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a  b  s  t  r  a  c  t

Lung  cancer  belongs  to  the  type of tumors  with  a relatively  high  frequency  of  malnutrition,  sarcopenia
and  cachexia,  severe  metabolic  syndromes  related  to impairment  of physical  function  and  quality  of  life,
resistance  to therapy  and  short  survival.  Inexpensive  and  accessible  methods  of  evaluating  changes  in
body composition,  physical  function  and  nutrition  status  are  for this  reason  of  great  importance  for  clinical
practice to  enable  the early  identification,  monitoring,  preventing  and  treatment  of  these  nutritional
deficiencies.  This  could  lead  to improved  outcomes  in the  quality  of  life,  physical  performance  and  survival
of  patients  with  lung  cancer.  The  aim  of  this  article  is  to summarize  the  recent  knowledge  for  the  use  of
achexia
arcopenia
nthropometry
andgrip dynamometry
hase angle
utritional screening questionnaires

such  methods,  their  predictability  for patient  outcomes  and  an  association  with  other  clinically  relevant
parameters,  specifically  with  lung  cancer  patients,  because  such  an  article  collectively  describing  their
practical application  in  clinical  practice  is  lacking.  The  interest  of  this  article  is  in the  use  of  anthropometry,
handgrip  dynamometry,  bioelectrical  impedance  analysis  derived  phase  angle  and  nutritional  screening
questionnaires  in lung  cancer  patients.
utcome prediction

. Introduction

Many serious illnesses (e.g. cancer, sepsis or AIDS) are associated
ith a severe metabolic syndrome called cachexia. The important

linical symptoms include involuntary weight loss accompanied
y sarcopenia (skeletal muscle wasting and weakness), fatigue,
norexia, metabolic imbalance and signs of systemic inflamma-
ion. Cachexia cannot be fully reversed by conventional nutrition
upport [1].

In recent years, the staging of cachexia has occurred. An inter-
ational panel of experts have created a three-stage classification

pecific for cancer cachexia: precachexia, cachexia and refractory
achexia. Precachexia is a state characterized by early clinical signs
nd metabolic disturbances preceding substantial weight loss. The

Abbreviations: ALI, Advanced lung cancer inflammation index; BIA, Bioelectri-
al impedance analysis; BMI, Body mass index; ECOG, Eastern Cooperative Oncology
roup Performance Status; KPS, Karnofsky performance status; LSMI, Lumbar skele-

al  muscle index; MAMC, Mid-arm muscle circumference; MNA, Mini Nutrition
ssessment; NSCLC, Non-small cell lung carcinoma; PG-SGA, Patient generated Sub-

ective Global Assessment; SGA, Subjective Global Assessment; TST, Triceps skinfold
hickness.
∗ Corresponding author at: Department of Biological and Medical Sciences, Fac-
lty of Pharmacy, Charles University in Prague, Heyrovskeho 1203, 500 05 Hradec
ralove, Czech Republic.

E-mail address: kovarikm@faf.cuni.cz (M.  Kovarik).
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©  2014  Elsevier  Ireland  Ltd.  All  rights  reserved.

criteria for cachexia are considerable body weight loss (more than
5% over the past 6 months) or a body mass index (BMI) of less
than 20 in combination with weight loss (more than 2% over the
past 6 months) or sarcopenia (appendicular skeletal muscle index
determined by dual energy X-ray absorptiometry of lower than
7.26 and 5.45 kg m−2 in men  and women, respectively) in com-
bination with body weight loss (more than 2% over the past 6
months), but have not entered the refractory stage. Refractory
cachexia is a stage characterized by low performance status and
low life expectancy (less than 3 months) due to very advanced
or rapidly progressive cancer that is unresponsive to therapy
[2,3].

