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Abstract: We seek to define inflammatory markers, lipid and protein profiles that may aid in
distinguishing lung cancer cases from those who are healthy and to determine the relationships
between these levels and cancer stage and cell type. Lung cancer patients (n = 140, Group 1)
and healthy cases (n = 50, Group 2) were enrolled. We retrieved platelet, platelet-associated
markers (plateletcrit (PCT), mean platelet volume (MPV), platelet distribution width (PDW)),
neutrophil/lymphocyte ratio-NLR, platelet/lymphocyte ratio-PLR, lipids (total cholesterol (TC),
high density lipoprotein (HDL), low density lipoprotein (LDL), very low density lipoprotein (VLDL),
triglycerides), proteins (total protein (TP) and albumin), and C-reactive protein (CRP) from electronic
records and compared the data from lung cancer patients with those from healthy controls. Platelet,
PCT, neutrophil, NLR, PLR, triglycerides, VLDL, and CRP levels were significantly higher in Group 1
compared with Group 2. MPV, lymphocyte, albumin, and HDL levels were significantly lower in
Group 1 compared with Group 2. No significant relationship was evident between histopathological
types and the level of any marker. Compared to those with early-stage cancer, changes in marker levels
in those with advanced-stage cancer were statistically significant. CRP and NLR were significantly
higher; albumin and HDL were lower in metastatic patients. We found that platelet, PCT, NLR and
PLR, albumin, HDL, and CRP levels aided in lung cancer diagnosis and the detection of late-stage
disease. Furthermore, these inflammatory and biological markers are thought to be particularly
useful in following the severity of lung cancer.

Keywords: lung cancer; neutrophil/lymphocyte ratio; platelet/lymphocyte ratio; biological markers;
cancer stage

1. Introduction

Lung cancer remains a major cause of mortality worldwide, principally because of its late
diagnosis [1]. Inflammation plays a critical role in the progression of many cancers, stimulating
cancer cell proliferation and angiogenesis [2]. Thus, various blood markers of inflammation
have been evaluated in patients with different malignant tumors. These markers include platelet,
neutrophil, and lymphocyte numbers but especially include neutrophil/lymphocyte ratio (NLR),
platelet/lymphocyte ratio (PLR), mean platelet volume (MPV), plateletcrit (PCT), and platelet
distribution width (PDW) [3–5]. Although changes in inflammation markers and lipid and protein
profiles have been reported in lung cancer patients, the utility of such data remain unclear [6].
These inflammatory blood markers, lipid and protein levels can be routinely determined from complete
blood counts and biochemical measurements which are inexpensive and reliable. In our study,
we sought to define the inflammatory markers and lipid and protein profiles that may aid in the
diagnosis of lung cancer, and we assessed the relationships of such measures with cancer stage and
cell type.
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2. Materials and Methods

One hundred and forty consecutive patients with lung cancer referred to Yedikule Chest Diseases
and Thoracic Surgery Health Practice and Research Center between 2016 and 2017 (Group 1, male = 130,
female = 10); age and gender matched 50 healthy controls (Group 2, male = 45, female = 5) were
included in the study.

The following patients were excluded: those with active infection or inflammation, hypertension,
hematological or renal disease, heart failure, hepatic impairment; active bleeding; having a history of
blood transfusion in the prior 3 months, acute myocardial infarction or cerebrovascular disease,
a history of pulmonary embolism in the last month, a history of myeloproliferative disease,
and autoimmune disease; as well as those who take steroids and have any other form of cancer.
This analytical, case-control study was approved by the local ethics committee and written informed
consent was obtained from all of the study participants. All study procedures were carried out in
accordance with the Declaration of Helsinki.

Platelet numbers and the levels of platelet-associated markers (plateletcrit (PCT), mean
platelet volume (MPV), platelet distribution width (PDW)), neutrophil/lymphocyte ratio-NLR,
platelet/lymphocyte ratio-PLR, lipids (total cholesterol (TC), high density lipoprotein (HDL), low
density lipoprotein (LDL), very low density lipoprotein (VLDL), triglycerides), proteins (total protein
(TP) and albumin), and C-reactive protein (CRP) were measured. Preoperative or pretreatment blood
data were obtained from electronic records. The NLR and PLR were calculated using these data.

