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1. INTRODUCTION 

Lung cancer is the predominant form of malignancy worldwide accounting for approximately 13% of all cancerians. 

Furthermore, lung cancer accounts for one-third of all cancer-related deaths, particularly in men [1]. In recent years, the 

frequency of instances of lung cancer in Iraq has steadily increased [2]. The Iraq Cancer Board (ICB) reported that 

bronchial and lung cancer were the second most prevalent cancers in Iraq in 2018 [3]. Inflammatory responses have a 

major role in the initiation and development of tumors as well as the prognostic value of inflammatory markers [4]. 

Several parameters are used to quantify inflammation, such as Haemoglobin, Platelet-Lymphocyte Ratio (PLR), and 

Neutrophil-to-Lymphocyte Ratio (NLR) [2]. Haptoglobin is an acute-phase plasma glycoprotein. It is mainly made in the 

liver and also by other tissues, such as the spleen, lung, kidney, adipose tissue, and skin [5].  

The primary biological role of haptoglobin is to bind to free haemoglobin (Hb), which helps prevent the loss of iron 

and the resulting kidney damage after intravascular hemolysis [6]. Following more than 60 years of study, HP is known 
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to be a multifunctional protein that regulates many different processes, including angiogenesis, immunological responses, 

reverse cholesterol transport and prostaglandin synthesis [7]. Elevated levels of haptoglobin have been demonstrated in 

lung cancer, bladder cancer, leukaemia, and breast cancer [6]. Numerous studies involving lung cancer patients have 

revealed an elevated haptoglobin level among those affected patients [8, 9]. This aimed that haptoglobin is closely related 

to lung cancers and can be a serum biomarker to diagnose of lung cancers. Furthermore, studies have demonstrated a 

correlation between elevated haptoglobin levels in the blood and advanced TNM stages as well as distant metastasis in 

non-small cell lung cancer (NSCLC) [9].  

The complete blood count (CBC), on the other hand, is a blood test that a doctor orders that gives details on the many 

types of human blood cells, such as thrombocytes, leukocytes, erythrocytes, PLR, and NLR [10]. As a matter of fact, the 

CBC values are a standard examination that have been found to be predictive in individuals with lung cancer [2]. 

Consequently, studying the evolving CBC indices during the course of cancer progression may yield important insights 

into the expected effectiveness of treatments, assisting medical professionals in developing novel treatment strategies 

[11]. This study aims to evaluate the level of haptoglobin, NLR, and PLR parameters in advanced lung cancer patients, 

investigate the prognostic value of these parameters, and explore the possibility of using them as helpful factors in the 

first diagnosis of lung cancer from healthy individuals. 

 

2. MATERIALS AND METHODS 

  
The current research was conducted at Anbar Cancer Center in the province of Anbar between 1/12/2022 and 30/12/2023. 

This study included 62 lung cancer patients at an advanced stage (stage III and IV) (35 male and 27 female) with an age 

mean (65.25) years, and 62 healthy participants (34 male and 28 female) with an age mean of 64.27 years. The oncologist 

diagnoses and examined all of lung cancer patients. All participants were questioned about their age, smoking state, and 

cancer history. The informed consent was taken from all participants. The research protocol has received approval from 

the research Ethics Committee of college of Medicine in University of Anbar (Certificate No: 123 on November 23, 

2023). Tumor staging was based on the 8th edition of the staging criteria issued by the International Association for Lung 

Cancer Study [12]. 

Inclusion criteria were patients with advanced-stage lung cancer, those without other cancer types, those without 

treatment for cancer or receiving treatment for at least 2 months, and those without acute infection at sampling time. 

2.1 Sample collection and blood analysis: 

 
About 5 ml of blood samples were collected from patients and control and 2 ml were put into an EDTA tube to estimate 

CBC parameters, and 3 ml were placed in the plain tube and left to clot for 30 min at 25 oc then were centrifuged at 4000 

rpm for 10 min, the separated sera stored at (-20oC) until assayed for the evaluation of haptoglobin by ELISA technology 

according to manufacturer instructions. Kits were supplied by ELK biotechnology company/ China (Catalog Number. 

ELK1054). The hematological markers that were estimated in this research by a haematolgy analyzer (UrIit-3000plus) 

involved Hb value, RBCs count, HCT level, WBCs count, lymphocyte (%), neutrophil (%), and platelet count. PLR is 

determined by dividing the platelet counts to lymphocyte counts. While NLR is determined by dividing the total number 

of neutrophils by the total number of lymphocytes [13]. 