Lung cancer belongs to the type of tumors with a relatively
high frequency of malnutrition, sarcopenia and cachexia, as demon-
strated by the result of recent works. According to the Mini
Nutrition Assessment (MNA), 26% of patients with advanced non-
small cell lung carcinoma (NSCLC) were malnourished and another
46% of patients were at risk of malnutrition [4]; according to Subjec-
tive Global Assessment (SGA), 60% of patients were malnourished
[5]. Prado et al. demonstrated that the majority of overweight
NSCLC patients (more than 53%) were sarcopenic [6]. According to
cancer-specific cachexia classifications (as mentioned above), 18%

of NSCLC patients were diagnosed as cachectic, 23% of patients were
diagnosed as in a state of precachexia [7].

Cachexia and muscle wasting are related to the impairment of
physical function [8], quality of life [5], resistance to therapy [9]

dx.doi.org/10.1016/j.lungcan.2014.01.020
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nd shorter survival rate [10]. Early identification, monitoring, pre-
ention and treatment of these nutritional deficiencies could lead
o improved outcomes in the quality of life, physical performance
nd survival of patients with NSCLC. There are several inexpensive
nd accessible methods of evaluating changes in body composition,
hysical function and nutritional status including anthropometry,
andgrip dynamometry, bioelectrical impedance analysis derived
hase angle and nutritional screening questionnaires. The aim of
his article is to summarize the recent knowledge of the use of
hese methods, their predictability of patient outcomes and the
ssociation of other clinically relevant parameters, specifically with
ung cancer patients. Such an article collectively describing their
ractical application in clinical practice is lacking.

. Anthropometry

.1. Basic anthropometric parameters

For a relatively long time weight loss has been known as an
mportant prognostic factor in lung cancer patients [11,12]. Per-
aps the first work of trying to determine the prognostic value
f basic anthropometric parameters like triceps skinfold thick-
ess (TST), arm and wrist circumference and their association with
linical and biochemical parameters in NSCLC patients were the
tudy of Ferrigno and Buccheri [13]. The statistical analysis proved
n association of all three determined anthropometric parame-
ers with body weight. In addition TST correlated with albumin;
rm circumference correlated with albumin, haptoglobin and East-
rn Cooperative Oncology Group Performance Status (ECOG) score;
rist circumference correlated with creatinine and ECOG score.
lthough the univariate survival analysis showed the significant

mpact of TST and arm circumference on prognosis, the results of
ultivariate analysis did not confirm these parameters as indepen-

ent prediction factors. Later it was described in NSCLC patients
ith weight loss the negative correlation of TST and adiponectin

r = −0.576; P = 0.010) and the positive correlation of TST and free
r = 0.888; P < 0.001) and total leptin (r = 0.892; P < 0.001) [14]. The
se of combined anthropometric scores could be superior to iso-

ated anthropometric parameters as demonstrated by Tartari et al.
15]. They combined mid-arm circumference and TST and assessed
he mid-arm muscle circumference (MAMC) as follows:

AMC  (cm) = mid  − arm circumference (cm) − (3.1415 · TST (mm))

After categorizing the patients according to the percentage of
ender and age adjusted expected reference values they found that
epleted patients (MAMC  below 90% of expected values) had more
han twice as short overall survival than patients with normal val-
es of MAMC  (90% of expected values and higher) (137 versus 306
ays; P = 0.001). Also the results of the multivariate survival analysis
onfirmed the MAMC  as an independent prognostic factor. Physio-
ogical ranges of the MAMC  for men  over 20 years are 27.5–41.2 cm
nd for women 24.5–42.1 cm [16].