The results from lung cancer patients and healthy controls were compared. Cancer patients were
subgrouped by stage (stage 1 = 11, stage 2 = 28, stage 3 = 52, stage 4 = 49), histopathological type
(squamous = 55, adeno = 27, large cell = 1, undetermined type nonsmall cell lung cancer (NSCLC)
= 32, small cell lung cancer (SCLC) = 25), and metastasis status (n = 34). The blood values of these
subgroups were compared among themselves.

2.1. Measurements

Full blood counts were carried out using ABX Pentra 120 (Minnesota, USA); serum TC, HDL,
LDL, VLDL, TG, TP, albumin, and CRP were analyzed with Olympus AU2700 Plus, Beckman Coulter
(Tokyo, Japan) devices.

2.2. Lung Cancer Staging

The TNM staging system was used for lung cancer staging. The TNM Staging System is based on
the extent of the tumor (T), the extent of spread to the lymph nodes (N), and the presence of metastasis
(M). The most up-to-date 8. TNM staging system was used in this study [7]. According to this staging
system, stage IA, IB, IIA, IIB, and IIIA were considered early stage. IIIB, IIIC, IVA, and IVB were
considered late (advanced) stage. Stage IVA and IVB were in the metastatic group.

2.3. Histopathological Types of Lung Cancer

Patients with lung cancer were classified to have squamous cancer, adeno cancer, undetermined
type non-small cell lung cancer, small cell lung cancer, or large cell cancer.

2.4. Statistical Analysis

All statistical analyses were performed using SPSS 16.0 statistical software package (SPSS Inc.,
Chicago, IL, USA). All numeric data were expressed as the mean ± standard deviation. Student’s
t-test was used to evaluate the difference in platelet, platelet indices markers, NLR, PLR, protein
and lipid levels between patients with lung cancer and healthy controls. The Kruskal Wallis Test
was used in the comparison of histopathological types. The comparison of different stages and
metastatic and non-metastatic cancer groups was analyzed using the Mann-Whitney U and Wilcoxon
Tests. The correlation of CRP levels with lipid and protein concentrations was analyzed by the
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Mann-Whitney U Test. Inter-group comparisons were performed with a one-way analysis of variance.
Correlations between numerical parameters were done with Pearson’s correlation test. Correlation
between one numerical and one categorical or two categorical parameters was done with Spearman’s
correlation test. Receiver operating characteristic (ROC) curve analysis was used to calculate the
sensitivity and specificity of NLR and PLR in detecting lung cancer. A p value of <0.05 was accepted to
be statistically significant.

3. Results

Platelet numbers, PCT, neutrophil numbers, NLR (Figure 1A), and PLR (Figure 1B) were
significantly higher in lung cancer patients than in healthy controls (p < 0.05, Table 1). The lymphocyte
(Figure 2A) and MPV (Figure 2B) levels were significantly lower in patients with lung cancer than in
controls (p < 0.05, Table 1). The PDW did not differ significantly between the groups (p > 0.05, Table 1).
No significant relationship was evident between histopathological subgroup and any marker (p > 0.05,
Tables 2 and 3). According to the TNM stage, the associations of all markers (apart from the PDW)
with advanced-stage cancer (stage 3 + stage 4, n = 101) were significantly greater than the associations
with early-stage cancer (stage 1 + stage 2, n = 49) (p < 0.05, Table 2). In terms of metastasis status,
the NLR was significantly higher in metastatic patients (p < 0.05, Table 3).
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Table 1. Laboratory findings of lung cancer patients (Group 1) and control cases (Group 2).

Group 1 (mean ± SD) Group 2 (mean ± SD) p Value

Age (years) 58.85 ± 9.26 51.82 ± 8.99 0.14
Plt, ×103/µL 330 ± 104.4 233 ± 371.8 0.03 *

MPV, fL 7.45 ± 0.80 8.79 ± 0.70 0.04 *
PCT, % 0.27 ± 0.07 0.21 ± 0.04 0.03 *
PDW, % 15.19 ± 2.24 14.77 ± 1.95 0.53

Neutrophile, µL 6548 ± 3141 3595 ± 768 0.01 *
Lymphocyte, µL 1928 ± 682 2924 ± 811 0.02 *

NLR 3.48 ± 0.31 0.76 ± 0.08 0.0001 *
PLR 105 ± 9.21 23.90 ± 3.38 0.0001 *

WBC, µL 9500 ± 3428 7100 ± 1313 0.72
Total protein, g/L 6.9 ± 0.7 7.0 ± 0.4 0.17

Albumin, g/L 3.5 ± 0.5 4.0 ± 0.3 <0.001 *
Total Cholesterol, mmol/L 163.7 ± 31 163.9 ± 21.9 0.93