 

2.2 Statistical analysis: 
 

The SAS (2018) software was utilized to analyze the impact of different variables on the research parameters. Statistical 

means were compared using the T-test and the least significant difference (LSD) test. A chi-square test (0.05 and 0.01 

likelihood) was used to assess the different types of lung cancer, sex, smoking, and lung cancer stages statistically [14]. 

 

3. RESULTS  

 

3.1 Baseline patient and control characteristics 
 

The basic clinical characteristics of the patients and control are shown in Table 1. There are no significant differences 

between patients and control according to age and BMI value, the mean age was (65.25 ±0.82) years in the lung cancer 

group and (64.27 ±2.30) years in control. While, the mean BMI was (26.60 ±0.43) in lung cancer and (24.82 ±1.48) in 

control. The male percent (56.5%) is more than the female percent (43.5%) in the patient group, also in the control male 

percent (54.8%) was more than the female percent (45.2%). 
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Smoking histories were noted in 77.4% in patients and 37% in control. There are active smokers with percent 64.58% in 

lung cancer and 56.00% in control. 

Table 1. shows Baseline patients and control characteristics. 

Characteristics 
Patients 

NO. (62) 

Control 

NO. (62) 
T-test P-value 

Age 

Mean ± SE 
65.25 ±0.82 64.27 ±2.30 3.236 0.053 

BMI 

Mean ± SE 
26.60 ±0.43 24.82 ±1.48 1.244 ** 0.0088 

Sex (M/F) 

No (%) 

35/ 27 

(56.5%) / (43.5%) 

34/ 28 

(54.8%)/(45.2%) 
- 0.051/ 0.063 

Smoking (smoker/no smoker) 

No (%) 

48/14 

(77.4%)/(22.58%) 

23/39 

(37%)/(63%) 
- 

0.0001 **/ 

0.0093 ** 

Sub-type of 

Smokers 

Previous 
17 

(35.40%) 

11 

(44.00%) 
 0.026 * 

Active 
31 

(64.58%) 

14 

(56.00%) 
 0.031* 

P-value 0.0062 ** 0.033 *   

* (P≤0.05), ** (P≤0.01). 

NO: Number, SE: Stander error, M= male, F=female, BMI=body mass index. 

 

3.2 Lung cancer type and stage in patients group  
 

Diagnoses of lung cancer included: 11 (17.74%) patients with advanced small cell lung cancer and 51 (82.25%) with 

advanced non-small cell lung cancer. These patients distributed according to lung cancer stages, a higher percentage of 

patients (56.45%) in stage IV compared to stage III (43.54%), as indicated in the Table 2. 

Table 2. Patients’ distribution according to lung cancer types and stages. 

Characteristics 
Patients 

NO. (62) 
P-value 

Lung cancer type 
SCLC (No / %) 11 / (17.74%) 

0.0013 ** 
NSCLC (No / %) 51 / (82.25%) 

Stages of lung cancer 

No (%) 

III 27/ (43.54%) 
0.014 * 

IV 35/ (56.45%) 

* (P≤0.05), ** (P≤0.01). 

NO: Number, NSCLC=non-small cell lung cancer, SCLC=small cell lung cancer. 

3.3 Determination of Complete Blood Count (CBC) 
  

Table 3 indicates the level of Hb, PCV, WBC, RBC and PLT in lung cancer patients and control. There was a significant 

decrease (P ≤0.05) in the level of Hb in NSCLC and SCLC (10.42 ±0.18 and 10.27 ±0.24) respectively, compared with 

control (12.79 ±0.09). Also, PCV showed a significant decrease in NSCLC and SCLC (35.35 ±0.56 and 34.53 ±0.89) 

respectively, compared with the control (43.42 ±0.41). WBC mean in the SCLC group was significantly increased (8.47 

±0.24) x109 compared with other groups. There was a significant decrease in the mean RBC in NSCLC and SCLC (4.21 

±0.19 and 3.88 ±1.05, respectively) x1012 compared with control (5.1 ±0.09) x1012. While PLT showed a significant 

increase in SCLC (266.1±15.03) x109 and NSCLC (253.26 ± 11.5) x109 compared control group (228.97 ± 8.99) x109. 

