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Lung Cancer 

İleri Evre Küçük Hücreli Dışı Akciğer Kanserinde Anemi ve Sistemik 
İnflamasyon

ABSTRACT
Objective: We assessed hematological variables and various mar- 

kers of systemic inflammation in a population of previously 
untreated patients with advanced non-small cell lung cancer  
(NSCLC) and healthy controls to evaluate the frequency of ane-
mia and its correlation with systemic inflammation. 

Methods: In patients with untreated advanced NSCLC and con-
trol subjects, levels of hemoglobin (Hb), serum levels of acute 
phase reactants (APR) including C-reactive protein (CRP) and in-
flammatory cytokines (TNF-α, leptin and osteopontin) were as-
sessed. They were analysed by Pearson’s correlation analysis and 
Mann-Whitney U test.

Results: Sixty-three male NSCLC patients with a mean age of 
65.6±9.8 years were admitted to the study and 25 male healthy 
volunteers of the same age range were admitted as the control 
group. Twenty-five (40%) NSCLC patients had anemia during di-
agnosis of lung carcinoma. Positive APR CRP, leucocyte, throm-
bocyte, ferritin and fibrinogen were higher in the NSCLC group 
than the controls (p<0.001, p=0.042, p<0.001, p=0.009, p<0.001). 
Serum albumin (which is a negative APR) was lower in the can-
cer group (p<0.001). Osteopontin was higher in the cancer group 
(p<0.001) but there were no difference in leptin and TNF-α con-
centrations. There was no correlation between Hb and stage of 
the disease, performance score of patients or cytokines. Serum 
CRP and thrombocyte concentrations were higher in cancer pa-
tients with anemia than those without anemia (p=0.012, p<0.001). 
In the anemic subgroup of lung cancer patients, again Hb in-
versely correlated with CRP and thrombocyte and positively cor-
related with albumin. 

Conclusion: This evidence confirms that anemia is common in 
lung cancer and its presence is related to systemic inflammation.

Keywords: Acute phase reactants, anemia, C-reactive protein, cy-
tokines, lung cancer, systemic inflammation

ÖZET
Amaç: Önceden tedavi görmemiş ileri evre küçük hücreli-dışı ak-

ciğer karsinomlu (KHDAK) bir grup hastada ve sağlıklı kontrol 
grubunda anemi sıklığını ve sistemik inflamasyonla ilişkisini de-
ğerlendirmek için hematolojik değişkenleri ve çeşitli sistemik infla-
masyon göstergelerini araştırdık. 

Yöntemler: Henüz tedavi almamış KHDAK olguları ve kontrol grup-
larında hemoglobin (Hb), C-reaktif protein (CRP) de dahil olmak 
üzere serum akut faz reaktanları (AFR) ve inflamatuvar sitokin 
(TNF-α, leptin ve osteopontin) düzeyleri ölçüldü. Sonuçlar Pear-
son’s korelasyon testi ve Mann-Whitney U tesi kullanılarak değer-
lendirildi. 

Bulgular: Çalışmaya yaş ortalamaları 65,6±9,8 yıl olan 63 erkek  
KHDAK olgusu dahil edildi. Aynı yaş grubunda olan 25 sağlıklı 
gönüllü kontrol grubu olarak alındı.Yirmi beş (%40) KHDAK ol-
gusunda tanı konduğu sırada anemi mevcut idi. Pozitif AFR olan 
CRP, lökosit, trombosit, ferritin ve fibrinojen düzeyleri KHDAK ol-
gularında kontrol grubundan yüksekti (p<0,001, p=0,042, p<0,001, 
p=0,009, p<0,001). Serum albümini (negatif bir AFR) kanser gru-
bunda daha düşüktü (p<0,001). Osteopontin kanser grubunda 
daha yüksek (p<0,001) iken leptin ve TNF-α konsantrasyonlarında 
fark yoktu. Hb ile hastalığın evresi, olguların performans skorları 
veya sitokinler arasında ilişki bulunmadı. Serum CRP ve trombo-
sit konsantrasyonları anemisi olan kanser olgularında olmayanlara 
kıyasla daha yüksekti (p=0,012, p<0,001). Anemik kanser olgula-
rında yine Hb; CRP ve trombosit ile ters, albümin ile doğru orantılı 
bulundu. 

