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Abstract

Despite the development of consensus-based frameworks to define cancer cachexia, the validity and usefulness of these frameworks are

relatively unknown. The aim of the present study was to study the presence of pre-cachexia and cachexia in patients with stage III non-

small-cell lung carcinoma (NSCLC) by using a cancer-specific framework and a general framework for cachexia, and to explore the prog-

nostic value of pre-cachexia and cachexia. In forty patients at diagnosis of stage III NSCLC, weight loss, fat-free mass, handgrip strength,

anorexia and serum biochemistry, assessed before the first chemotherapy, were used to define ‘cancer cachexia’ or ‘cachexia’. The cancer-

specific framework also classified for pre-cachexia and refractory cachexia. Additionally, quality of life was assessed by the European

Organisation for Research and Treatment of Cancer – Quality of Life Questionnaire C30. Groups were compared using independent t

tests, ANOVA, Kaplan–Meier and Cox survival analyses. Based on the cancer-specific framework, pre-cachexia was present in nine patients

(23 %) and cancer cachexia was present in seven patients (18 %). Cancer cachexia was associated with a reduced quality of life (P¼0·03)

and shorter survival (hazard ratio (HR) ¼ 2·9; P¼0·04). When using the general framework, cachexia was present in eleven patients (28 %),

and was associated with a reduced quality of life (P¼0·08) and shorter survival (HR ¼ 4·4; P¼0·001). In conclusion, pre-cachexia and

cachexia are prevalent in this small population of patients at diagnosis of stage III NSCLC. For both frameworks, cachexia appears to

be associated with a reduced quality of life and shorter survival. Further studies are warranted to more extensively explore the validity

and prognostic value of these new frameworks in cancer patients.
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Cachexia is a complex metabolic syndrome characterised by

ongoing loss of body weight and skeletal muscle mass, which

cannot be fully reversed by conventional nutritional support(1).

The pathophysiology of cachexia encompasses a negative pro-

tein and energy balance, driven by a variable combination of

reduced food intake and abnormal metabolism. Cachexia is fre-

quently observed in patients with cancer, and is associated with

progressive functional impairment, intolerance to anticancer

treatment and shorter survival(1–3).

The severity of cachexia in patients with cancer varies from

non-symptomatic inflammatory derangements and minimal

weight and muscle loss in the early stage to severe muscle

wasting and low performance status in patients not respond-

ing to anticancer treatment(4).

In order to define and stage cachexia, a number of frame-

works in patients with chronic diseases(1,5) and cancer(4,6–8)

have been described. Recently, an international expert group

proposed a conceptual framework for cancer cachexia, with a

classification for three stages of clinical relevance: pre-cachexia,

cachexia and refractory cachexia(4). Overall, existing instru-

ments use slightly different nutritional and inflammatory par-

ameters and cut-off points to define pre-cachexia and cachexia.

Despite the growing understanding of the pathophysiology

and staging of cachexia, assessment of cachexia in clinical
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practice is limited. These studies clearly showed the occur-

rence of weight loss and features of cachexia in patients

with cancer.

In patients with lung cancer, high prevalences of involun-

tary weight loss have been reported(9–11). Lung cancer is fre-

quently associated with cachexia. Weight loss in patients with

lung cancer was associated with systemic inflammation, loss of

muscle mass, an increased acute-phase response, decreased

levels of the anabolic hormone insulin-like growth factor-I(12)

and hypermetabolism(12,13). Weight loss was also associated

with reduced quality of life(14), response to chemotherapy(15)

and survival(9,16) in patients with lung cancer.

The staging of cachexia in patients with lung cancer has not

been described, but could help clinicians to decide on early

interventions or cachexia treatment. Up to now, the validity

and usefulness of cachexia instruments in patients with

cancer is unknown, and the recognition and nutritional man-

agement of cancer cachexia remains unsatisfactory(1).

Comprehensive data of cancer populations could give more

insight into the pathophysiology of (pre)cachexia, and could

be used to apply cachexia frameworks and to investigate the

outcomes and differences between frameworks. Therefore,

we aimed to retrospectively study the presence of (pre)

cachexia at diagnosis of stage III non-small-cell lung cancer

(NSCLC), using recently described consensus-based frame-

works(1,4,5), and to explore the prognostic value of pre-

cachexia and cachexia. Second, we explored quality of life,

and nutritional and inflammatory parameters associated

with (pre)cachexia. We hypothesise that (pre)cachexia is pre-

sent in this locally advanced patient population and that

cachexia is associated with a decreased quality of life and

shorter survival.