.2. Body mass index

In the past years there have appeared several works concerned
ith the effect of BMI  value on survival in lung cancer patients.

eung et al. [17] described a relatively specific association of obe-
ity (BMI higher than 30) and the reduction of lung cancer deaths
adjusted hazard ratio 0.55; P < 0.001), while obesity has no sig-
ificant effect on other smoking-related and non-tobacco related

alignancies. BMI  was shown as an independent predictor of sur-

ival in this study. Longer median survival rates in obese lung
ancer patients in comparison with non-obese patients were con-
rmed by Yang et al. [18] (13 months in obese versus 8.4 months in
ncer 84 (2014) 1–6

non-obese patients), this effect was  independently significant on
cancer stage or histological type. The opposite effect on survival
time was found in cases of weight loss (6.4 and 9.2 months for
patients with and without weight loss, respectively). These results
were evaluated by multivariate survival analysis: absence of obe-
sity was  found to be an independent predictor of a worse survival
rate (hazard ratio 1.12; P < 0.001) and absence of weight loss to be
an independent predictor of a longer survival rate (hazard ratio
0.087; P < 0.001). The results of the association of BMI value with
the survival of lung cancer patients (patients with the lowest BMI
have the shortest survival) was also demonstrated by other studies
[19–21].

2.3. Advanced lung cancer inflammation index (ALI)

An interesting approach enabling the enhanced prediction of
survival of advanced lung cancer patients was  brought about by Jafri
et al. [22]. They combined the BMI  value with markers of systemic
inflammation, serum albumin level and neutrophil to lymphocyte
ratio (calculated as the ratio of absolute neutrophil and lymphocyte
count), and created the so called advanced lung cancer inflamma-
tion index (ALI):

ALI = BMI  (kg m−2) · serum albu min  (g dl−1)
neutrophil to lymphocyte ratio

When choosing the cutoff value of ALI 18, the patients with low
ALI values were found with a worse performance status, progres-
sion free (2.4 versus 5.1 months; P < 0.001) and overall survival rate
(3.4 versus 8.3 months; P < 0.001). The multivariate analysis con-
firmed the ALI value as an independent predictor of the outcome
(hazard ratio for progression free survival was  1.66, P = 0.003 and
for overall survival 1.42, P = 0.047).

2.4. Lumbar skeletal muscle index (LSMI)

As cancer patients show large variability in body composition,
muscle wasting is present, even in obese persons, estimation of
skeletal muscle mass is of high importance. The higher predic-
tive value of muscle mass determined by weight loss was  shown
in obese patients with lung and gastrointestinal cancer [10]. The
presence of sarcopenia in these patients has proven to be an inde-
pendent predictor of mortality according to both univariate and
multivariate survival analysis (hazard ratio 4.2, P < 0.001), while
weight loss was  not significantly associated with mortality. Patients
were classified as sarcopenic according to the value of lumbar skele-
tal muscle index (LSMI) (men below 52.4 cm m−2, women  below
38.5 cm m−2) determined from the computed tomography scan as
follows:

LSMI (cm m−2) = msuscle cross − sec tional area L3 (cm2)
height (m2)

Martin et al. [21] described the prognostic value of LSMI as fur-
ther enhanced when combined with other computed tomography
scan derived parameter, muscle attenuation, and weight loss. They
computed the BMI-dependent threshold values associated with a
low survival for these parameters (see Table 1). Stratifying patients
according to these threshold values were discovered to have a
close association between the number of presented prognostic vari-
ables (sarcopenia, low muscle attenuation and body weight loss)
and patient survival: median survival rate of patients with zero

variables was  more than 24 months, patients with one or two vari-
ables 16 months and patients with 3 variables with only about 8.5
months. The survival rate of patients with a low BMI  was short
regardless of the number of presented prognostic variables.
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Table  1
Threshold values associated with low survival.

BMI
(kg m−2)

Skeletal muscle index (cm m−2) Skeletal muscle attenuation (Hounsfield unit) Body weight loss (%)

Men  Women Men  Women Men  Women

<25 43 41 41 8
≥25 53 33
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MI—body mass index.
dapted from Martin et al. [21].

. Handgrip dynamometry

From a variety of methods to assess muscle strength, handgrip
ynamometry has been shown to be a reliable and valid method,
ith benefits as being simple, fast performance and inexpensive.

here is also growing evidence that handgrip strength is asso-
iated with nutritional and functional status, body composition,
nflammation and predicts the survival rate of both healthy persons
nd persons with several clinical conditions like elderly persons,
hronic inflammation and cancer [8,23,24].