Sonuç: Bu bulgular aneminin akciğer kanserinde sık görüldüğünü 
ve sistemik inflamasyon ile ilişkili olduğunu doğrulamaktadır
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INTRODUCTION

Anemia is highly prevalent in patients with lung cancer, often 
occurring at baseline and frequently being exacerbated as a result 
of treatment with platinum-based chemotherapy (1). Anemia has 
been shown to have a negative effect on quality of life in patients 
with lung cancer, and additional data indicate that decreases in 
hemoglobin concentrations in these patients are associated with 
impaired survival (2,3). Multiple clinical studies have demon-
strated that treatment of anemia with erythropoietic agents in 
patients with lung cancer results in a significant increase in he-
moglobin, decrease in transfusions, and improvement in quality 
of life (4,5). Recognizing the extent and correlates of anemia in 
advanced cancer will be the first step towards improving its man-
agement in the future by targeted therapies. 

The acute-phase response (APR) refers to a sequence of physi- 
ological changes in response to various stimuli, including tissue 
injury, infection, malignant growth and immunological disorders 
(6). The initiation and co-ordination of the APR is primarily regu- 
lated by cytokines, which operate in a complex network. Tumor 
necrosis factor-alpha (TNF-α) and interleukin-1 (IL-1) are consid-
ered as proximal mediators within this network and they initiate 
a cascade of additional mediators such as interleukin-6 (IL-6). 
IL-6 is a major regulator of hepatic gene expression of APR (6). 
Conversion of the APR to chronic inflammation, i.e. in the course 
of neoplastic disorders, coincides with profound changes in iron 
metabolism and erythropoiesis frequently resulting in anemia, 
defined as anemia of chronic disease (ACD), or more recently 
referred to as anemia of inflammation (7). ACD is a mild to mode- 
rate anemia characterized by decreased serum iron, decreased total 
iron-binding capacity and increased iron stores (8). 

Generally, the chronic anemia associated with cancer is char-
acterized by an inadequate production of erythropoietin (EPO) 
for a given hemoglobin/hematocrit as well as an inadequate 
response of the erythroid marrow to endogenous EPO. In ad-
dition, there is impaired release of iron from stores as a result 
of increased hepcidin production so that, in chronic conditions, 
there is evidence of inadequate delivery of iron to the erythroid 
marrow and evidence of iron-deficient erythropoiesis (termed 
functional or relative iron deficiency). Finally, there is a mild 
shortening of red cell survival (7). The key to understanding the 
mechanisms surrounding these changes lies in the alterations in 
the production of several pro-inflammatory cytokines, including 
IL-1, IL-6, TNF-α, the interferons (IFN) and hepcidin (7).

In the present study we assessed hematological variables 
and various markers of systemic inflammation (APR, TNF-α, 
leptin and osteopontin) in a population of previously untreat-
ed patients with advanced non-small cell lung cancer (NSCLC) 
and healthy controls to evaluate the frequency of anemia and its 
correlation with systemic inflammation.

METHODS

Subjects
Sixty-three male lung cancer patients (age range 52-84 years) 

were admitted to the study consecutively. All patients were 

histopathologically confirmed to have NSCLC. Staging of the  
NSCLC patients was established by clinical findings, chest 
x-ray, bronchoscopy, thorax CT, brain MRI and PET-CT on the 
basis of the latest TNM staging system (9). None of the patients 
had undergone surgical resection, or had received chemothera-
py or radiotherapy at the time of sampling. 

Twenty-five male volunteers of the same age range without 
cancer were admitted as the control group from the participants 
of the Chest Diseases Outpatients Clinic. Both patients and con-
trol subjects with comorbidities that may lead to anemia (chro- 
nic diseases, malnutrition) or systemic inflammation (infection, 
heart failure, collagen vascular diseases, etc.) were excluded 
from the study. 

NSCLC patients were further divided into 2 subgroups as 
those having anemia (Hb<13 g/dL) (n=25) or not (n=38). Ane-
mia was defined according to World Health Organization crite-
ria for men (10).

The study was approved by the ethics committee of Adnan 
Menderes University and all subjects gave written consent to 
participate in the study. 

