally involve multiple research sites
to broaden the access to patients and improve the

generalisability of the results. If adequate numbers of patients
can be accessed for similar research, the findings here indicate
a high uptake to the study can be achieved.

Conclusions

Limitedconclusionscanbedrawnintermsofclinicalpracticegiven
the small sample size and limited statistical power of the analysis
undertaken. However, the results are suggestive of a high preva-
lenceof cachexia in advanced stageNSCLCpatientswith amajor-
ity presenting with some degree of cachexia at diagnosis. The ca-
chexiaassessment toolwasable tocategoriseallpatientswithcom-
plete data sets into an appropriate stage of cachexia; however, this
study was not able to provide any validation in terms of how the
different stagesof cachexia predictedoutcome to chemotherapy.A
relationship was identified between the increasing severity of ca-
chexia anda lowernumberofchemotherapycyclescompleted,but
this needs to be confirmed by larger studies.

Individual variables such as the presence of sarcopenia and
CRP appeared to have no associations with chemotherapy
outcomes. Although a negative relationship was identified
between an increasing CRP and the number of chemotherapy
cycles completed and the number of dose reductions required,
these need further exploration in larger studies before any firm
conclusions can be drawn.
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