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Abstract Chronic systemic inflammatory response is

proposed as an underlying mechanism for development of

cancer cachexia. We conducted a prospective study to

examine changes in inflammatory biomarkers during the

disease course and the relationship between inflammatory

biomarkers and cachexia in patients with inoperable pan-

creatic cancer. Twenty patients, median (range) age 67.5

(35–79) years, 5 females, were followed for median 5.5

(1–12) months. Cachexia was diagnosed according to the

2011 consensus-based classification system (weight loss

[5 % past six months, BMI\ 20 kg/m2 and weight loss

[2 %, or sarcopenia) and the modified Glasgow

Prognostic score (mGPS) that combines CRP and albumin

levels. Inflammatory biomarkers were measured by

enzyme immunoassays. The patients had increased levels

of most inflammatory biomarkers, albeit not all statistically

significant, both at study entry and close to death, indi-

cating ongoing inflammation. According to the consensus-

based classification system, eleven (55 %) patients were

classified as cachectic upon inclusion. They did not differ

from non-cachectic patients with regard to inflammatory

biomarkers or energy intake. According to the mGPS,

seven (35 %) were defined as cachectic and had a higher

IL-6 (p\ 0.001) than the non-cachectic patients. They also

had a slightly, but insignificantly longer survival than non-

cachectic patients (p = 0.08). The mGPS should be con-

sidered as an additional framework for identification of

cancer cachexia.
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Introduction

Pancreatic adenocarcinoma is one of the most aggressive

cancers often diagnosed at an advanced stage with a five-

year survival rate less than 5 % [1, 2]. One factor related to

the high mortality is cancer cachexia which is presumed to

occur in a majority ([80 %) of these patients [3, 4]. Cancer

cachexia is defined as a multifactorial syndrome accom-

panied by anorexia that cannot be fully reversed by nutri-

tional support [5], and gradually leads to weight loss,

muscular depletion, decreased physical function and psy-

chological distress [6]. The most recent definition describes

cachexia as a continuum with three stages of clinical rel-

evance (pre-cachexia, cachexia and refractory cachexia)
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and associated with the underlying illness [5, 7]. Despite

the efforts to establish a universally accepted cachexia

definition and to develop classification criteria [5], routine

standardized methods to describe the extent of cachexia

and the impact on outcomes are still lacking [8]. One

problem is that weight loss is used as a key criterion in the

2011 consensus-based classification system [5]. Since it is

difficult to distinguish cachexia-related weight loss from

weight loss caused by simple starvation, it is questionable

how suitable this criterion is [4, 8].

The exact mechanisms behind cancer cachexia remain

unknown, but a variety of metabolic and endocrine changes

which activate catabolic pathways are possibly involved [9].

Systemic inflammation seems to play an important role in the

pathogenesis and is involved in weight loss and functional

decline [10, 11]. The most widely used measure indicating

systemic inflammation is an increase in C-reactive protein

(CRP) level [5]. Elevated circulating concentrations of pro-

inflammatory cytokines such as tumor necrosis factor a
(TNF-a), interleukin (IL)-1, IL-6 and interferon (IFN)-c are

also responses to systemic inflammation and are postulated as

mediators of the many catabolic signs associated with cancer

cachexia [10]. TNF-a is among the first-line factors in pro-

moting inflammation [12], and in experimental animal

studies it causes both weight loss and anorexia [13]. TNF-a
and in part IL-6 activate proteolysis, insulin resistance and

apoptosis [14], while IL-1 and IFN-c can cause hyper-

catabolism as well as anorexia and decreased survival in

cachexia [13]. Furthermore, the various pro-inflammatory

cytokines may upregulate leptin expression [10]. This hor-

mone, secreted by the adipocytes, normally decreases food

intake and increases energy consumption. It is also shown

that IL-10 is an anti-inflammatory cytokine and acts by

inhibiting the actions of, e.g., IL-6 in order to prevent and

limit tissue damage by limiting overwhelming immune

reactions [15]. Since systemic inflammation (i.e., cytokine

release) seems to be the driving force behind cachexia, it is

suggested that the modified Glasgow Prognostic score

(mGPS) should be used to identify cancer cachexia [8]. The

mGPS combines CRP and albumin and is shown to predict

outcomes aswell as reflect cachexia in cancer patients [8, 16].