Triglyceride, mmol/L 116.9 ± 42 100.9 ± 27.7 0.02 *
HDL, mmol/L 34.2 ± 7.7 47.7 ± 5.0 <0.001 *
LDL, mmol/L 104.3 ± 27 97.2 ± 20.2 0.15

VLDL, mmol/L 24.7 ± 12.3 19.9 ± 7.0 0.02 *
CRP, mg/L 12.9 ± 10.9 0.45 ± 0.2 <0.001 *

* Statistically significant, p < 0.05; SD, standard deviation; WBC, white blood cell; PLT, platelet; PDW, platelet
distribution width; MPV, mean platelet volüme; PCT, plateletcrit; CRP, C-reactive protein; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; VLDL, very low-density lipoprotein; NLR, neutrophile/lymphocyte
ratio; PLR, platelet/lymphocyte ratio.J. Clin. Med. 2018, 7, x FOR PEER REVIEW  4 of 9 
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Table 2. The relationship between laboratory findings and histopathological type and advanced- stage
(TNM) in lung cancer group.

Histopathological Type (p Value) Advanced- Stage (TNM) (p Value)

Plt, ×103/µL 0.23 0.02 *
MPV, fL 0.46 0.04 *
PCT, % 0.33 0.01 *
PDW, % 0.53 0.06

Neutrophile, µL 0.47 0.09
Lymphocyte, µL 0.49 0.02 *

NLR 0.59 0.03 *
PLR 0.34 0.001 *

Total protein, g/L 0.87 0.82
Albumin, g/L 0.16 0.02 *

Total Cholesterol, mmol/L 0.55 0.34
Triglyceride, mmol/L 0.32 0.76

HDL, mmol/L 0.80 0.001 *
LDL, mmol/L 0.60 0.98

VLDL, mmol/L 0.40 0.60
CRP, mg/L 0.78 0.004 *

* Statistically significant, p < 0.05; PLT, platelet; PDW, platelet distribution width; MPV, mean platelet volüme; PCT,
plateletcrit; CRP, C-reactive protein; HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very
low-density lipoprotein; NLR, neutrophile/lymphocyte ratio; PLR, platelet/lymphocyte ratio.

Table 3. Correlations between laboratory parameters and other parameters in lung cancer group.

NLR PLR HDL Albumin CRP

r r r r r

Stage (TNM) 0.47 ** 0.38 ** −0.32 ** −0.37 ** 0.49 **
Histopathologic Type NS NS NS NS NS

Metastasis 0.43 ** 0.33 ** −0.35 ** −0.31 ** 0.48 **
HDL −0.29 * −0.21 * 0.51 ** −0.39 **

Albumin −0.32 ** −0.25 * 0.51 ** −0.35 **
CRP 0.42 ** 0.36 ** −0.39 ** −0.35 **

* p < 0.05; ** p < 0.001; r: correlation value. NLR, neutrophile/lymphocyte ratio; PLR, platelet/lymphocyte ratio;
HDL, high-density lipoprotein; CRP, C-reactive protein.

The albumin and HDL levels were significantly lower and the triglyceride, VLDL and CRP levels
were significantly higher in cancer patients compared with control patients (p < 0.05, Table 1). The TP,
TC, and LDL levels did not differ significantly between the groups (p > 0.05, Table 1). In those with
advanced-stage (compared with early-stage) cancer, the albumin and HDL levels were significantly
lower and the CRP level higher (p < 0.05, Tables 2 and 3). These levels were not affected by the
histopathological cancer type (p > 0.05, Tables 2 and 3). The NLR and CRP levels were significantly
higher. The albumin and HDL levels were lower in metastatic patients (p < 0.05, Table 3).

ROC curve analysis was performed for the PLR and NLR values in detecting lung cancer patients.
The best PLR cut-off value was defined as 112.5. For this cut off value, the sensitivity was 84% and the
specificity was 90% (Table 4, Figure 3A). The best NLR cut-off value was defined as 1.5. For this cut off
value, the sensitivity was 86% and the specificity was 92% (Table 4, Figure 3B).
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Table 4. The sensitivity and specificity of NLR and PLR in detecting lung cancer.