.1. Handgrip strength

The lower handgrip strength of advanced lung cancer patients in
omparison to healthy persons was described by Brown et al. [8].
everal studies have shown the association of handgrip strength
nd other clinically important indexes. The association of decreased
uscle strength and malnutrition in lung cancer patients was

emonstrated by Piskorz et al. [25]. When they divided patients
nto 2 groups depending on their weight loss (the cutoff value

as chosen to be 6% weight loss), they found a significant
ecrease in strength and movement speed (tested by tapping test),
oth in the right and left hand, in the subgroup of weight lose
atients. Interestingly, there has been shown a positive correlation
etween handgrip strength and albumin concentration (r = 0.4072
nd 0.3406, for left and right hand respectively, P < 0.01) and the
egative correlation between hand movement speed and albumin
oncentration (r = −0.4410 and −0.4036 for left and right hand
espectively, P < 0.001). There has also been described a signifi-
ant association of handgrip strength with phase angle [26] and
ith sarcopenia (determined according to the appendicular skele-

al muscle index value) [6].

.2. Handgrip strength reference values

A valuable innovation was using handgrip strength reference
alues [27–29] (see example in Table 2). The first work using this
pproach in advanced (lung and gastrointestinal) cancer patients
as published by Kilgour et al. [30]. They found that more than 70%

f these patients have a handgrip strength below 50th percentile
nd more than 25% of patients below 10th percentile. When com-
aring the patients with a handgrip strength below 10th percentile
nd above 50th percentile, the multivariate analysis revealed a
ignificant association of handgrip strength with many impor-
ant laboratory (lower concentrations of albumin and hemoglobin),
ody composition (lower amount of lean and fat mass), functional
nd quality of life characteristics (worse score in many cancer
atients questionnaires—Edmonton Symptom Assessment System,
COG, Brief Fatigue Inventory and McGill Quality of Life Ques-
ionnaire). The group with the lowest handgrip strength showed
n almost ten times higher incidence of sarcopenia (determined

ccording to appendicular skeletal muscle index value) and more
han three times higher probability of dying (hazard ratio 3.2;
5% CI 2.0–5.1; P < 0.001) in comparison with the reference group
patients with handgrip strength above 50th percentile).
4. Bioelectrical impedance analysis derived phase angle

Bioelectrical impedance analysis (BIA) is a method that has been
used for more than 20 years to estimate body composition, both in
healthy persons and in a variety of patient populations including
cancer patients [31,32]. BIA is based upon a conductance of an alter-
nate electrical current through body fluids. Whole-body impedance
is a combination of resistance (opposition offered by the body to
the flow of an alternate electrical current, primarily related to the
amount of water present in the tissues) and reactance or capac-
itance (resistive effect produced by the tissue interfaces and cell
membranes). Capacitance causes the current to lag behind the volt-
age creating a phase shift, which is quantified as the phase angle.
Phase angle can be directly calculated as arc tangent of capacitance
to resistance ratio [33]. Phase angle has been suggested to be an
indicator of cellular membrane damage where higher values reflect
better cell membrane integrity and cell function and as a prognostic
marker in several clinical conditions such as liver cirrhosis, amy-
otrophic lateral sclerosis, hemodialysis and peritoneal dialysis, HIV
infection and cancer [32,34–37]. Mostly used, both in practice and
clinical studies, is the phase angle determined at a frequency of
50 kHz.