Even if chronic ongoing systemic inflammation is pre-

sent in a majority of patients with cancer, the role of

inflammation and specific inflammatory biomarkers in

cancer cachexia has not yet been clarified [9]. Due to the

lack of longitudinal studies, it is not established whether

inflammation simply is associated with the severity or

progression of the cancer disease, or elicits symptoms by

itself thereby representing a target for prevention or

reduction of cachexia [17]. Lately, much effort has been

put into measuring changes in body composition in cancer

cachexia and recent studies support the value of deter-

mining muscle mass in the diagnosis [18]. However,

knowledge about how inflammation and also energy intake

vary during the disease trajectory is lacking. Hence, our

aim was to study changes in inflammatory biomarkers and

energy intake in an unselected cohort of pancreatic cancer

patients with and without cachexia as they approached the

terminal stage of disease. We also wanted to examine the

relationship between inflammatory biomarkers and

cachexia identified by two sets of classification systems,

the 2011 consensus-based cachexia classification system

[5] and mGPS [8]. Inflammatory biomarker levels from a

cohort of healthy, normal weight individuals were included

as a reference.

Patients and methods

Patients with pancreatic adenocarcinoma referred for pal-

liative chemotherapy were included in this longitudinal

pilot study at Oslo University Hospital (OUS) from March

2010 until January 2012. The patients were monitored

every 4th week by two clinical nutritionists or a nurse, until

death or up to one year. Eligibility criteria were histolog-

ically verified inoperable adenocarcinoma, age[18 years,

understanding both verbal and written Norwegian and

ability to respond to questionnaires. All eligible patients

were formerly included in a pancreatic registry (a clinical

interdepartmental database at OUS) including all patients

referred for solid or cystic pancreatic or peri-ampullary

neoplasms. The registry contained prospective data on

demographic, anamnestic, diagnostic and treatment-related

issues as well as patients’ self-reported symptoms collected

monthly until death. Patients that reported symptoms

affecting their dietary intake and/or weight loss received

dietary counseling according to routine practice. Dietary

advices included energy dense foods and oral nutritional

supplements. Enteral or parenteral feeding was not initi-

ated. Neither steroids nor appetite stimulants were used

specifically to increase food intake, but pancreatic enzyme

supplementation was prescribed when appropriate.

For most of the inflammatory biomarkers, there are no

established reference values, thus we used data from a

group of healthy, normal-weight adult volunteers to com-

pare levels of cytokines and adipokines. These subjects

were recruited in 2010 by advertisement in local newspa-

pers for participation as a reference group in an interven-

tion trial at Oslo and Akershus University College of

Applied Sciences [19]. Inclusion criteria were age

18–70 years, body mass index (BMI) 17–25 kg/m2 and

waist circumference B94 cm for men and B80 cm for

women. Both studies were approved by the Regional

Committee for Medical and Health Research Ethics South

East. Patients and volunteers gave written informed con-

sent before inclusion.

54 Page 2 of 9 Med Oncol (2016) 33:54

123



Energy intake

The 24-hour recall method was conducted as face-to-face

interviews, and the patients were asked to recall food

intake from the day before the interview. The quantities

eaten were estimated by the patient and described in

household measures as the number of units consumed

(cups, glasses, spoons, number of slices, pieces, deciliters).

A photographic booklet with portion sizes was used [20].

Tables of food portion sizes were used to translate house-

hold measures to weights [21].

Blood sampling and biochemistry

Non-fasting blood samples were collected from a cubital

vein at the time of inclusion and then regularly every 4th

week. Serum was obtained from silica gel tubes (Becton

Dickinson vacutainer, Plymouth, UK) and kept on ice and

centrifuged (1500g for 12 min) within one hour. Plasma

was obtained from EDTA tubes (Becton Dickinson), kept

on ice and centrifuged (2500g, 15 min) within 10 min.

Serum and plasma samples were aliquoted and stored at

-80 �C until further analyses. Serum levels of IL-10,

INFc, leptin, adiponectin, and TNF-a and plasma levels of

IL-6 and insulin-like growth factor-1 (IGF-1) were mea-

sured by enzyme immunoassays from R&D Systems

(Minneapolis, MN) according the manufacturer’s instruc-

tions. All analyses were performed in duplicates. The

coefficients of variation for intra-assay and inter-assay

variability were \5 % and \10 %, respectively, for all

analyses. Results from standard blood chemistry and CRP

were retrieved from the medical records.