Materials and methods

Patients

Between March 2005 and October 2007, forty patients

with histologically or cytologically proven stage III NSCLC,

aged 18–80 years and having a life expectancy of at least

3 months, were included at the start of concurrent chemora-

diotherapy. Patients were excluded if they had undergone

surgery, chemotherapy or radiotherapy during the previous

month; if they had oedema, ascites or severe co-morbidities;

or if they used high-dose corticosteroids or fish oil supplements.

Data used for the present retrospective analysis were col-

lected at the inclusion for a prospective double-blind random-

ised controlled trial that has been carried out at our centre

from 2005 to 2008. Out of fifty-five enrolled patients, four

patients did not meet the inclusion criteria, nine patients

refused to participate and two had disease progression

(Fig. S1, available online). We used the baseline and survival

data of forty patients, irrespective of the intervention in the

trial. After carrying out baseline measurements, patients

were randomly assigned to receive two cans per d of either

a protein- and energy-dense oral nutritional supplement con-

taining n-3 PUFA or an isoenergetic control oral nutritional

supplement during 5 weeks of chemoradiotherapy(17).

Throughout chemoradiotherapy, the dietitian monitored

dietary intake and provided dietary counselling. Tube feeding

was indicated in the case of an (expected) oral intake of

,75 % of energy requirements for more than 3 d, combined

with the inability to increase energy intake by oral food or

sip feeds.

The present study was conducted according to the guidelines

laid down in the Declaration of Helsinki, and all procedures

involving human patients were approved by the Medical Ethics

Committee of the VU University Medical Center, Amsterdam,

The Netherlands. Written informed consent was obtained from

all patients.

Baseline measurements

At baseline, before the start of chemoradiotherapy, weight

loss, BMI, fat-free mass (FFM), energy expenditure, anorexia,

inflammation, muscle strength, quality of life and physical

activity were assessed.

Weight loss and BMI

Pre-illness weight, unintentional weight loss in the last month

and during the last 6 months and height were recorded. Body

weight, without shoes and wearing light clothing, was

measured on a compact digital flat scale (SECA 888) to the

nearest 0·2 kg. BMI was calculated by dividing body weight

(kg) by the square of the height (m).

Fat-free mass

Bioelectrical impedance spectroscopy (Hydra 4200, Xitron

Technologies) was performed to assess FFM. Whole-body

resistance was measured with four surface electrodes placed

on the right wrist and ankle, as previously described(18).

Briefly, the principle was based on the application of a vari-

able electrical current between 50 and 700mA produced by

a generator and applied to the skin using adhesive electrodes

(3M red Dot Ag/AgCl) with the subject lying supine(19). FFM

was calculated from resistance and reactance at the frequency

of capacitance by using the Kyle Geneva equation(20).

The phase angle of bioelectrical impedance at 50 kHz

was calculated using the following equation: phase angle ¼

(resistance/reactance) £ (180/p). The cut-off point for patients

with lung cancer, described by Gupta et al.(21), was used to

classify patients with a low (#5·3) and high (.5·3) phase

angle.

Energy expenditure

Resting energy expenditure (REE) was measured by a venti-

lated hood system (Deltatrac, Datex); CO2 production

(VCO2) and O2 consumption (VO2) were measured at com-

plete rest for a period of 30 min. REE was calculated using a

modified Weir equation(22,23). To estimate total energy expen-

diture (TEE), 30 % was added to REE, assuming a physical

activity level of 1·3 for sedentary patients with cancer(24).

B. S. van der Meij et al.2232
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Anorexia

Patients recorded their appetite on a visual analogue scale

(VAS), 10 cm in length(25). Patients’ energy intake, assessed

by a 24 h dietary recall, was expressed as percentage of TEE.

Anorexia and/or reduced food intake were identified by the

presence of appetite ,5 cm (VAS), energy intake ,84 kJ/kg

body weight per d (84 kJ (20 kcal)/kg)(11) or energy intake

,70 % of TEE(1).

Inflammation. Non-fasting blood samples were taken sim-

ultaneously with usual blood samples for chemotherapy.

Plasma concentrations of C-reactive protein (CRP) were

measured with an automated latex-enhanced immunoturbidi-

metric assay on a Modular P analyser (reference: 0–8 mg/l)(26).

Serum IL-6 was measured by commercially available ELISA

(Pelikine compact human ELISA kits, Sanquin) (reference:

0–4 pg/ml). Whole-blood Hb was determined by spectropho-

tometry on a Cell-Dyn Sapphire analyser (Abbott Diagnostics)

(reference: $7·3 mmol/l or $117 g/l)(27). Serum albumin

concentrations were chemically determined on a Modular

P analyser (ACN 760, 11815148 216, Roche Diagnostics)

(reference: $320 g/l)(28).