4.1. Phase angle

Differences in tissue electric properties between advanced lung
cancer patients (stage IIIB and IV) and healthy persons were demon-
strated by Toso et al. [38]. Their results showed a significant decline
of impedance vector (phase angle) measured at 50 kHz  in lung can-
cer patients in comparison to healthy subjects (matched for sex, age
and BMI). This decline was caused by decreased values of capaci-
tance, while resistance values had not changed significantly. There
was also described the association of phase angle and patient sur-
vival when the median phase angle value was chosen as a cutoff
point (median survival of 4 months in patients with a phase angle
of 4.5◦ and lower, versus 12 months in patients with a phase angle
higher than 4.5◦). Both univariate and multivariate survival analy-
sis have evaluated the phase angle as an independent predictor of
survival. The association of phase angle and survival in advanced
NSCLC patients was confirmed by Gupta et al. [39]. The phase
angle (together with stage at diagnosis and treatment history) was
proven to be the independent predictor of mortality according to
the multivariate survival analysis. This analysis found that by every
degree increase in phase angle there was  an association with a rela-
tive risk of 0.79 (95% CI: 0.64–0.97, P = 0.02), after adjusting for age,
stage at diagnosis and prior treatment history. Survival of patients
with phase angle values higher than median (5.3◦) was  significantly
longer than of patients with median and lower phase angle values
(median survival 12.4 versus 7.6 months). This study also revealed
the gender specific differences of phase angle values, males had
significantly higher values than females (5.6◦ versus 4.9◦).

It was  demonstrated that the phase angle correlates not only

with mortality, but also with some markers of performance sta-
tus or illness severity in lung cancer patients. Castanho et al.
[40] showed the negative correlation of phase angle and tumor
mass volume estimated by means of helical tomography (r = −0.55;
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Table 2
Reference values of handgrip strength.

Age
(years)

Handgrip strength (kg)—dominant hand Handgrip strength (kg)—non-dominant hand

Men  Woman  Men Woman

18–30 30–57 16–30 30–54 13–29
31–59  27–55 16–35 26–61 10–29
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≥60 18–44 11–29

dapted from Budziareck et al. [29].

 < 0.001), positive correlation of phase angle and Karnofsky per-
ormance status (KPS) score (r = 0.44; P < 0.05). The relationship
mong phase angle, tumor volume and KPS score confirmed also
he multivariate variation analysis. In this work there has also
een demonstrated that patients with the lowest values of phase
ngle had the lowest survival. Navigante et al. [26] demonstrated
n NSCLC patients with fatigue the significant association of phase
ngle and hand grip work estimated by means of dynamometry
ccording to the formula:

rip work = (max imal strength · 0.75) · fatigue resis tan ce,

here fatigue resistance was scored as time in seconds for the
ressing of the sphygmomanometer with at least 50% of maximal
trength (the measurement was performed with the non-dominant
rm). When the patients were divided into subgroups according
o phase angle value, the subgroup with lower phase angle value
<4◦) had also lower values of muscle strength parameters in com-
arison to patients with normal phase angle (>4◦) e.g. grip work
13 versus 1365 kg s, P = 0.004; median grip strength 17.6 versus
7.0 kg, P = 0.018 and maximal grip strength 20.3 versus 30.1 kg,

 = 0.014).

.2. Phase angle reference values

The results of the previously mentioned studies could be appli-
able in the general clinical setting with difficulties, as they mostly
se cutoffs within their study population. The first study concern-

ng reference values of phase angle was published in 2005 for a
S population, with values stratified according to sex and age [41].

n 2006 Bosy-Westphal et al. [42] published the reference values
f phase angle for a German population classified according to all
ajor determinants—sex, age and BMI. The study population con-

isted of more than 15,000 children and adolescents and almost
15,000 adults. The suitability and clinical relevance of the fifth per-
entile of sex-, age- and BMI-stratified phase angle reference values
see example in Table 3) in cancer patients was demonstrated by
orman et al. [43]. Patients with a phase angle value below the
fth reference percentile had significantly deteriorated nutritional
increased percentage of malnourished patients) and functional
tatus (lower handgrip strength, KPS score and peak expiratory
ow), decreased quality of life (lower values of physical, role, cog-
itive and social function and higher incidence of symptoms like

atigue, nausea, vomiting, constipation, appetite loss, dyspnea and
ain) and an increased risk of depression and six month mortality
hazard ratio 4.0; 95% CI 2.4-6.8; P < 0.001).