Body composition

Muscle mass was determined by anthropometry of mid-

upper-arm muscle area (MUAMA). Three trained persons

performed the measurements. Triceps skin fold (TSF) was

measured by using a Harpenden Skinfold Caliper and a

standard, non-stretch tape on the non-dominant arm. The

midpoint of the arm was measured, with the measuring

tape between the shoulder (acromion) and the elbow (ole-

cranon) while the person was bending the arm 90�. TSF
and the mid-upper-arm circumference (MUAC) were

measured at this midpoint. TSF was measured three times

and the mean value was used. The mid-upper-arm muscle

circumference (MUAMC) was calculated with the equation

MUAC- (p 9 (TSF/10)) = MUAMC (cm) [22]. MUAMA

(cm2) was derived from the MUAMC as (MUAMC)2/4p.
Weight was measured to the nearest 0.1 kg with the

patient wearing light clothes and no shoes on the same

scale at each visit. A correction factor of -1 kg was used

to adjust for the weight of light clothing. Height was

measured with a wall-mounted stadiometer to the nearest

0.1 cm. Waist and hip circumferences were measured with

a standard, non-stretch tape to the nearest 0.1 cm while

standing in a relaxed position with normal respiration.

Waist circumference was measured at a point midway

between the iliac crest and the lower rib margin. Hip cir-

cumference was measured as the maximum circumference

of the posterior buttocks and the anterior symphysis.

Cachexia assessment

To be categorized as cachectic according to the consensus-

based classification system, one of three criteria had to be

fulfilled: weight loss [5 % during the past 6 months; or

BMI\ 20 kg/m2 and ongoing weight loss [2 %; or sar-

copenia and ongoing weight loss[2 % [5]. Sarcopenia was

determined by using MUAMA as a proxy (men\32 cm2,

women \18 cm2). Furthermore, non-cachectic patients

with unintentional weight loss B5 % during the last

6 months, anorexia (energy intake reported as \20 kcal/

kg) and metabolic change (i.e., systemic inflammation with

CRP[ 8 mg/l) were classified as pre-cachectic [5, 23].

According to the mGPS, cachexia was classified as follows

[8]:

• CRP\ 10 mg/l and albumin C35 g/l = 0 (no cachexia)

• CRP\ 10 mg/l and albumin \35 g/l = 0

(undernourished)

• CRP[10 mg/l and albuminC35 g/l = 0 (pre-cachexia)

• CRP[ 10 mg/l and albumin \35 g/l = 0 (refractory

cachexia)

Statistics and strategy for data analysis

Because of the rapid decline in the number of participants,

the data at study entry were compared with the last mea-

surement and, when available, data collected three months

or less before death. Survival was defined as time from the

date of the histological diagnosis to the date of death. Data

are presented as medians (range), and nonparametric tests

were used. Comparison of groups was tested for significant

differences with the Wilcoxon signed rank test for paired

samples and the Mann-Whitney U test for unpaired sam-

ples. A comparison between the consensus classification

and the mGPS was performed with a 2 9 2 contingency

table and McNemar’s test with continuity correction.

Missing values for concentrations of cytokines and adipo-

nectine at baseline (three patients) were replaced with the

first-observation carried-backward method [24] in all

analyses. This alteration resulted in a small increase in the

median value compared to the original data. A

p value\ 0.05 was considered statistically significant.

Because of the explorative nature of this study, and the
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small number of patients, no multiple testing adjustments

were performed. The data were analyzed with IBM SPSS

Statistics v. 21 (IBM Corporation, Armonk, NY).

Results

Twenty patients (five females) with a median (range) age

of 68 (35–79) years and adenocarcinoma of the pancreas

(stage III and IV) were studied over a 12-month period. Six

(30 %) patients had locally advanced cancer, 13 (65 %)

had metastatic disease and one (5 %) had recurrent disease

after an earlier pancreatic resection. The patients were

treated at the discretion of the responsible physician. All

patients received chemotherapy, gemcitabine (n = 17) and

gemcitabine derivates (n = 3). One patient (recurrent dis-

ease) switched from chemotherapy to palliative radiother-

apy (dose 8 Gy), due to severe side effects from

chemotherapy. Median time from diagnosis to study entry

was 7 (4–16) weeks. Overall median survival was 45.5

(14–111) weeks. At the time of censoring the data, all the

patients had died.