Muscle strength. Muscle strength was measured by hand-

grip strength in the non-dominant hand using a hydraulic

hand dynamometer (Baseline, Fabrication Enterprises). The

patient performed two maximal isometric contractions while

sitting, with the shoulder adducted and neutrally rotated,

elbow flexed at 908 and the forearm and wrist in neutral pos-

ition. The average of two measurements was recorded, and

compared with age- and sex-dependent reference values for

handgrip strength(29).

Additional parameters. We assessed additional parameters

that could be related to cancer cachexia, such as quality of life,

physical activity level and survival.

The investigator recorded the Karnofsky Performance Score,

a valid and widely used instrument to quantify the functional

status of cancer patients. The Karnofsky Performance Score

ranges from 0 to 100, with a higher score indicating a better

ability to carry out normal daily activities and work(30,31).

Patients filled out the European Organisation for Research

and Treatment of Cancer – Quality of Life Questionnaire

C30 (EORTC-QLQC30) questionnaire, a multidimensional

validated cancer-specific measure that includes global

health status, physical status, functional and symptom scales

(i.e. fatigue)(12,17,18).

Physical activity was assessed by the Physical Activity Moni-

tor accelerometer. Patients were instructed to wear the Physical

Activity Monitor for seven consecutive days on the hip (model

AM101, 28 g, 59 £ 43 £ 10 mm, PAM B.V.)(32). The Physical

Activity Monitor produces a single index score, which is a

proxy measure of total daily physical activity. Every three

points of the physical activity score reflects about 10 min

walking. The Physical Activity Monitor also produces minutes

of low- and moderate-intensity activities; low-intensity physical

activity corresponds with small in-house movements and

moderate-intensity activity corresponds with walking(33).

Definition of pre-cachexia and cachexia

We used two consensus-based frameworks to define

cachexia: a cancer-specific and a non-disease-specific general

framework. With the cancer-specific framework, we defined

pre-cachexia, cancer cachexia and refractory cancer cachexia,

as proposed by, respectively, the European Society for

Parenteral and Enteral Nutrition (ESPEN) Special Interest

Group ‘cachexia–anorexia in chronic wasting diseases’(1) and

an international panel of experts in clinical cancer cachexia

research(4). Second, we used the general framework for

cachexia in chronic illness, as described by Evans et al.(5).

Some of the parameters and cut-off points not specifically

given a reference citation in the sections below were not

described in frameworks, and therefore retrieved from available

unspecified literature and, where necessary, from experts.

Cancer-specific framework for cachexia

Cancer pre-cachexia(1):

(1) Unintentional weight loss of 0 to#5 % during the previous

6 months.

(2) Anorexia (the presence of either: appetite ,5 cm (VAS),

energy intake ,84 kJ/kg body weight per d (84 kJ

(20 kcal)/kg)(11) or energy intake ,70 % of TEE(1)).

(3) Systemic inflammation (CRP $8 mg/l, the upper limit of

normality).

Cancer cachexia(4):

(1) Weight loss .5 % during the previous 6 months or BMI

,20 kg/m2 and weight loss .2 % or sarcopenia (FFM

index ,5th percentile of age- and sex-specific reference

values(34) and weight loss .2 %).

(2) Reduced food intake (the presence of either: appetite

,5 cm (VAS), energy intake ,84 kJ/kg body weight per d

(84 kJ (20 kcal)/kg)(11) or energy intake , 70 % of TEE(1)).

(3) Systemic inflammation (CRP $8 mg/l, the upper limit of

normality)

Refractory cancer cachexia(4):

(1) Variable degree of ‘cancer cachexia’.

(2) Cancer disease both pro-catabolic and not responsive to

anticancer treatment.

(3) Low performance score (Karnofsky Performance Score

,50, indicating that a patient is unable to care for self).

(4) , 3 months expected survival.

General framework

The non-disease-specific general framework for cachexia(5)

includes the combination of weight loss of $5 % in 6

months or BMI ,20 kg/m2, combined with at least three of

the following five criteria:

(1) Decreased muscle strength.

Handgrip strength below the lowest tertile extracted from

age- and sex-specific reference values(29).

(Pre) cachexia in stage III lung cancer 2233
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(2) Fatigue (score of 3 or 4 according to the EORTC-QLQC30

symptom scale(12)).

(3) Anorexia (the presence of: appetite ,5 cm (VAS), energy

intake ,84 kJ/kg body weight per d (84 kJ (20 kcal)/

kg)(11) or energy intake ,70 % of TEE(1)).

(4) FFM index below the 10th percentile by age- and sex-

specific reference values(13).

