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A complete blood count (CBC) is a standard investigation required 

from all gastric cancer patients before treatment and during treatment. 

Poor CBC parameters may negatively affect cancer outcomes. This 

present study investigated the use of Complete Blood Count (CBC) and 

Erythrocyte Sedimentation Rate (ESR) as an assessment of 

inflammation in these subjects. The study comprised of 54 male and 

female subjects and 54 controls with ages between 21-70 years. A 

longitudinal study method was used. The samples were collected from 

apparently healthy individuals as control, pre-treatment and the 

treatment samples at different stages.  Questionnaire used obtained 

other demographic information. The data was analyzed with IBM SPSS 

PC. Version 20.0; SPSS Inc., Chicago, III., USA. Results showed 

decreased Lymphocyte/Monocyte ratio(LMR) were significantly 

increased hazard ratio (HR) and decreased OS at p<0.05.While 

increased Neutrophil/Lymphocyte ratio(NLR) and Platelet/Monocyte 

ratio(PLR) had no significant difference at P>0.05. In CBC and ESR, 

control, pre-treatment and treatment period, RBC parameters and 

TWBC parameters showed a significant decrease  at p<0.05 in 

treatment results compared to the pre-treatment and control results 

while others showed no significant increase at p<0.05 in treatment 

results compared to pre-treatment results. Treatment RDW and MPV 

observed a significant increase (p<0.05) compared to the control and 

pre-treatment results.  Age group 21-30 years showed more 

susceptibility than other age groups with lowest mean±SD in CBC and 

ESR but with no significant difference at p>0.05.This present study  
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supports the concept that biomarkers such as CBC and ESR can be 

used as a prognostic tool in early detection, treatment and monitoring 

the disease progression in these subjects. 

 
Copyright, IJAR, 2025,. All rights reserved. 
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Introduction:- 
Hematopoietic stem cells (HSCs) maintain lifelong hematopoiesis via their ability to self-renew and differentiate 

into all blood cell lineages in humans [1]. HSCs are an extremely rare population of cells that usually reside in the 

highly organized bone marrow architecture (also called niche) [2]. Any perturbation of the bone marrow niche 

affects the hematopoiesis process [3]. Under physiological conditions, a small number (1%–5%) of hematopoietic 

stem and progenitor cells (HSPCs) regularly enter circulation and travel through peripheral blood [4]. HSPCs sense 

stress signals and are capable of converting environmental cues into versatile cytokine signals to regulate 

hematopoiesis [5]. Multiple factors, including growth factors, chemokines, and adhesion molecules, can influence 

HSPC circulation and activity. Extensive attention has been paid to the emergence and evolution of tumors, yet how 

the growth of malignant clones affect normal hematopoiesis is poorly understood. However, circulating HSPCs are 

highly enriched in tumor tissues and correlate with tumor progression [6]. Furthermore, tumor progression is 

manifested by alterations in intra- and extramedullary hematopoiesis (EMH), which supports a systemic tumor-

promoting myeloid response [7]. Therefore, understanding the process by which tumors interrupt normal 

hematopoiesis is an important question that is highly relevant to tumor progression. A reviewed work was done on 

normal hematopoiesis in the context of hematopoietic malignancies. In this review, it outlined the impact of 

solid tumors on hematopoiesis and summarizes their underlying mechanism. In clinical observations, the 

progression of different types of solid tumors has resulted in an increased peripheral neutrophil-to-lymphocyte ratio 

[8], [9] and circulating granulocyte–macrophage progenitors (GMPs) [10].  HSPCs, which are upstream of these 

cells, have been increasingly recognized as playing key roles in tumor growth and metastasis progression. It has 

been well-established that elevated levels of HSPCs correlate with higher tumor stage and decreased progression-

free survival [11]. Tumors usually accumulate immune-suppressive hematopoietic lineages at primary sites. HSPC 

production and circulation are elevated in cancer patients before detectable metastases [10].  The number of 

circulating HSPCs decreases if tumor-mediated mobilization is inhibited, whereas the pharmacological mobilization 

of HSPCs increases metastasis [11]. 

 

The relationship between cancer and the immune system has been increasingly recognized over the past three 

decades. While immune-surveillance is a strong line of defense by which transformed cells are cleared by cells like 

lymphocytes and natural killer cells, chronic inflammation is an established risk factor for developing several types 

of solid cancers [12]. In addition, the tumor microenvironment is infiltrated by a heterogeneous population of 

immune cells, each playing a different role in the cross-talk between cancer cells and the host, either favoring or 

suppressing tumor progression. For example, a subset of myeloid cells which is expanded in cancer patients are 

myeloid-derived suppressor cells (MDSCs). These are immature myeloid cells of granulocytic or monocytic 

lineages are elevated in cancer. MDSCs are capable of suppressing anti-tumor T cell activity and promoting tumor 

angiogenesis [13]. In fact, higher numbers of circulating MDSCs is a poor prognostic indicator in gastric cancers 

[14]. On the other hand, higher lymphocyte infiltration in the tumor (tumor-infiltrating lymphocytes, TILs) is a good 

prognostic indicator in this cancer [15]. In turn, cancer cells modify the behavior of neutrophils by inducing the 

release of cytokines and metalloproteinases, increasing their chemotactic potential and inhibiting apoptosis, which 

perpetuates cancer-associated inflammation [16]. This suggests that different subsets of the inflammatory arsenal 

play opposing roles in shaping cancer behavior [16]. It is clear that components of the CBC can provide important 

prognostic information in solid tumors and haematologic malignancies that are not only limited to survival 

predictions or assessment of disease progression, but also are important tools when evaluating response to treatment. 