Patient characteristics, clinical variables and body

composition at study entry are shown in Table 1. The

median BMI was 21.3 (15.2–30.9) kg/m2 and the daily

median energy intake was 26.2 (8.6–79.7) kcal/kg. Total

weight loss in the group was 6.4 (0.0–37.0) % of pre-

morbid stable body weight, equivalent to a median weight

loss of 3.1 (0.0–8.7) % per month. Sarcopenia was detected

in two (10 %) patients.

The patients were followed for a median of 5.5 (1–12)

months. The longitudinal data showed an insignificant

decrease in energy intake from median 26.2 (8.6–79.7)

kcal/kg at study entry to 23.7 (9.6–53.9) kcal/kg at the last

measurement. Likewise, there was an insignificant

decrease in weight from 63.4 (38.6–98.9) kg to 61.3

(40.1–75.0) kg. Albumin decreased significantly from a

median of 43.0 mg/ml (29.0–46.0) to 39.0 (29.0–46.0) mg/

ml (p = 0.01), whereas CRP increased insignificantly from

median 5.8 mg/ml (0.0–51.9) to 14.1 mg/ml (4.5–69.0).

Figure 1 summarizes changes in inflammatory biomarkers

at study entry and three month before death. There was an

increase in all inflammatory biomarkers, although statisti-

cally significant for adiponectin only (p = 0.04). IGF-1

decreased (p = 0.04) during the disease course, while

INFc remained at the same level.

Comparisons of the patients’ inflammatory biomarkers

at study entry and B3 months before death with reference

values from 40 healthy adults (14 females) are shown in

Table 2. Median age of the healthy females was 47 (36–65)

years and median BMI was 21.7 (17.4–25.2) kg/m2.

Twenty-six healthy males had a median age of 51 (45–63)

years and had a median BMI of 23.6 (20.5–25.4) kg/m2.

Both at study entry and three months before death, the

cancer patients had insignificantly higher median levels of

IL-6, TNF-a and adiponectin, and insignificantly lower

median levels of IL-10, leptin and IGF-1 than the reference

group. However, the levels of IL-10 increased significantly

from study entry until three months before death.

According to the 2011 consensus-based classification

system, 11 (55 %) patients were classified as cachectic, one

Table 1 Patient characteristics at study entry

Characteristics Value

Sociodemographic variables n = 20

Age, median years (range) 67.5 (35–79)

Gender, n (%)

Male 15 (75)

Female 5 (25)

Living with other adult(s), n (%)

Yes 13 (65)

No 7 (35)

Educational level, n (%)

[13 years 11 (55)

\12 years 9 (45)

Height and weight, median (range)

Height (cm) 172 (154–195)

Pre-illness weight (self-reported) (kg) 71.5 (40–115)

Weight at diagnosis (kg) 63.5 (38.6–88.9)

Weight loss (%) 6.4 (0.0–37.0)

Duration of weight loss (self-reported)

(weeks)

4 (1–52)

Body mass index, median (range)

Pre-illness (kg/m2) 24.3 (16.0–35.9)

Study entry (kg/m2) 21.3 (15.2–30.9)

Anthropometry, median (range)

Hip circumference (cm) 89.8 (82.5–107)

Waist (cm) 85.5 (71.2–111.5)

Triceps skinfold (mm) 9.2 (3.0–40.7)

Mid-upper-arm muscle circumference (cm) 22.2 (16.3, 27.0)

Use of pancreatic enzymes, n (%)

Yes 8 (40)

No 12 (60)

Cachexia, n (%) (2011 consensus-based criteria)

No cachexia 8 (40)

Pre-cachexia 1 (5)

Cachexia 11 (55)

Glasgow Prognostic score (mGPS), n (%)

No cachexia (mGPS = 0) 12 (60)

Undernourished (GPS = 0, albumin\35 g/l) 1 (5)

Pre-cachexia (GPS = 1) 5 (25)

Refractory cachexia (GPS = 2) 2 (10)

54 Page 4 of 9 Med Oncol (2016) 33:54

123



(5 %) as pre-cachectic and eight (40 %) as non-cachectic at

study entry (Table 1). Since only one patient had pre-

cachexia, this person was treated as non-cachectic in the

analysis. No significant differences in inflammatory

biomarkers or survival were found between cachectic and

non-cachectic patients (Table 3). There was not difference

in energy intake between the cachectic and the non-

cachectic patients (p = 0.09) nor in weight change during

the disease course (p = 0.26).