(5) One or more abnormal serum biochemistry parameters:

CRP .5 mg/l, Hb ,120 g/l or 117 g/l, serum albumin

,320 g/l or IL-6 .4 pg/ml(6).

Statistical analysis

Statistical analysis was performed using SPSS for Windows

(version 17.0, SPSS, Inc.). Groups with no cachexia,

pre-cachexia and cachexia were compared for serum bio-

chemistry, REE, quality of life and physical role, emotional,

cognitive and social functioning. Independent samples t tests

were performed to compare groups with no cachexia and

cachexia. For variables that were not normally distributed,

non-parametric tests were performed to compare group

differences. Frequencies within groups for nominal character-

istics were compared by Pearson’s x 2 tests. Differences

between three groups (no cachexia, pre-cachexia and cachexia)

were testedbyone-wayANOVA.Correlations between variables

were investigated by Pearson’s correlation tests.

Group survival, from the date of the start of concurrent che-

moradiotherapy (from 15 March 2005 until 30 October 2007)

until death or follow-up visit (17 November 2011), was gener-

ated by the method of Kaplan and Meier and compared by

means of the log-rank test. Second, the multivariate Cox’s

regression proportional hazards model was used to analyse

hazard ratios (HR) for survival. Cachexia was the independent

variable, and the model was adjusted for confounding factor(s)

(based on a .10 % change of OR, after adding a single factor:

sex, age and/or tumour stage: IIIa v. IIIb). Median survival was

displayed with the standard error; P values ,0·05 were con-

sidered to be statistically significant.

Results

Patients

A total of forty patients with histologically or cytologically

proven stage IIIa (n 16) or stage IIIb (n 24) NSCLC were studied,

nineteen females and twenty-one males, with a median age of

57 (range 39–80) years. The average amount of weight loss

during the previous 6 months was 1·9 (SD 6·5) % of pre-illness

weight. The overall median survival was 25·0 (SD 8·7) months.

Baseline patient characteristics are displayed in Table 1.

Cancer-specific framework

Using the two consensus-based frameworks of the ESPEN

Special Interest Group(1) and Fearon et al.(4), we classified

pre-cachexia in nine patients (23 %) and cachexia in seven

patients (18 %). The remaining twenty-four patients were

classified as no-cachexia patients (Table 2). None of the

patients met the criteria of refractory cancer cachexia:

measurements were carried out at diagnosis, just before start-

ing anticancer treatment, and the Karnofsky performance

score was relatively high (70–100) and the expected survival

was at least 3 months in all patients.

Quality of life was significantly different among no-cachexia,

pre-cachexia and cachexia groups (P¼0·03), but other function

scales (such as physical function) did not significantly differ

between groups. Survival was non-significantly different

between no-cachexia, pre-cachexia and cachexia groups in uni-

variate analysis (24 (SD 11·6) v. 32 (SD 1·5) v. 9 (SD 9·2) months,

Table 1. Baseline characteristics for patients with stage III non-small-cell lung cancer, specified for groups with no cachexia, pre-cachexia and
cachexia, as defined by different consensus-based frameworks

(Mean values and standard deviations; number of participants and percentages)

Cancer General

Overall
(n 40)

No cachexia
(n 24)

Pre-
cachexia
(n 9)

Cachexia
(n 7)

No cachexia
(n 29)

Cachexia
(n 11)

Mean SD Mean SD Mean SD Mean SD P Mean SD Mean SD P

Age (years) 57·8 10·1 57·7 11·1 57·0 8·1 59·0 10·0 0·93* 57·4 9·9 58·6 11·2 0·75†
Female 0·59‡ 0·58‡

n 19 12 3 4 13 6
% 47·5 50 33 57 45 55

Tumour stage 0·64‡ 0·77‡
IIIa

n 16 11 3 2 12 4
% 40 46 33 29 41 36

IIIb
n 24 13 6 5 17 7
% 60 54 67 71 59 64

Weight change in previous
6 months (%)

21·3 4·5 0·3 5·5 20·5 1·0 211·6 5·0 ,0·001* 0·9 4·3 29·5 5·2 ,0·001†

BMI (kg/m2) 23·9 3·5 24·5 3·5 23·5 2·8 22·5 4·2 0·36* 24·4 3·4 22·6 3·5 0·14†

*ANOVA (comparing no-cachexia, pre-cachexia and cachexia groups).
† Independent samples t test for equality of means (comparing no-cachexia and cachexia groups).
‡Pearson’s x 2 test (comparing no-cachexia and (pre)cachexia groups).
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respectively; P¼0·21) (Fig. 1). Multivariate analysis with no

cachexia as the reference category, corrected for sex and

tumour stage, showed a significantly shorter survival in patients

with cancer cachexia (HR 2·93; 95 % CI 1·03, 8·34; P¼0·04), but

not in patients with pre-cachexia (HR 0·78; 95 % CI 0·30, 2·03;

P¼0·62).