Measurement of Acute Phase Reactants and 
Cytokines 
Fasting blood samples were collected for routine labora- 

tory analysis of hematologic markers and acute phase reac-
tants (APR). A further blood sample was taken and centrifuged 
at 4000Xg for 7 min at room temperature. The samples were 
stored in aliquots at -800C until analysis. Serum CRP concen-
tration (mg/L) was measured by a commercially available kit 
by the turbidimetric method (Tokyo Boeiki, Prestige 24i, kit no: 
81067HWOO, Tokyo, Japan). Serum TNF-α concentration (pg/
ml) was also measured by ELISA using hTNF-α kit (Bender 
MedSystems Human TNF-α kit no: BMS223INSTCE, Vienna, 
Austria). Serum leptin (pg/ml) concentrations were measured 
by solid phase sandwich enzyme-linked immunosorbant assay 
(ELISA) using (Bender MedSystems Human Leptin kit no: 
BMS2039INST, Vienna, Austria) according to the manufac- 
turer’s instructions. Serum osteopontin concentration (ng/dL) 
was measured by solid phase sandwich enzyme-linked immu-
nosorbant assay (ELISA) using Assay Designs Human Osteo-
pontin kit (Enzo Life Sciences, kit no: ADI-900-142, NY, USA) 
according to the manufacturer’s instructions. 

Statistical Analysis 
Statistical tests were carried out with the SPSS software 

program. Results were presented as mean±SD. Correlations be-
tween markers were evaluated using Pearson’s correlation ana- 
lysis. Non-parametric data of study groups were compared by 
Mann-Whitney U test. A significance level of p=0.05 was used.

RESULTS

Sixty-three male lung cancer patients with a mean age of 
65.6±9.8 (age range 52-84) years were admitted to the study 
consecutively and 25 male volunteers of the same age (mean 
age of 63.5±11.5 years) range without cancer were admitted as 
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the control group. Demographic data of study groups and tu-
mor characteristics of NSCLC patients admitted to the study 
are shown in Table 1. The subjects were all male and in the 
same age group. The smoking history of the groups was similar 
but the Karnofsky score was higher in the control group. For-
ty-three percent of NSCLC patients were classified as stage III 
and 57% as stage IV. 

Twenty-five (40%) of NSCLC patients had anemia during 
the diagnosis of lung carcinoma (before any treatment). Hemo-
globin and serum Fe values were significantly lower and ferritin 
(which is also an APR) was higher in the lung cancer group; 
whereas there was no difference in iron binding capacity and 
transferrin (Table 2).

The positive acute phase reactants CRP, leucocyte, throm-
bocyte, ferritin and fibrinogen were higher in the lung cancer 
group than in controls. Serum albumin (which is a negative 
APR) was lower in the cancer group (Table 3). When cytokines 
were concerned, osteopontin was higher in the cancer group but 
there were no difference in serum leptin or TNF-α concentra-
tions (Table 3).

The comparison of APR and cytokine (leptin, TNF-α and os-
teopontin) concentrations in lung cancer patients with or with-
out anemia are shown in Table 4. Serum CRP and thrombocyte 
concentrations were higher and albumin was lower in cancer 
patients with anemia, whereas there was no difference in leuco-
cyte, fibrinogen, ferritin and cytokine levels.

In correlation tests, Hb inversely correlated with CRP 
and thrombocyte levels in NSCLC patients (Table 5 and  
Figure 1). There was a positive correlation between Hb and 
albumin. However, there was no correlation between Hb and 
stage of the disease, performance score or cytokines (Table 5). 
In the anemic subgroup of NSCLC patients, again Hb negative-
ly correlated with CRP (p=0,004; r =-0,598) and thrombocyte 
(p=0,011; r=-0,546) and positively correlated with albumin 
(p=0,001; r=-0,656). 

DISCUSSION

Anemia has been reported in association with lung cancer. 
Studies have reported its incidence as 50-60%, which is much 
higher than that seen in colorectal and breast cancers (around 
10-20% each) (11). After anticancer treatment, anemia was re-
ported in 54% of patients and as many as 71% of patients were 
anemic at some time. However, anemia was treated in only 32% 
of patients (red blood cell transfusions, 61%; iron supplemen-
tation, 33%; while erythropoietin stimulating proteins in just 
6%) (12). In our study, 25 (40%) of patients with advanced lung 
cancer (stages III-IV) had anemia before anticancer treatment.