.3. Standardized phase angle

Phase angle reference values also allow standardization e.g. cre-
tion of Z score for determining the individual deviations from the
eference values. Standardized phase angle can be determined as

ollows:

 tan dardized phase angle = observed phase angle − mean phase angle

s tan dard deviation of phase angle
,

18–45 10–27

where mean and standard deviation are from reference values. The
standardized phase angle was found to be an independent predictor
for impaired nutritional and functional status and survival. Its pre-
dicting power for six month mortality was  even better than when
assessed by the SGA score or disease severity [43]. The usefulness of
standardized phase angle in predicting mortality in cancer patients
receiving chemotherapy was  evaluated by Paiva et al. [32]. They
choose as the cutoff value of the standardized phase angle to be
−1.65, which stands for the fifth percentile and therefore could be
considered as the lower limit. Survival time between patients with a
low value of standardized phase angle was  significantly shorter (12
months versus at least 36 months, P < 0.001). Both univariate and
multivariate survival analysis confirmed standardized phase angle
to be an independent risk factor for mortality. Patients with low
values of standardized phase angle showed a 2.35 times higher risk
of mortality (P = 0.001) in comparison with the group of patients
with a value of standardized phase angle to be −1.65 and higher.
Evaluation of these results specifically for lung cancer patients has
not yet been performed.

5. Nutritional screening questionnaires

To screen and assess malnutrition, several nutritional screen-
ing questionnaires combining objective and subjective parameters
were developed e.g. the SGA, the Patient generated SGA (PG-SGA),
MNA  or Nutritional risk screening 2002 [44–46].

5.1. Patient generated Subjective Global Assessment

Nutritional risk assessment according to the SGA were devel-
oped in the 1980s and in 2006 modified for use in oncological
patients; this modification was called PG-SGA. It includes items
determining weight loss, food intake alterations, symptoms of
nutrition alterations, limitations of functional capacity, presence
of metabolic stress and a physical examination (loss of skeletal
muscle and subcutaneous fat, presence of edema). According to
the resulting score, patients are categorized into three categories:
A—well nourished; B—moderately malnourished or suspected mal-
nutrition; C—severely malnourished [44].

Li et al. [47] determined malnutrition in patients with lung can-
cer according to the PG-SGA. The results demonstrated that 40% of
patients were severely malnourished and more than 40% of patients
were moderately malnourished or in suspected malnutrition. The
mean PG-SGA score was significantly higher in patients with lung
carcinoma compared to patients in benign condition. When estab-
lishing the regression equation for predicting disease status, the
PG-SGA score was found in the equation, while the SGA score was
not. This could indicate that PG-SGA is better than SGA in distin-
guishing those who  are lung cancer patients. Sanchez-Lara et al. [5]
evaluated the association of malnutrition determined according to
the SGA and health-related quality of life and survival in NSCLC
patients. Results of this study demonstrated a significant asso-

ciation between SGA-determined nutritional status and a whole
range of quality of life parameters e.g. physical and role functioning,
fatigue or loss of appetite. Bivariate survival analysis demonstrated
the association of the SGA with overall survival (median survival of
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Table  3
Fifth percentile values of phase angle–sex, age and BMI  stratification.

BMI
(kg m−2)

Phase angle (◦)–fifth percentile

Woman  60–69 years Woman  �69 years Men  60–69 years Men �69 years

18.5–25 4.41 3.85 4.23 3.82
>25–30  4.58 4.17 4.92 4.20
>30–35  4.55 4.22 4.85 4.27
>35–40 4.47 4.12 4.70 4.22
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>40–50  4.42 3.98 

dapted from Bosy-Westphal et al. [42].