General framework

Using the general framework to define cachexia, we identified

eleven (28 %) out of forty patients with cachexia and twenty-

nine patients (72 %) as having no cachexia (Table 2). The

four patients who were classified as cachectic using the gen-

eral definition, but not when using the cancer-specific frame-

work, did not experience anorexia, but scored positive in at

least three other features of the general definition (Table 3).

Cachexia tended to be associated with a trend for a lower

quality of life (P¼0·08). Between the general no-cachexia

and the cachexia groups, median survival was significantly

different (respectively, 32·0 (SD 4·5) v. 10·0 (SD 3·7) months;

P,0·01) (Fig. 2). In multivariate analysis, corrected for con-

founding by sex and tumour stage, cachexia remained signifi-

cantly associated with a shorter survival (HR 4·2; 95 % CI 1·7,

10·0; P¼0·001).

Cachexia features

Approximately 50 % of non-cachectic patients scored posi-

tively on cachexia features, such as fatigue, anorexia, reduced

handgrip strength and upper arm circumference, or increased

CRP. In general, low percentages of patients scored positively

on a reduced FFM index, albumin or Hb (Table 3).

For all instruments, groups with cachexia showed higher

levels of CRP and IL-6 and a lower Hb and serum albumin

than patients with no cachexia (P,0·01) (Table 4). CRP was

positively correlated with IL-6 (r 0·55, P,0·01), and negatively

correlated with Hb (r 20·47, P,0·01) and serum albumin

(r 20·71, P,0·01). The remaining inflammatory parameters

were also significantly correlated with one another. Using

different cut-off points for CRP (.5 or 10 mg/l instead of

.8 mg/l) did not change the presence of pre-cachexia and

cachexia in individual patients (data not shown).

Of all patients, twelve (30 %) had a weight loss of at least 5 %

in the previous 12 months or less, three (8 %) had a FFM index

below the 5th percentile of reference values, twenty-seven

(68 %) had decreased handgrip strength (below the lowest ter-

tile of reference values), nineteen (48 %) experienced fatigue

and twenty-three (58 %) experienced anorexia or reduced

food intake. When comparing individual levels of inflammatory

parameters with their reference values, CRP and serum IL-6

were elevated in, respectively, twenty-eight (70 %) and

twenty (50 %) patients, and Hb and serum albumin were

decreased in eight (20 %) and seven (18 %) patients, respect-

ively (Table 3).

Additional parameters

REE per kg FFM, physical activity and phase angle were non-

significantly different between groups. However, physical

activity appeared to be lower in cachexia patients (Table 4).

Discussion

The purpose of the present explorative study was to study

the presence of pre-cachexia and cachexia in patients with

stage III NSCLC, by using consensus-based conceptual frame-

works, which have not yet been applied or validated in popu-

lations of patients with cancer. Second, we explored the

association of (pre)cachexia with survival and quality of life.

Although we are gaining knowledge on the pathophysiol-

ogy and treatment of cancer cachexia, little is known about

the typical profile and staging of cachexia. We chose to

apply the only two available consensus-based frameworks to

define cachexia. These frameworks were both comprehen-

sive, but differed in the kind of parameters to define cachexia.

The cut-off point of essential parameters, e.g. weight loss, is

still a subject of debate. Therefore, we were interested in the

outcomes of these two instruments when applied in a small,

heterogeneous population of patients with locally advanced

cancer.

These frameworks defined cachexia and described the clini-

cal features associated with cachexia. More recently published

proposals that aimed to grade the severity of cachexia led to

the definition of pre-cachexia(1,4). Using these proposals, it is

possible to identify cancer patients with pre-cachexia: early-

stage cachexia, characterised by moderate systemic inflam-

mation and metabolic alterations, and minimal weight loss.

0 10 20 30 40 50 60 70 80
0

50

100

Time (months)

S
u

rv
iv

al
 (

%
)

No. of patients at risk 0 10 20 30 40 50
No cachexia: 24 18 14 11 9 7
Pre-cachexia: 9 8 7 6 4 3
Cachexia: 7 3 2 2 1 1

Fig. 1. Kaplan–Meier survival functions for no cachexia ( ; n 24),

pre-cachexia ( ; n 9) and cachexia ( ; n 7) in patients with stage III

non-small-cell lung cancer, defined by the European Society for Parenteral

and Enteral Nutrition Special Interest Group and cancer-specific framework

of Fearon et al.(4,35). P¼0·21.