Anemia in the context of a malignancy predicts a poor out-
come. It is associated with fatigue in 3 of every 4 cancer pa-
tients, as measured with the general version of the Functional 
Assessment of Cancer Therapy (FACT-G) questionnaire, and 
decreases the quality of life (QOL). In a telephone survey of 
419 patients, 61% of cancer patients declared fatigue affected 
their daily lives more than pain (11). Weakness, shortness of 

		  NSCLC 	 Controls	 P
		  (n=63)	 (n=25)	

Age (year)	 65.6±9.8	 63.5±11.5	 0.063

Gender M/F (%)	 100/-	 100/-	 -

Karnofsky score (%)	 85	 100	 <0.001

Smoking (pack-year)	 63.8±30.2	 60.7±27.3	 0.079

Stage, n (%)

	 IIIa-IIIb	 27 (43%)	 -	 -

	 IVa-IVb	 36 (57%)	 -	 -

Histologic subtypes, n (%)

	 Squamous cell 	 11 (17.5%)	 -	 -

	 Adenocarcinoma	 15 (23.8%)	 -	

	 NSCLC (unspecified)	 37 (58.7%)	 -	

NSCLC: Non-small cell lung carcinoma

Table 1. Demographic data of study groups and tumor characteristics of 
NSCLC patients (mean±SD)

	 NSCLC patients  	 Controls	 P
	 (n=63)	 (n=25)	  

Hb (g/dL)	 11.6±1.6	 14.9±1.4	 <0.001

Fe (µg/dL)	 45.5±53.9	 90.4±57.2	 <0.001

Ferritin (ng/mL) 	 252.5±212.4	 110.3±86.2	  0.009

UIBC (µg/dL)	 224.9±84.7	 242.3±64.6	 0.248

Transferrin (ug/dL) 	 178.7±51.0	 190.0±38.2	  0.339

Fe: Iron, Hb: Hemoglobin, NSCLC: Non-small cell lung carcinoma,
UIBC: Unsaturated iron binding capacity

Table 2. Hematologic markers in NSCLC patients and controls (mean±SD)

	 NSCLC patients	 Controls	 P
	 (n=63)	 (n=25)	

Acute phase reactants			 

   CRP (mg/L) 	 44.5±36.0	 6.1±14.9	 <0.001

   Leucocyte (mkrL) 	 9815±3166	 8442±1923	 0.042

   Thrombocyte (mkrL) 	 368936±134528	 243952±104813	 <0.001

   Fibrinogen (mg/dL) 	 436.1±158.6	 240.0±93.2	 <0.001

   Albumin (g/dL) 	 4.2±0.4	 4.6±0.4	 <0.001

   Ferritin (ng/mL) 	 252.5±212.4	 110.3±86.2	 0.009

Cytokines			 

   TNF-α (pg/mL) 	 5.6±2.1	 5.4±1.5	 0.063

   Leptin (pg/mL) 	 187.4±98.1	 186.9±66.9	 0.528

   Osteopontin (ng/dL)	 3.3±3.2	 1.9±0.5	 0.001

CRP: C-reactive protein, NSCLC: Non-small cell lung carcinoma, TNF-α: Tumor 
necrosis factor-alpha

Table 3. Serum acute phase reactants and cytokine levels in NSCLC 
patients and controls (mean±SD)
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breath, lightheadedness and dizziness were the other symptoms 
of anemia reported by cancer patients (13). 

Anemia is also associated with a higher cancer recurrence 
rate and shorter survival after radiotherapy. This may reflect a 
more aggressive or extensive tumor burden, rather than a direct 
effect of the anemia itself, but there is some evidence that tu-
mor-cell hypoxia, potentially exacerbated by anemia, may ad-
versely affect radiosensitivity (11).

Xu et al. (2) investigated the impact of anemia on chemo-
therapy efficacy and prognosis in 140 patients with advanced 
non-small cell lung cancer and found that NSCLC patients had 
a higher incidence of anemia, especially the incidence of che-
motherapy-related anemia. Age, clinical stage, performance 
score and albumin levels were the risk factors of pre-treatment 

cancer-related anemia. NSCLC patients with anemia had lower 
QOL and chemotherapy efficacy, and shorter lifetime. Anemia 
was an independent prognostic factor in NSCLC patients. We did 
not find any correlation between Hb and stage of the disease or 
performance score in our study, but that may be because we did 
not have any stage I or II patients; they were all stage III or IV.