Ratio Sensitivity (%) Specificity (%)

NLR
1.5 * 86 * 92 *

2 69 98
2.5 50 100

PLR
106.5 85 82

112.5 * 84 * 90 *
120.5 78 92

* The best sensitivity and specificity values (cut-off point). NLR, neutrophile/lymphocyte ratio; PLR,
platelet/lymphocyte ratio.
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4. Discussion

It is not known whether cancer affects erythrocyte, leucocyte, or platelet levels. The increase
in leucocyte levels is partially attributable to the effects of cytokines [2]. Neutrophils, important
components of inflammation, are suggested to play a significant inflammatory role in tumorigenesis [8].
Neutrophils support angiogenesis by secreting proangiogenic factors or proteolytic activation of such
factors. Also, neutrophils ensure the collection of epidermal growth factor (EGF), transforming
growth factor-β1 (TGF-β1), platelet-derived growth factors (PDGF), and other growth factors when
contributing to tumorigenesis [9]. Neutrophils contain both pro- and anti-tumor subpopulations [10].
An increase in the neutrophil number was associated with a better prognosis in some studies and a
poorer prognosis in others [11].

Chronic inflammation has been reported in patients with malignant tumors of epithelial origin
(e.g., stomach, liver, colon, lung, pancreas, esophagus, bladder, and gallbladder cancers) [12]. Although
the underlying mechanism remains unclear, active monocytes and neoplastic tissue have been
suggested to trigger toxic granular inflammation mediated by neutrophils [13]. An increased neutrophil
count was a strong independent prognostic factor for poor survival and relapse in patients with
head-and-neck and kidney tumors [4,14]. However, an increased neutrophil count is not generally
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recognized to be associated with a poor cancer prognosis. Some studies found that high neutrophil
counts were associated with good prognoses of gastric and low-grade prostate cancers [15]. In the
present study, neutrophil counts were significantly higher in lung cancer patients than in healthy
controls, and in late-stage lung cancer patients than in early-stage patients.

Thrombocytes play significant roles in the growth, progression, and metastasis of cancer [16].
Hypercoagulability is a sign of aggressive disease, and thromboembolism is one of the principal causes
of cancer mortality [17]. Thrombocytosis is common in lung cancer patients and is considered a reactive
response to the carcinoma. This is also true of hemorrhage, hemolysis, infection, and inflammatory
disease [18]. Although some studies found no relationship between the thrombocyte count and
histopathological cancer type, associations were evident in other studies [19,20]. In our present study,
the thrombocyte count was significantly higher in lung cancer patients (especially in late stage patients)
than in controls but this was not associated with histopathological cancer type. The MPV has been
evaluated in patients with different diseases of the vascular system (e.g., acute coronary syndrome,
peripheral artery disease, deep vein thrombosis, and pulmonary thromboembolism) and many cancers.
The MPV reflects platelet production in the bone marrow. If the MPV is high, platelet production
is elevated; when it is low, platelet production is decreased. A high thrombocyte count combined
with a low MPV indicates the presence of an infection, inflammation, or a malignancy [21,22]. Some
studies found that the MPV, PCT, and PDW were higher or lower in patients with lung cancer than
in healthy controls, but other works reported non-differing values [23–25]. In our study, the PCT
was higher and the MPV lower in lung cancer cases than in controls, while the PDW did not differ
significantly. Furthermore, cancer stage and histopathological type were not associated with the levels
of any parameter assessed.

In recent years, the NLR (reflecting high neutrophil levels during acute inflammation and
secondary development of lymphopenia in response to acute physiological stress) has become
recognized as a valuable index of the systemic immune response associated with inflammation
and malignancy. An elevated NLR predicts a poor prognosis in cancer patients [3,26,27]. The PLR
is another index of inflammation and the immune response associated with malignancy; both the
NLR and PLR were elevated in lung cancer patients (as we also found) [5,28,29] but did not differ by
cancer stage or histopathological type [29]. We found that the NLR and PLR were higher in those with
late-stage cancer compared to those with early-stage cancer but this did not differ significantly based
on histopathological type.

Although hyperlipidemia is a negative prognostic factor in patients with stomach and prostate
cancers, very few studies have explored the significance of this feature in lung cancer patients [30,31].
In one trial, the HDL, LDL, and TC levels were lower and the triglyceride levels higher in lung
cancer patients compared with healthy controls; only the HDL level was prognostically significant [6].
A low HDL level was associated with elevations in proinflammatory cytokine production and chronic
inflammation, while higher HDL levels mitigated both of these features. Thus, a reduction in the HDL
level was associated with increased production of inflammatory markers including CRP [6]. We found
that the HDL levels were low in cancer patients and the triglyceride and CRP levels high.