Table 2. Number of patients with stage III non-small-cell lung cancer
classified as having no cachexia, pre-cachexia and cachexia

Cancer

No cachexia Pre-cachexia Cachexia Total

General
No cachexia 20 9 0 29
Cachexia 4 0 7 11

Total 24 9 7 40

(Pre) cachexia in stage III lung cancer 2235
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Patients with pre-cachexia are not always recognised by clin-

icians or nutritional screening instruments, while nutritional

support is expected to prevent progressive loss of body

weight and FFM. On the contrary, treatment options for

cachexia are limited.

In the present population of patients at diagnosis of stage III

NSCLC, pre-cachexia was prevalent in 23 %, but only the frame-

work proposed by the ESPEN Special Interest Group(1) defines

pre-cachexia, while the general framework of Evans et al.(5)

only defines cachexia. Cachexia was also prevalent in the pre-

sent population, but the cancer-specific framework and the

general framework for cachexia found a different number of

patients with cachexia (respectively, 18 and 28 % by the

cancer-specific and non-disease-specific general framework).

A number of studies showed the association between survival

and weight loss in general cancer populations(10,14,35) and in

patients with gastrointestinal(36) and lung cancer(9). One of the

first papers on this topic found the combination of weight loss,

food intake and systemic inflammation to be related to poor out-

come in pancreatic cancer patients(35). Because the definition of

cachexia includes the presence of severe weight loss, the associ-

ation with survival in the present study is consistent with these

findings. The difficulty is that, in the literature, weight loss and

cachexia are used disorderly, and that it is not possible to isolate

starvation from cancer cachexia. Another component of the

cachexia definition is inflammation. Systemic inflammation,

amongst others reflected by elevated CRP and hypoalbuminae-

mia, is also negatively associated with survival(37,38).

After carrying out baseline measurements at diagnosis,

patients received different anticancer treatments and partici-

pated in a placebo-controlled randomised controlled trail

comparing oral nutritional supplements containing n-3 PUFA

with an isoenergetic placebo. Yet, the percentages of patients

with (pre)cachexia and survival did not significantly differ

among groups with different cancer treatments (data not

shown). Preclinical studies suggest that an increased intake

of n-3 PUFA decreases the risk of cancer development and

Table 3. Number of patients with stage III non-small-cell lung cancer scoring on cachexia features according to the applied criteria*,†,‡

(Number of participants and percentages)

Cancer General‡

Overall
(n 40)

No
cachexia
(n 24)

Pre-cachexia*
(n 9)

Cachexia†
(n 7)

No
cachexia
(n 29)

Cachexia
(n 11)

n % n % n % n % n % n %

Weight loss/BMI
0 to #5% (6 months)* 19 48 19 79 9 100 0 18 62 1 9
. 5% (6 months)† 12 30 5 21 0 7 100 2 7 10 91
. 2% and BMI ,20 kg/m2 † 3 8 0 0 3 43 0 3 27
$ 5% (12 months or less)‡ 12 30 5 21 0 7 100 2 7 10 91
BMI ,20 kg/m2 † 4 10 1 4 0 3 43 0 4 36

FFM index
FFM index ,5th percentile (BIS)† 3 8 1 4 1 11 1 14 1 3 2 18
FFM index ,10th percentile for age and sex (BIS)‡ 6 15 3 13 2 22 1 14 4 14 2 18
Upper arm circumference ,10th percentile‡ 23 58 15 63 2 22 6 86 15 52 8 73

Muscle strength
Handgrip strength , lowest tertile‡ 27 68 13 54 7 78 7 100 16 55 11 100

Fatigue (EORTC-QLQC30 question 18, score 3 or 4)‡ 19 48 10 42 6 67 3 43 14 48 5 45
Anorexia/reduced food intake*†‡ 23 58 7 29 9 100 7 100 16 55 7 64
Inflammation

Hb ,7·3mmol/l‡ 8 20 3 13 1 11 4 57 3 10 5 45
CRP .5·0mg/l‡ 33 83 18 75 8 89 7 100 22 76 11 100
CRP $8·0mg/l*† 28 70 13 54 8 89 7 100 17 59 11 100
IL-6 .4·0 pg/ml‡ 20 50 7 29 8 89 5 71 14 48 6 55
Albumin ,320g/l‡ 8 20 1 4 2 22 4 57 2 7 5 45

FFM, fat-free mass; BIS, bioimpedance spectroscopy; EORTC-QLQC30, European Organisation for Research and Treatment of Cancer – Quality of Life Questionnaire C30;
CRP, C-reactive protein.