When using mGPS for classification, 12 (65 %) patients

were non-cachectic, one (5 %) was undernourished, five

(25 %) pre-cachectic and two (10 %) had refractory

cachexia (Table 1). The last two groups were treated as

cachectic and the undernourished as non-cachectic in the

analysis. Cachectic patients had higher IL-6 (p\ 0.001)

and insignificantly shorter survival (p = 0.08) than non-

cachectic patients (Table 4). There was no difference in

energy intake between the cachectic and the non-cachectic

patients (p = 0.21). One (14 %) cachectic patient gained

weight during the disease course compared to five (38 %)

non-cachectic (p = 0.22).

Although we found a moderate agreement between the

2011 consensus-based classification system and the mGPS

regarding the number of cachectic and non-cachectic

patients, namely 6/20 (30 %), the McNemar’s test failed to

reject the null-hypothesis (p = 0.43) of a difference

between the two classifications.

Discussion

Systemic inflammation driven by pro-inflammatory

cytokines is assumed to play an important role in the

development of cancer cachexia [5, 9, 11]. Production of

pro-inflammatory cytokines triggers a systemic inflamma-

tion and causes an acute phase response with increased

CRP and decreased albumin levels [11, 25]. In accordance

with our findings, previous studies have reported increased

levels of CRP, IL-6 and TNF-a in cachectic patients

compared to controls [26–28]. However, when we used the

2011 consensus-based classification system to identify

cancer cachexia [5], we found no differences in inflam-

matory biomarkers between cachectic and non-cachectic

patients as reported by others [27]. We also found no sig-

nificant difference in survival or energy intake between the

two groups. When we used the mGPS [8], we found that

cachectic patients had higher IL-6 levels than the non-

cachectic patients which may be explained by using CRP

as one of the criteria. The divergence between the two

classifications systems may be related to the predominant

focus on weight loss in the 2011 consensus-based classi-

fication system. Although sarcopenia is included as a cri-

terion, the effect of this becomes small because anyone

who has experienced weight loss[5 % will be categorized

as cachectic. This emphasizes the need to rule out simple

starvation before identifying cachexia [5, 29]. Patients with
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Fig. 1 Median changes in inflammatory biomarkers from study entry until the last obtained measurement

Table 2 Biomarkers in cancer

patients at study entry and\3

months before death compared

to reference values obtained

from healthy, normal weight

adults

Patients Healthy adults

Study entry, n = 20 \3 months before death, n = 13 n = 40

Cytokines and adipokines Median (range) Median (range) p values Median (range)

IL-6 (pg/ml) 3.2 (0.5–34.6) 11.1 (0.5–34.6) 0.18 0.7 (0.2–4.1)

IL-10 (pg/ml) 0.8 (0.0–7.7) 1.3 (0.0–18.7) 0.01 1.6 (0.0–17.4)

TNF-a (pg/ml) 8.7 (3.3–22.7) 10.0 (8.0–24.7) 0.37 2.0 (1.0–7.0)

Adiponectin (ug/ml) 8.2 (3.9–26.0) 14.4 (7.2–19.9) 0.09 4.4 (1.4–9.4)

Leptin (pg/ml) 1.6 (0.3–23.9) 1.2 (0.5–9.1) 0.39 4.1 (0.1–14.5)

IGF-1 (ng/ml) 78.8 (7.7–128.2) 64.4 (7.7–105.5) 0.06 121.2 (56.0–209.8)
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pancreatic cancer in particular, experience many symptoms

and problems during the disease course that eventually may

lead to diminished energy intake and weight loss [30, 31].

It is therefore a need for a uniform definition and objective

consensus-based criteria that can exclude starvation, to

improve understanding and management of cancer

cachexia [5]. The mGPS excludes starvation and includes

systemic inflammation by objective measures and should

therefore be considered as a possible framework to sup-

plement the 2011 consensus-based classification system [5,

8]. Furthermore, a recent study in a similar group of pan-

creatic patients revealed that a cachexia classification

system including systemic inflammation as a criterion, was

a better predictor of survival than the 2011 consensus-

based classification system [32]. Interestingly, patients who

had a combination of weight loss, reduced energy intake,

Table 3 Cachexia

classification at study entry with

the 2011 consensus criteria.