Anemia of chronic disease is believed to be the major un-
derlying cause of anemia in cancer patients. However, plati-
num-based chemotherapy is also an important factor and may 
at least partially explain why lung cancer has one of the highest 
rates of anemia among the common malignancies (11). That was 
why we evaluated the patients before any anticancer treatment. 

Cancer related anemia (CRA) is typically normochromic, 
normocytic with a low reticulocyte count. Bone marrow iron 
stores are adequate or increased, but iron reutilization is im-
paired, as shown by normal or increased ferritin levels and low 
serum iron levels and iron binding capacity (14). In CRA, eryth-
roid progenitor cells respond normally to erythropoietin (EPO), 
but EPO production is often not optimal for the level of anemia. 
The biologic and hematologic characteristics of CRA are similar 
to those observed in anemia occurring in chronic inflammatory 
diseases (14). Similarly, we detected that hemoglobin and serum 
Fe values were significantly lower and ferritin (which is also an 
APR) was higher in the lung cancer group; whereas there was 
no difference in iron binding capacity and transferrin.

Several studies showed that proinflammatory cytokines blunt 
the EPO response to anemia and impair erythroid colony for-
mation in response to EPO. Additionally, proinflammatory cy-
tokines IL-1, IL-6, TNF-α, and the acute-phase proteins impair 
iron metabolism, inhibiting the reticuloendothelial iron stores 
with low iron circulating levels. Disorder in iron reutilization 
also characterizes CRA (14).

Markers of chronic inflammation commonly observed in pa-
tients with malignancy, are thought to relate to the stage of dis-
ease, to low performance status (PS), and to compromised nu-
tritional status and weight loss (15). Inflammatory mediators, 

	 NCSLC patients 	 NCSLC patients	 P
	 with anemia	 without anemia
	 (n=25)	 (n=38)	

Acute phase reactants			 

   CRP (mg/L) 	 56.6±36.2	 36.6±34.1	 0.012

   Leucocyte (mkrL) 	 10220±3483	 9550±2958	 0.292

   Thrombocyte (mkrL) 	 435560±146804	 325105±106651	 0.001

   Fibrinogen (mg/dL) 	 442.3±158.8	 428.3±137.5	 0.731

   Albumin (g/dL) 	 4.1±0.5	 4.3±0.4	 0.015

   Ferritin (ng/mL) 	 314.9±266.5	 213.5±163.0	 0.191

Cytokines			 

   TNF-α (pg/mL) 	 5.7±1.1	 5.0±2.6	 0.527

   Leptin (pg/mL) 	 192.8±97.8	 179.2±99.7	 0.710

   Osteopontin (ng/dL)	 3.4±3.3	 3.2±3.2	 0.518

CRP: C-reactive protein, NSCLC: Non-small cell lung carcinoma, TNF-α: Tumor 
necrosis factor-alpha

Table 4. Serum acute phase reactants and cytokine levels in NSCLC 
patients with or without anemia (mean±SD)

Hb &	 p	 r

Stage of cancer	 0.644	 -0.060

Karnofsky score	 0.380	 0.112

CRP 	 0.008	 -0.331

Leucocyte 	 0.955	 -0.007

Thrombocyte 	 0.001	 -0.405

Fibrinogen 	 0.759	 0.043

Ferritin	 0.206	 -0.178

Albumin 	 0.008	 0.333

TNF-α 	 0.062	 -0.159

Leptin 	 0.175	 0.201

Osteopontin 	 0.112	 -0.202

CRP: C-reactive protein, Hb: Hemoglobin, NSCLC: Non-small cell lung carcinoma,  	
TNF-α: Tumor necrosis factor-alpha