* Cancer-specific framework for pre-cachexia.
†Cancer-specific framework for cachexia.
‡General framework for cachexia.
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Fig. 2. Kaplan–Meier survival functions for no cachexia ( ; n 29) and

cachexia ( ; n 11) in patients with stage III non-small-cell lung cancer,

defined by the non-disease-specific, general framework of Evans et al.(5).

P,0·01.
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progression. A few clinical studies support the potential

benefit of n-3 PUFA on chemotherapy efficacy(39) or cancer

cell proliferation(40). In the present population, patients who

received oral nutritional supplements containing n-3 PUFA

did not show a significantly different presence of cachexia

or survival than control patients (data not shown).

On average, the present population of patients with stage III

NSCLC showed a moderate amount of weight loss (on average

1·9 % of pre-illness weight) during the previous 6 months and,

consequently, a low prevalence of malnutrition (20 %). Other

studies in patients with lung cancer (all types and stages)

reported high percentages of malnutrition, i.e. 15·6(7), 30(41),

36(10) and 50–61 %(11). A study by Bozzetti & Mariani(6)

showed an average weight loss of 9·5 % in outpatients with

lung cancer. Consequently, the percentage of patients with

cachexia in the present patient population was relatively low

(18 % by the cancer-specific framework and 28 % by the general

definition). This could be explained by the selection of stage III

NSCLC. As this is one of the first studies to assess pre-cachexia

in stage III lung cancer, it is hard to compare these findings with

other data. Op den Kamp et al.(42) found a comparable amount

of weight loss (average 3·1 %) in a group of sixteen newly diag-

nosed patients with stage I to III NSCLC. Compared with

healthy controls, these patients also showed systemic inflam-

mation, but no apparent loss of FFM. However, the present

exploratory study did not describe pre-cachexia features

(such as inflammation and anorexia) in individual patients(42).

Weight loss was associated with an elevated REE(12,41), sys-

temic inflammatory response(12,41) and a reduced dietary

intake(41) in patients with SCLC and NSCLC. Metabolic and

inflammatory derangements seemed to be mainly related to

the tumour; after resection(43) or chemotherapeutic treat-

ment(44), REE in patients with lung cancer decreased. We did

not find differences for REE per kg FFM between cachexia

groups, probably due to high CRP and inflammation in the

majority of patients. When uncorrected for FFM, REE in patients

with cachexia (defined by the general framework for cachexia)

was significantly lower, but this could be explained by the lower

body weight in patients with cachexia. Because we used bioe-

lectrical impedance spectroscopy to assess FFM (and not the

‘gold standard’ dual-energy X-ray absorptiometry), this may

have resulted in over-estimation or under-estimation of FFM.

We also showed that approximately 50 % of non-cachectic

patients scored positively on cachexia features, such as moder-

ate weight loss, systemic inflammation, fatigue, anorexia,

reduced handgrip strength and upper arm circumference. The

frameworks that we used define patients as pre-cachectic or

cachectic when they experience a combination of cachexia fea-

tures, inflammation and weight loss, which is consistent with the

existing knowledge on the pathophysiology of cachexia. Other

cachexia frameworks, e.g. the proposal of the SCReening the

Nutritional Status in Oncology (SCRINIO) working group(6)

and the cachexia score(8), were not consensus-based and there-

fore not selected to address the present research question.

A secondary aim of the present study was to explore quality

of life and physical activity, and their association with cachexia.

Overall, the present small sample size resulted in a low statisti-

cal power, which made it hard to demonstrate significant

associations. Pre-cachexia and cachexia were associated

with a reduced overall quality of life, but not with other quality

Table 4. Differences in biochemistry, phase angle, resting energy expenditure (REE), physical activity and quality of life between cachexia groups with
stage III non-small-cell lung cancer

(Mean values and standard deviations)

Cancer General

No cachexia
(n 24)

Pre-cachexia
(n 9)

Cachexia
(n 7)

No cachexia
(n 29)

Cachexia
(n 11)

Mean SD Mean SD Mean SD P* Mean SD Mean SD P†

Hb (g/l) 133 13 136 15 113 25 0·01 135 13 117 21 0·02
Serum albumin (g/l) 383 38 371 40 320 64 0·01 384 31 328 62 0·01
CRP (mg/l) 30·4 53·6 40·1 33·8 92·0 57·0 0·03 22·3 25·2 96·5 71·9 0·01
Serum IL-6 (pg/ml) 3·2 2·5 7·3 3·1 14·9 12·2 ,0·001 4·6 3·3 11·3 11·6 0·10
Phase angle (8) 6·9 2·2 6·2 0·6 6·3 0·7 0·55 6·8 2·0 6·2 0·6 0·33
REE (kJ)‡ 6406 895 6623 950 5845 527 0·19 6510 937 5954 519 0·02
REE (kJ/kg FFM)‡ 129 24 137 22 140 15 0·50 130 24 139 16 0·29
Physical activity