Comparison of inflammatory

biomarkers, energy intake,

weight loss and survival

between non-cachectic and

cachectic patients

Cachexia

Noa n = 9 Yes n = 11

Parameter Median (range) Median (range) p values

Weight loss % 0.0 (0–2.86) 12.2 (5.4–37.0) \0.001

Energy intake kcal/kg 22.1 (14.3–33.9) 28.9 (8.6–79.7) 0.09

Biomarkers Albumin (mg/ml) 41.0 (29.0–46.0) 44.0 (33.0–46.0) 0.25

CRP (mg/ml) 12.0 (1.2–51.9) 2.5 (0.0–49.6) 0.35

IL-6 (pg/ml) 4.4 (2.2–34.6) 2.2 (0.5–5.3) 0.12

IL-10 (pg/ml) 0.7 (0–3.4) 0.9 (0.2–7.7) 0.53

TNF-a (pg/ml) 7.5 (4.1–22.7) 8.4 (3.3–11.9) 0.85

INFc (pg/ml) 0.13 (0–13.6) 0.12 (0.1–0.5) 0.28

Adiponectin (mg/ml) 7.2 (5.9–15.6) 10.1 (4.6–26.0) 0.74

Leptin (ng/ml) 1.03 (0.3–23.9) 2.69 (0.3–9.8) 0.74

IGF-1 (ng/ml) 72.5 (7.7–128.2) 78.3 (24.6–115.8) 0.32

Survival Weeks from diagnosis 55 (14–89) 44 (22–111) 0.66

a One patient with pre-cachexia is included in the non-cachexia group

Table 4 Cachexia

classification at study entry with

modified Glasgow Prognostic

score (mGPS). Comparison of

inflammatory biomarkers,

energy intake, weight loss and

survival between non-cachectic

and cachectic patients

Cachexia

Noa n = 13 Yesb n = 7

Parameter Median (range) Median (range) p values

Weight loss % 9.1 (0–37) 0.0 (0–12.2) 0.07

Energy intake kcal/kg 26.4.1 (8.6–79.7) 22.1 (8.6–79.7) 0.21

Biomarkers Albumin (mg/ml) 44.0 (35.0–46.0) 31.0 (29.0–44.0) 0.01

CRP (mg/ml) 2.4 (0–8.8) 46.1 (12.1–51.9) \0.001

IL-6 (pg/ml) 2.2 (0.5–5.3) 12.4 (3.15–34.6) \0.001

IL-10 (pg/ml) 0.8 (0–7.7) 0.7 (0–3.4) 0.58

TNF-a (pg/ml) 9.2 (3.3–22.7) 6.3 (4.1–17.9) 0.37

INFc (pg/ml) 0.11 (0.4–0.8) 0.12 (0.1–0.5) 0.97

Adiponectin (mg/ml) 8.2 (3.9–26.0) 8.4 (5.9–19.1) 0.70

Leptin (ng/ml) 2.29 (0.3–23.9) 0.95 (0.3–9.8) 0.74

IGF-1 (ng/ml) 81.0 (24.6–128.2) 66.7 (7.7–111.3) 0.28

Survival Weeks from diagnosis 52 (25–111) 25 (14–67) 0.08

a One undernourished patient is included in the non-cachexia group
b All patients with pre-cachexia (mGPS = 1) and refractory cachexia (mGPS = 2) are included in the

cachectic group
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sarcopenia and indications of metabolic change (i.e.,

CRP[ 8 mg/l) had poorer survival than patients who did

not have any of these risk factors.

Previous studies regarding cachexia and inflammation

have mainly based their conclusions on results from cross-

sectional studies, animal and experimental models [25, 28,

33], as opposed to the present study with a longitudinal

design, relatively homogenous but small group of patients.

We found that the levels of CRP and pro-inflammatory

cytokines increased while that of albumin decreased during

the disease course. The highest levels of pro-inflammatory

cytokines were found three months or less before death.