5. Conclusions

The platelet, PCT, and especially the NLR, and PLR datas, assisted lung cancer diagnosis and the
detection of advanced-stage disease and poor prognosis. Furthermore, the albumin, HDL, and CRP
levels differed significantly in advanced stage lung cancer patients. These inflammatory and biological
markers have been thought to be particularly useful in following the severity of lung cancer.
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24. Karagöz, B.; Alacacıoğlu, A.; Bilgi, O.; Demirci, H.; Özgün, A.; Erikçi, A.A.; Sayan, Ö.; Yılmaz, B.;
Kandemir, E.G. Platelet count and platelet distribution width increase in lung cancer patients. Anatol. J.
Clin. Investig. 2009, 3, 32–34.

25. Mutlu, H.; Artis, T.A.; Erden, A.; Akca, Z. Alteration in mean platelet volume and platicrit values in patients
with cancer that developed thrombosis. Clin. Appl. Thromb. Hemost. 2012, 19, 331–333. [CrossRef] [PubMed]

26. Sarraf, K.M.; Belcher, E.; Raevsky, E.; Nicholson, A.G.; Goldstraw, P.; Lim, E. Neutrophil/lymphocyte
ratio and its association with survival after complete resection in non-small cell lung cancer. J. Thorac.
Cardiovasc. Surg. 2009, 137, 425–428. [CrossRef] [PubMed]

27. Ohno, Y.; Nakashima, J.; Ohori, M.; Hatano, T.; Tachibana, M. Pretreatment neutrophil-to-lymphocyte ratio
as an independent predictor of recurrence in patients with nonmetastatic renal cell carcinoma. J. Urol. 2010,
184, 873–878. [CrossRef] [PubMed]

28. Holmes, C.E.; Levis, J.E.; Ornstein, D.L. Activated platelets enhance ovarian cancer cell invasion in a cellular
model of metastasis. Clin. Exp. Metastasis 2009, 26, 653–661. [CrossRef] [PubMed]

29. Kemal, Y.; Yucel, I.; Ekiz, K.; Demirag, G.; Yilmaz, B.; Teker, F.; Ozdemir, M. Elevated serum neutrophil to
lymphocyte and platelet to lymphocyte ratios could be useful in lung cancer diagnosis. Asian Pac. J. Cancer
Prev. 2014, 15, 2651–2654. [CrossRef] [PubMed]

30. Kotani, K.; Sekine, Y.; Ishikawa, S.; Ikpot, I.Z.; Suzuki, K.; Remaley, A.T. High-density lipoprotein and
prostate cancer: An overview. J. Epidemiol. 2013, 23, 313–319. [CrossRef] [PubMed]

31. Guo, E.; Chen, L.; Xie, Q.; Chen, J.; Tang, Z.; Wu, Y. Serum HDL-C as a potential biomarker for nodal stages
in gastric cancer. Ann. Surg. Oncol. 2007, 14, 2528–2534. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1183/09031936.96.09091826
http://www.ncbi.nlm.nih.gov/pubmed/8880098
http://dx.doi.org/10.3109/00365513.2010.547596
http://www.ncbi.nlm.nih.gov/pubmed/21208032
http://dx.doi.org/10.1160/TH08-05-0336
http://www.ncbi.nlm.nih.gov/pubmed/18612526
http://dx.doi.org/10.3892/mco.2014.436
http://www.ncbi.nlm.nih.gov/pubmed/25469294
http://dx.doi.org/10.1177/1076029611433644
http://www.ncbi.nlm.nih.gov/pubmed/22345488
http://dx.doi.org/10.1016/j.jtcvs.2008.05.046
http://www.ncbi.nlm.nih.gov/pubmed/19185164
http://dx.doi.org/10.1016/j.juro.2010.05.028
http://www.ncbi.nlm.nih.gov/pubmed/20643463
http://dx.doi.org/10.1007/s10585-009-9264-9
http://www.ncbi.nlm.nih.gov/pubmed/19444623
http://dx.doi.org/10.7314/APJCP.2014.15.6.2651
http://www.ncbi.nlm.nih.gov/pubmed/24761879
http://dx.doi.org/10.2188/jea.JE20130006
http://www.ncbi.nlm.nih.gov/pubmed/23985823
http://dx.doi.org/10.1245/s10434-007-9401-0
http://www.ncbi.nlm.nih.gov/pubmed/17597347
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Measurements 
	Lung Cancer Staging 
	Histopathological Types of Lung Cancer 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