Day score (PAM activity score) 6·7 5·3 5·5 2·8 4·3 2·1 0·57 6·7 5·0 4·1 1·8 0·19
Low-intensity physical activity (min/d) 46·5 23·5 50·8 37·2 26·4 11·0 0·24 47·5 26·4 32·5 20·0 0·19
Moderate-intensity physical activity (min/d) 32·0 21·0 28·2 17·4 25·7 20·6 0·81 32·2 20·5 24·0 17·5 0·36

EORTC-QLQC30
Quality of life 62·3 20·7 56·5 21·6 34·7 22·6 0·03 60·4 21·6 45·8 24·0 0·08
Physical functioning 75·7 19·8 68·9 21·3 63·6 23·9 0·37 75·0 19·3 64·1 23·5 0·14
Role functioning 59·4 34·8 40·7 29·0 41·7 41·8 0·29 53·6 32·2 48·3 43·4 0·73
Emotional functioning 62·0 25·0 73·1 23·9 60·7 20·8 0·46 63·7 25·6 65·9 20·2 0·80
Cognitive functioning 72·5 26·9 81·5 15·5 76·2 23·3 0·64 73·2 25·0 80·3 20·8 0·41
Social functioning 65·9 31·6 64·8 29·4 44·4 40·4 0·35 64·9 29·9 55·0 40·1 0·42

CRP, C-reactive protein; FFM, fat-free mass; PAM, Physical Activity Monitor; EORTC-QLQC30, European Organisation for Research and Treatment of Cancer – Quality of
Life Questionnaire C30.

* ANOVA (comparing no-cachexia, pre-cachexia and cachexia groups).
† Independent samples t test for equality of means (comparing no-cachexia and cachexia groups).
‡ 1 kJ ¼ 0·239 kcal.
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of life parameters, such as physical function. In the literature,

an association among nutritional status, inflammation and

well-being in lung cancer has been described, but these studies

did not assess cachexia in the way we did(45,46).

Physical activity is an important indicator of quality of life and

performance status in cancer patients(47), and found to be

reduced in patients with SCLC(48) and pancreatic cancer(24).

The present patients with stage III NSCLC also showed a

lower physical activity than healthy subjects (approximately

6 v. 20)(33), and patients with pre-cachexia and cachexia

showedanon-significant lowerphysical activity thanno-cachexia

patients.

When using the selected frameworks, we encountered some

issues. First, patients with weight loss as well as complaints and/

or inflammation were incorrectly justified as having no cachexia

by the general framework, which requires three positive scores

on complaints and inflammation. Patients with $5 % weight

loss, in combination with two positive scores on complaints

and inflammation, were not classified as cachectic. Also, the

ESPEN Special Interest Group did not classify these patients as

pre-cachectic, as their weight loss was more than 5 %. Second,

cut-off points for anorexia, CRP and FFM index were lacking

for the pre-cachexia and cancer-specific frameworks. For pre-

cachexia, weight loss #5 % was described, but it was unclear

if this accounted for patients with a weight loss of 0 %. We

solved these issues by consulting the authors. In line with

current knowledge, we found a positive correlation between

pro-inflammatory indexes (CRP and serum IL-6), and these

were negatively correlated with Hb and serum albumin. Inter-

estingly, when other cut-off points for inflammatory parameters

were applied, we observed the same presence of (pre)cachexia.

Validation of cachexia instruments in large groups of

patients with cancer is still required, but a ‘gold standard’ is

lacking. The association of cachexia with survival is informa-

tive, but validation of instruments against one or more indi-

cators of cachexia (e.g. standardised assessment of muscle

mass) is preferable. Further studies in larger populations are

warranted to validate these new instruments and to more

extensively explore the prognostic value in patients with

cancer. Ideally, worldwide cancer centres record a number

of biomarkers and cachexia parameters, follow-up treatment

adherence and survival, and merge these data in order to vali-

date definitions and their prognostic value. A promising par-

ameter might be proteolysis-inducing factor, which has been

found in the urine of cachectic patients with cancer(49).

In conclusion, new consensus-based frameworks show

that pre-cachexia and cachexia are prevalent in patients with

stage III NSCLC. Cachexia appears to be associated with a

shorter overall survival and a reduced quality of life.
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