Table 5. Correlates of anemia in NSCLC patients 

Figure 1. Correlation of Hb with CRP in NSCLC patients.
CRP: C-reactive protein, Hb: Hemoglobin, NSCLC: Non-small cell lung carcinoma
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particularly cytokines IL-6, TNF-α, and IL-1β have been rec-
ognized to play a key role in inducing anorexia, nausea/vo- 
miting, and the severe energy metabolism disorders occurring 
in patients with advanced cancer. The release of proinflamma-
tory cytokines in neoplastic patients is often associated with in-
creased production of reactive oxygen species (ROS) either as 
a component of their immune response or as a consequence of 
increased metabolism (15). Thus, the presence of inflammation 
in patients with cancer may account for profound physiologic 
changes, including those metabolic changes resulting in cachex-
ia and, possibly, anemia. Several in vitro and in vivo studies 
demonstrated that high levels of proinflammatory cytokines and 
increased oxidative stress contribute both to the development of 
anemia and to the resistance to recombinant human EPO (16).

Experimental data on mice and human indicate that that 
IL-6 causes anemia independent of a reduction in EPO levels 
(17,18). When recombinant human interleukin-6 (rhlL-6) was 
administered to lung cancer patients, a reversible anemia, cha- 
racterized by a decrease in serum iron, and an increase in ferri-
tin and erythropoietin without reticulocytosis, developed. Also 
a dose-related increase of CRP plasma levels was observed (18). 
In our study, the positive acute phase reactants CRP, leucocyte, 
thrombocyte and fibrinogen were higher in the NSCLC group 
than controls. Hb inversely correlated with CRP in NSCLC 
patients. In the anemic subgroup of NSCLC patients, Hb was 
again negatively correlated with CRP.

TNF is a pleiotropic cytokine with activities that extend be-
yond its antitumour effect. There is now increasing evidence 
that TNF can be either constitutively produced or induced in 
human tumors. Tumor cells may also lead to TNF induction in 
normal cells. Its effects range from stimulation of cancer growth 
and metastasis, to metabolic and haematological disturbances, 
e.g. cancer cachexia, anaemia, and hypercalcaemia (19). 

Feelders et al. (6) examined the prolonged effects of isolated 
limb perfusion (ILP) with recombinant human tumour necrosis fac-
tor alpha (rTNF) on IL-6 and acute-phase protein levels, iron status 
and serum transferrin receptor (sTfR) levels in 12 cancer patients 
and reported that after ILP, leakage of TNF resulted in peak system-
ic levels at 3 min followed by an increase in IL-6 with maximum 
levels at 4h. CRP rose at 4 h to peak levels at day 2. Albumin and 
transferrin levels decreased after ILP and recovered after day 2. Se-
rum iron and sTfR levels decreased during pretreatment and after 
ILP to minimum levels at 8 h and day 1 respectively. This was as-
sociated with an increase in serum ferritin levels, which paralleled 
CRP values. Their data pointed to a central role for the cytokine 
network in the modulation of iron metabolism in the acute-phase 
response and anemia of chronic disease. TNF, possibly via induc-
tion of IL-6, and IFN-γ, induces hypoferraemia, which may in part 
result from a decrease in tissue iron release based on a primary 
stimulation of ferritin synthesis. The fall in sTfR levels may reflect 
an impaired erythroid growth and/or TfR expression mediated by 
TNF and IFN-γ (6). In the present study, we did not find any diffe- 
rence in serum TNF-α concentrations of the patients with or with-
out cancer. In most clinical conditions TNF-α is only transiently 
elevated in serum and therefore a single blood sampling may not 
reflect the chronic state (20).

Ferritin is an ubiquitous intracellular protein that stores 
iron and releases it in a controlled fashion. The increase in 
the serum ferritin actually has two components: reflecting the 
increase in iron stores and in response to the general inflam-
matory process, itself, since ferritin is an acute phase reactant 
(21). If ferritin is high, there is iron in excess or else there is 
an acute inflammatory reaction in which ferritin is mobilized 
without iron excess. Kukulj et al. (22) investigated altered 
iron metabolism, inflammation, transferrin receptors, and fer-
ritin expression in non-small-cell lung cancer and found that 
at the time of diagnosis, more than half of the patients had 
anemia and significantly elevated serum ferritin. Iron content 
of serum ferritin (ICF) was below the reference values in 
90% of patients. Furthermore, ICF showed positive correla-
tion with iron metabolic markers and survival but negative 
correlation with serum ferritin and ESR. Tumor tissue ferri-
tin expression showed a negative correlation with serum iron 
and hematocrit (Ht), and positive correlation with ferritin, 
erythrocyte sedimentation rate (ESR), alpha-1 globulin, and 
alpha-2 globulin. They concluded that elevated serum ferritin 
in sera of NSCLC patients is the result of inflammation and 
oxidative stress rather than body iron overload. Ferritin, as 
an APR, was higher in the lung cancer group than the con-
trols in our study.