There was a significant increase of neutrophils in NSCLC and SCLC (5.1 ± 0.18 and 6.4 ± 4.23) x109 respectively, 

compared with control (3.6 ±3.45) x109. While lymphocytes were significantly decreased in NSCLC and SCLC (1.9 ± 

4.5 and 1.4 ± 3.61) x109 respectively, compared with control (3.21 ± 2.8) x109. 
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Table 3. Blood Hematological Parameters in Patients with Lung Cancer Compared to Control. 

Parameters 
NSCLC SCLC Control LSD 

value 
P-value 

Mean ± SE 

Hb (g/dl) 10.42 ±0.18 a 10.27 ±0.24 a 12.79 ±0.09 b 0.550 ** 0.0001 

PCV (%) 35.35 ±0.56 a 34.53 ±0.89 a 43.42 ±0.41 b 1.819 ** 0.0001 

WBC (x109) 7.33 ±0.24 a 8.47 ±0.39 b 5.66 ±0.27 c 0.856 ** 0.0016 

RBC (x1012) 4.21 ±0.19 a 3.88 ±1.05 b 5.1 ±0.09 c 1.425 * 0.030 

PLT (x109) 253.26 ±11.5 a 266.1±15.03 a 228.97 ±8.92 b 23.98 ** 0.0001 

Neutrophil (x109)/l 5.4 ± 5.2a 6.4 ± 4.23a 3.6 ± 3.45b 0.679* 0.01 

Lymphocyte (x109)/l 1.9 ± 4.5a 1.4 ± 3.61a 3.21 ± 2.8b 0.431* 0.019 

This means having with the different letters in the same row differed significantly. 

** (P≤0.01). 

SE: Stander error, Hb: haemoglobin, PCV: packed cell volume, WBC: white blood cell, RBC: Red blood cell, PLT: 

platelet, SCLC: small cell lung cancer, NSCLC: non-small cell lung cancer. 

3.4 Determination of prognostic indicators 
 

There was a significant increase in the mean of haptoglobin in SCLC and NSCLC groups (3.43 ±0.16 and 3.64 ±0.09) 

respectively, compared with the control group (1.92 ±0.08). NLR mean was a significant increase in NSCLC and SCLC 

(2.47±0.88 and 3.68±1.3) respectively, compared with control (1.14 ± 0.87). Also, PLR was a significant increase in 

SCLC (221 ±23.21), followed by NSCLC (210.26±12.6) compared with control (68.7±13.38), as shown in Table 4. 

Table 4. prognostic parameters of lung cancer patients and control groups 

Parameters 

NSCLC SCLC Control 

LSD value P-value Mean ± SE 

 
Haptoglobin (ng/ml) 3.64 ±0.09 a 3.43 ±0.16 a 1.92 ±0.08 b 0.314 ** 0.0001 

NLR 2.47 ± 0.88a 3.68 ± 1.3a 1.14 ± 0.87b 1.17** 0.001 

PLR 210.26 ± 12.6a 221 ± 23.21a 68.7 ± 13.38b 1.56** 0.001 

Means with different letters in the same row were significantly different. ** (P≤0.01). 

NLR, neutrophil /lymphocyte ratio; PLR, platelet/lymphocyte ratio, SCLC: small cell lung cancer, NSCLC: non-small 

cell lung cancer. 

3.5 Influence of Stage in prognostic indicators of patients with advanced Lung cancer: 
 

Table 5 shows the levels of haptoglobin, NLR, and PLR in stages of lung cancer. The mean of haptoglobin show 

significant increase at stage IV (4.32 ±0.12) compared to stage III. The mean of NLR and PLR were exhibited a significant 

increase at stage IV (4.21 ± 1.2 and 220 ± 21.14, respectively) compared with stage III. 

Table 5. Effect of Stages in prognostic indicators in patients. 

Parameters 
Mean ± SE 

LSD value P-value 
Stage III Stage IV 

Haptoglobin (ng/ml) 3.12 ±0.15 b 4.32 ±0.12 a 0.471 ** 0.0001 

NLR 2.84 ± 0.68a 4.21 ± 1.2a 1.34** 0.0001 

PLR 205.16 ± 12.6a 220 ± 21.14b 1.45** 0.0001 

Means with different letters in the same row were significantly different.  ** (P≤0.01). 