7 months in the group of well-nourished patients versus 9 months
n the group of malnourished patients, P = 0.001). The multivari-
te analysis confirmed the SGA to be an independent predictor of
verall survival (hazard ratio 2.7; 95% CI 1.3–5.5; P = 0.005).

.2. Mini nutrition assessment

In 1996 a nutrition screening and assessment tool called the
NA was developed and validated. This original version is com-

osed of 18 items involving general, anthropometric, dietary and
ubjective assessment data. The maximum achievable score is
0 and subjects are divided into 3 categories according to score
eached: well-nourished (scores 23.5 and higher), in risk of mal-
utrition (score between 17 and 23.5) and malnourished (scores

ess than 17) [45,48]. The short form of the MNA  (created in 2001)
onsists of 6 items which enables time savings while accuracy is
reserved. The maximum score for the short version is 14. Persons
ho reach a score of 12–14 points are considered well-nourished,
ersons with a score of 8–11 are at risk of malnutrition and per-
ons with a score of less than 8 are malnourished. A high correlation
etween the short version and the original one has been confirmed,
o MNA  could be used in a 2-step process—the short version for
creening and the full version for assessment [49].

The MNA  was formerly used only for malnutrition screening in
lderly people however nowadays it is used also in patients suf-
ering from dementia, pressure ulcers, hematologic malignancies
nd solid tumors [50–53]. Usefulness of this method for malnutri-
ion screening was also demonstrated in a group of patients with

etastatic lung cancer [4]. According to the results of the MNA
core, more than two thirds of patients were at risk of malnutri-
ion or already malnourished. The proportion of patients requiring
utritional intervention determined according to their weight loss
istory was lower (45% of patients had a weight loss of higher
han 5% during the preceding 3 months). It has been proven that
he MNA  was a better determinate than weight loss history, with

ost of the clinical and laboratory data indicating an adverse out-
ome (worse performance status, higher number of metastatic
ites, presence of brain metastasis, increased calcium and LDH lev-
ls), malnutrition (anemia, hypoalbuminemia and low creatinine
learance) and inflammation—cachexia (decreased transferrin lev-
ls, increased CRP, IL-6 and IL-8 levels). Both MNA  and weight loss
istory were significantly correlated with the response to first-line
herapy, while only MNA  with a clinical decision taken by the treat-
ng physician for less toxic therapy and with the requirement and
uration of hospitalization. Both univariate and multivariate sur-
ival analysis have proven a significant association of MNA  with
he time to progression and overall survival (other independent
redictors of overall survival were albumin level and performance
tatus). The number of metastatic sites was the only other predic-
or of time to progression. On the contrary, only univariate analysis

roved a correlation with weight loss history and these parameters.
urther studies evaluating the association of MNA  and laboratory
arameters related to cachexia development confirmed the results
f the previous study. The MNA  was significantly associated with
4.45 3.63

levels of hemoglobin, albumin, CRP, adiponectin, leptin and IL-8.
Univariate and multivariate survival analysis confirmed the MNA
as an independent predictor of overall survival and time to pro-
gression [54,55]. Another study tried to evaluate the possible link
among nutritional status, acute phase response and depression or
anxiety in lung cancer patients. It was found that the MNA  score is
significantly associated with acute phase response (determined as
Glasgow prognostic score) and depression, while it is not associ-
ated with anxiety (determined as Hospital anxiety and depression
scale [56]). The acute phase response correlated significantly both
with depression and anxiety. The significant association of the MNA
and the Glasgow prognostic score with overall survival was  proven
by multivariate survival analysis. Depression and anxiety had no
significant influence on overall survival [57].

6. Summary

This article illustrates the clinical relevance of methods like
anthropometry, handgrip dynamometry, bioelectrical impedance
analysis derived phase angle and nutritional screening question-
naires to predict the outcome of lung cancer patients based on
the results of many recent works. These methods should undergo
further research which could improve their further use in clinical
practice.
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