Leptin, the product of the ob gene, is a protein synthesized 
and secreted mainly by white adipose tissue in proportion to 
fat stores, and it is considered as an adipokine which belongs 
to the class I cytokine superfamily (23,24). Leptin expression 
is upregulated by various proinflammatory cytokines, includ-
ing TNF-α, IL-1, IL-6 (25). However, in contrast to acute 
stimulation of the inflammatory system, chronic inflammation 
causes a reduction in leptin levels (26). Leptin has emerged in 
the literature as a multifunctional hormone with versatile ac-
tivities and complex counteractions with other cytokines and 
adipokines (24). A remarkable aspect of the effects of leptin 
on the immune system is its action as a proinflammatory cyto-
kine itself. Leptin can therefore be described as a cytokine-like 
hormone with pleiotropic actions (23). Although we did not 
detect a relationship with other inflammatory markers, we pre-
viously found that leptin was lower in weight-losing cancer 
patients (27). The role of leptin in anemia of chronic disease 
has not yet been extensively studied. A polymorphism in the 
leptin gene promoter was found to be associated with anemia 
in patients with HIV disease (28). Chung et al. (29) reported 
that leptin increases the expression of the iron regulatory hor-
mone hepcidin in HuH7 human hepatoma cells. These data 
suggest that leptin upregulates hepatic hepcidin expression. 
As a consequence, the increased production of leptin in over-
weight individuals might be a major contributor to the aberrant 
iron status observed in these population groups. In the present 
study, we did not find any difference in serum leptin levels of 
patients with or without lung cancer and did not detect any 
relation with markers of anemia.

Osteopontin (OPN) is a multifunctional protein classified as 
both a matricellular protein and a cytokine. Data from experi-
mental studies suggest that OPN is induced during malignant 
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transformation and may function in tumorigenesis or regulate 
development of a metastatic phenotype (30). Clinical studies 
also revealed that elevated concentrations of OPN are associ-
ated with advanced stages of lung carcinoma, increased risk 
of lymph node metastasis, and shorter overall survival even in 
early stages (31). OPN is currently being studied as a potential 
biomarker for cancer and there is interest in targeting OPN as a 
therapeutic treatment for cancer (32). 

With its well-characterized cytokine-like properties, OPN is 
known to have multiple functions in the inflammatory cascade 
(30). Although the role of OPN in tumorigenesis and invasive-
ness is well-known, its role in the systemic consequences of lung 
cancer like cancer related anemia or anemia of inflammation has 
not been studied as far as we know. Previously, we have found 
a positive correlation between OPN and CRP and considered 
OPN as an indicator of systemic inflammation in lung cancer 
patients (33). In the present study, serum level of osteopontin 
was higher in the cancer group but neither was there a difference 
in lung cancer patients with or without anemia nor a relation 
with markers of anemia.

Anemia affects the health-related quality of life and impacts 
the prognosis and outcome of therapy. Despite this clinical 
relevance, anemia is often underrecognized and undertreated. 
Treatment options include the administration of hematopoietic 
growth factors and red blood cell transfusions. Blood transfu-
sions result in rapid but often transient improvement of anemia. 
Administration of epoetin or darbepoetin alfa increases hemo-
globin levels, decreases blood transfusions, and improves the 
quality of life in patients with lung cancer (5). Trials determin-
ing the exact association of anemia with response to chemo-
therapy/radiation therapy and survival are ongoing. Oncologists 
must be aware of the clinical relevance of anemia and offer ade- 
quate treatment options to their patients.

CONCLUSION

The results of the present study reveal that anemia is com-
mon in advanced lung cancer. The correlation between hemo-
globin levels and elevated markers of inflammation suggest that 
the systemic inflammation is, at least partially, responsible for 
anemia in lung cancer patients. 
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