SE: Stander error, NLR, neutrophil /lymphocyte ratio; PLR, platelet/lymphocyte ratio. 
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3.6 Effect of chemotherapy period in prognostic indicators of patients 
 

Lung cancer patients are divided into three groups depending on receiving chemotherapy period. The mean of 

haptoglobin, NLR, and PLR show a significant increase in patients who received chemotherapy for 2 months (3.87 ±0.23, 

4.21 ± 1.2 and 225 ± 21.14, respectively) compared to patients who received chemotherapy for 1 month and patients not 

receiving therapy, as shown in Table 6. 

Table 6.  Effect of chemotherapy in prognostic indicators of lung cancer group. 

 

Group 

Mean ± SE 

Haptoglobin (ng/ml) NLR PLR 

No therapy (46) 2.72 ±0.22 c 2.84 ± 0.68a 190.26 ± 12.6a 

Receiving chemotherapy for 1 

month (10) 
3.10 ±0.11 b 3.14 ±0.23 b 215.5 ±0.87b 

Receiving chemotherapy for 2 

months (6) 
3.87 ±0.23 a 4.21 ± 1.2 c 225 ± 21.14c 

LSD value 0.471 ** 0.557 ** 1835**  

P-value 0.0001 0.0004 0.0001 

Means with different letters in the same column were significantly different.  ** (P≤0.01). 

SE: Stander error, LSD: Least significant difference, NLR, neutrophil /lymphocyte ratio; PLR, platelet/lymphocyte 

ratio. 
 

3.7 Correlation coefficient between parameters in study groups 

As shown in the Table 7 there were significant and negative correlations between Hb with haptoglobin (r= -0.32, p=-

0.0076; figure 1 A) in lung cancer patients. While, haptoglobin with NLR (0.41, p=0.0001; figure2 A),and  haptoglobin 

with PLR (052, p=0.0001; figure 3 A) show significant and positive correlations in lung cancer groups. All of the 

parameter correlations in the control group were not significant. 

Table 7.  Correlation coefficient among studies parameters in healthy group and patients 

Parameters 

Lung cancer patients Healthy group 

Correlation 

coefficient-r 
P-value 

Correlation 

coefficient-r 
P-value 

Hb and Haptoglobin 
-0.32 ** 0.0076 0.26 NS 0.124 

NLR and Haptoglobin 
0.41 ** 0.0001 0.35 NS 0.061 

PLR and Haptoglobin 
0.52 ** 0.0001 0.30 NS 0.081 

NS: Non-Significant, * (P≤0.05), ** (P≤0.01),  

NLR, neutrophil /lymphocyte ratio; PLR, platelet/lymphocyte ratio. 
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Figure 1(B). Relationship between Hb and 

Haptoglobin in control. 

Figure 1(A). Relationship between Hb and 

Haptoglobin in Lung cancer patients.  
 

   

Figure 2 (B). Relationship between NLR and 

Haptoglobin in control. 

Figure 2(A). Relationship between NLR and 

Haptoglobin in Lung cancer patients. 
 

  

Figure 3(B). Relationship between PLR and 

Haptoglobin in control 

Figure 3(A). Relationship between PLR and 

Haptoglobin in Lung cancer patients. 

 

4. DISCUSSION 
Anaemia is described as a state where there's a reduction in red blood cells (RBC), leading to lower levels of PCV and 

Hb. Anaemia is very common in cancer patients because inhibition of erythropoietin synthesis and bone marrow 

infiltration, which is caused by poor metabolism, cancer at advanced stages, and chronic inflammation [2, 13]. 
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Researchers have recently focused on the impact of anaemia on cancer patients' prognosis and quality of life. The 

body produces more hypoxic cells when haemoglobin (Hb) concentration decreases, and hypoxic environments reduce 

tumor cells' susceptibility to chemotherapy and radiation [15]. Tumor growth and resistance to chemotherapy can result 

from the hypoxia-induced production of invasive tumor cells [13]. However, many cancer patients already suffer from 

anaemia before starting treatment [16]. This type of anaemia is primarily caused by a compromised marrow response to 

erythropoietin and a relative inadequacy of erythropoietin production, particularly in lung cancer patients [2]. 

our results show that the Hb, PCV, RBC and Lymphocyte levels were decreased in lung patients. Likewise, results 

by Jasim & Hadi, [2] and Wu et al. [13] indicated that Hb, PCV, and RBC levels were a significant decrease in lung 

cancer patients. our results agree with Rojko et al. [11] who found significantly decreasing lymphocyte count, and 

significantly increasing neutrophil count levels in all lung cancer patient subgroups, irrespective of histopathological type 

and metastatic site.  Liu et al. [17] discovered that non-small cell lung cancer (NSCLC) patients with reduced 

haemoglobin levels experienced a poorer prognosis. 