The progression of a neoplastic process probably results in

an inflammatory response, characterized by production of

cytokines such as IL-6 and TNF-a, and the induction of an

acute phase response [34]. It is well established that serum

levels of IL-6 generally are elevated in pancreatic cancer

patients compared with healthy controls [35], and elevated

circulating levels of IL-6 as well as IL-10 have been

associated with weight loss, lipolysis and suppression of

muscle synthesis [11, 33, 36]. The high levels of pro-in-

flammatory cytokines may therefore not be specific signs

of cachexia, but rather a response of disease severity and

progression [35]. Others have also questioned if IL-6 levels

really capture the features of cachexia and have suggested

that IL-1b better reflects the most prominent characteristics

[37]. IL-1b was not measured in the present study, but we

suggest including this biomarker in future studies. In the

present study, IL-10 also increased during the disease

course. Although IL-10 is considered anti-inflammatory,

increased IL-10 is associated with worsened prognosis in

chronic disease and may be a response to the increased

cytokine production in cancer patients [36].

In the present study, adiponectin levels were also ele-

vated compared with the reference values at study entry

and increased toward death. This is in accordance with

results obtained from a case–control study in patients with

pancreatic cancer [38]. Adiponectin participates in body

weight regulation with increasing levels as a response to

weight loss [39]. Thus, elevated levels of adiponectin in

pancreatic cancer may therefore be a response to the weight

loss in the patients. Leptin plays an important role in the

regulation of energy metabolism, and since the energy

intake was low compared to daily needs one could expect

elevated leptin levels as previously found in pulmonary

cachexia [40]. We did not find this which is in accordance

with results from other studies in advanced cancer [38, 39].

Plasma leptin levels are proportional to fat mass [41] and

normally decrease when fat mass declines. In our study,

this is reflected by a positive correlation between leptin and

fat mass in our study (data not shown). Studies have also

shown that leptin levels decrease with age in females [42].

Adiponectin levels normally increase with age in both

genders [42]. Our patients had a median age of 67.5 years,

while the reference subjects were about 17 years younger;

thus, age may, at least in part, explain both the leptin and

adipokines levels in the pancreatic patients.

Studies of IGF-1 levels in cancer cachexia are limited.

Animal studies have shown that IGF-1 may be downreg-

ulated in models of cachexia [43]. A previous clinical study

that defined cachexia by unintentional weight loss [5 %

the previous 6 months, reported decreased levels of IGF-1

in cachectic patients compared with weight-stable patients

and healthy controls [27]. IGF-1 reportedly predicts lean

tissue mass in cancer [44]. In line with these studies, we

found a decrease during the course of disease, possibly

reflecting weight loss and/or loss of fat free mass. We also

found lower IGF-1 levels in the pancreatic cancer patients

than in the reference group, however not significantly. This

may be explained with weight loss, but also the fact that

IGF-1 levels can be influenced by the difference in age

between the two groups. Age-related decline in the serum

levels has been documented in earlier studies [45, 46].

The exact mechanisms of weight loss in cachexia are not

fully understood, but both loss of appetite and hyperme-

tabolism may play a role in wasting [9]. In this study, much

of the weight loss could be explained by a low energy

intake. A median intake of 26.2 kcal/kg at study entry is

considered low and insufficient to maintain body weight

[47]. An additional decrease in the energy intake and

weight loss was seen during the disease course.

The main limitations of our study were the small sample

size and the high attrition due to the disease severity and

short survival in pancreatic cancer. However, the median

survival (45.5 weeks) was in line with expected survival in

pancreatic cancer [48]. This means that some patients can

be followed for a relatively long period, with adequate

nutritional interventions and symptomatic treatment to

improve functional status and quality of life [49].

In conclusion, we found that patients with advanced pan-

creatic cancer had increased, albeit insignificant, levels of

most inflammatory biomarkers, both at study entry and close

to death, indicating ongoing inflammation. Moreover, patients

classified as cachectic by the 2011 consensus-based classifi-

cation system did not have higher levels of inflammatory

biomarkers than non-cachectic patients. When mGPS was

used to identify and classify cachexia, the cachectic patients

had higher levels of IL-6 and slightly lower survival than the

non-cachectic patients, which is in line with the definition of

cancer cachexia. The mGPS should be considered as an

additional framework for identification of cancer cachexia to

be validated in future longitudinal studies.
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