Neutrophils are essential for the growth and progression of tumors, as well as for the invasive nature of cancer cells 

[18]. Meanwhile, lymphocytes contribute to immune regulation, identifying and eliminating residual malignant cells and 

micro-metastases. They serve as reliable defenders against cancer, with high lymphocyte counts being a favourable factor 

for survival in various human cancers [19]. Our results align with previous studies [11, 17, 20], which found that lung 

cancer patients had much higher levels of neutrophils and total white blood cells than healthy individuals did, but 

significantly lower levels of lymphocytes. 

In recent decades, there hasn't been a significant improvement in the overall survival time for lung cancer. One key 

factor is the lack of reliable biomarkers [21]. Although haptoglobin has been noted for its anti-inflammatory and tumor 

angiogenesis properties, its potential as a tumor biomarker hasn't been widely acknowledged [8, 21]. Our study revealed 

that serum haptoglobin levels were notably higher in both SCLC and NSCLC patients compared to healthy individuals. 

Our findings concur with those of Lu et al. [22] and Hoagland et al. [23], who also noted elevated serum haptoglobin 

levels in NSCLC patients compared to healthy controls, particularly in association with the NSCLC stage. 

These findings are consistent with those of Wang et al. [8], who found that patients with lung cancer had significantly 

greater haptoglobin levels than both benign lung disease and normal control subjects (p<0.01). Another study showed a 

correlation between high haptoglobin levels and poor overall survival, suggesting that it could serve as an independent 

prognostic factor for non-small cell lung cancer [22].  

Our findings strongly indicate that serum haptoglobin, easily assessed using commercially available kits in standard 

clinical biochemistry laboratories, and could be a valuable biomarker for diagnosing and prognosing lung cancer. This 

suggests that developing new biomarkers for diagnosing and prognosing lung cancer could help improve clinical care 

lung cancer detection and prognosis assessment might help physicians treat patients more clinically. Patients with higher 

serum haptoglobin levels tended to have worse prognoses, indicating that serum haptoglobin could serve as a useful 

clinical serological biomarker for diagnosing, monitoring progression, and evaluating prognosis in lung cancer [21, 22]  . 

Furthermore, combining haptoglobin with NLR and PLR can improve diagnostic ability and might be used as a 

potential therapeutic target for the treatment of lung cancer. NLR and PLR values were determined using routine CBC 

[13], which shows a systematic inflammatory response [16]. These results showed that NLR and PLR were greater in 

lung cancer patients than in healthy individuals, supporting the idea that NLR and PLR play a part in the lung cancer 

progression. A previous studies concluded that, individually, the neutrophil-to-lymphocyte ratio demonstrates higher 

sensitivity and negative predictive value, while the platelet-to-lymphocyte ratio shows a better specificity and positive 

predictive value in distinguishing metastatic disease and node positivity [24]. The combination of NLR and PLR yields 

the highest accuracy in predicting advanced disease across all malignancies [25]. Elevated NLR indicates an imbalance 

in inflammatory pathways, characterized by an increase in neutrophil count or a decrease in lymphocyte count. This 

explains why cases with elevated NLR had higher rates of recurrence and metastasis as well as shorter survival periods 

[26]. Similarly, high PLR reflects either an increase in platelet count or a decrease in lymphocyte count, and may reflect 

a balance between tumor development and tumor suppression [27].  

This is the first study to correlate NLR and PLR to the lung cancer stage. The NLR and PLR values were found to 

be higher at an advanced stage compared to the initial stage in this study. This finding consistent with the hypothesis that 

platelets have a significant impact on the progression of tumors [1]. Before starting treatment, patients with lung cancer 

can obtain crucial prognostic data from their PLR and NLR measures [2].   

 

5. CONCLUSION  

 
 This study indicates that the mean haptoglobin, NLR, and PLR were significantly increased in patients with lung cancer 

in contrast with controls and also showed a positive association with the severity of the disease, where they increased in 

patients at stage IV and receiving chemotherapy for 2 months. This makes them possible markers for prognostic advanced 

lung cancer and predictive responses to chemotherapy in lung cancer patients. These results show that combination 

detection of Hp, NLR, or PLR is helpful to the diagnosis of lung cancer; this combination detection has greatly increased 

compared with Hp, NLR, or PLR single detection.  
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