Thus, true assessment of the utility of the CBC as an inexpensive, established, and globally accessible prognostic 

factor in many malignancies requires careful studies of the sample results obtained. It is likely that other prospective 

studies examining the biology behind the prognostic value of the different components of the CBC would later yield 

significant therapeutic progress and a thorough understanding of disease pathogenesis. 

 

Aim:- 

The aim of this study is to use peripheral blood cells as an inflammation biomarker in gastric cancer in patients 

attending Surgery Department at ESUT Teaching Hospital, Parklane Enugu. 
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Specific Objective 

1. To calculate the neutrophil to lymphocyte ratio (NLR), lymphocyte to monocyte ratio (LMR) and platelet to 

lymphocyte ratio (PLR) in the subjects and access their use as prognostic biomarkers. 

2. To determine the complete blood count and erythrocyte sedimentation rate of the subjects at their pre-treatment 

and treatment period. 

3. To determine age group susceptibility in this solid cancer for proper treatment and management in these 

patients. 

 

Justification Of The Study 

Though biomarkers are organ specific, most are not cost effective and takes days for result to be available. 

Interestingly, recent studies shows that NLR, LMR, PLR has predictive value in accessing inflammation in systemic 

disorders. These indices can be obtained from simple complete blood counts. The relevance of this study lies in 

exploring the possible use of these simple, costs effective and less laborious indices in the diagnosis and treatment of 

cancer cases especially in resource poor settings.    

 

Scope Of The Study 

The economic and psychological challenges posed by cancer is profoundly overwhelming in our society nowadays, 

so this work focused on the use of complete blood cells for the assessment of inflammation in some solid cancers 

studied in this work. The assessment of inflammation involved the use of these ratios: NLR, LMR and PLR simple 

and cost effective biomarkers for the prediction of hazard ratios and overall survival in these patients. The CBC 

result obtained using autohaemoanalyzer monitored the efficacy of the chemotherapeutic plans and treatment during 

the different stages of these solid cancers. This work obtained the specific age group susceptibility of these patients 

in some solid cancer while in some specific age group susceptibility was not ascertained. This specific age group 

susceptibility creates better awareness, treatment and management for the patients, their families and society at 

large.  

 

Statement Of Problems 

The encumbrances in the early detection, diagnosis and treatment of cancer has led to early deaths, so employing 

simple, cost effective, fast and non-invasive method will timely eradicate the delays in treatment hence ensuring 

chances of long time survival. Also determining the specific age group that is more susceptible will increase 

awareness and promote screening of the age group. 

 

Limitation Of Study 

Some of the subjects died during the course of this work.  Follow-up proved difficult due to subjects‟ unavailability 

for their scheduled chemotherapy due to economic constraints. 

 

Literature Review:- 
Gastric Cancer 

Gastric cancer also known as Stomach cancer is a cancer that develops from the lining of the stomach [17]. Early 

indications may incorporate acid reflux, upper stomach torment, queasiness and misfortune of craving. Afterward 

signs and indications may incorporate weight misfortune, yellowing of the skin and brightening of the eyes, 

spewing, trouble gulping and blood within the stool among others. The cancer may spread from the stomach to other 

parts of the body, especially the liver, lungs, bones, lining of the midriff and lymph hubs [18]. The foremost 

common cause is contamination by the bacterium Helicobacter pylori, which accounts for more than 60% of cases. 

Certain sorts of H. pylori have more prominent dangers than others [19]. Smoking, dietary components such as 

salted vegetables and weight are other chance variables. Around 10% of cases run in families, and between 1% and 

3% of cases are due to disorders acquired from a person's guardians such as genetic diffuse gastric cancer. Most 

cases of stomach cancers are gastric carcinomas. This sort can be separated into a number of subtypes. Lymphomas 

and mesenchymal tumors may moreover develop within the stomach. Most of the time, stomach cancer develops in 

stages over a long time. Conclusion is as a rule by biopsy done amid endoscopy. This is often taken after, by 

restorative imaging to decide in the event that the illness has spread to other parts of the body. Japan and South 

Korea, two nations that have increased rates of the illness, screen for stomach cancer [20]. A Mediterranean diet 

brings down the hazard of cancer as does the ceasing of smoking. There is tentative evidence that treating H. pylori 

diminishes future hazard.  On the off chance that cancer is treated early, numerous cases can be cured. Medications 

may incorporate a few combinations of surgery, chemotherapy, radiation treatment and targeted treatment. In the 

event that it is treated late, palliative care may be exhorted [21].  
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Outcomes are often poor with a less than 10% five-year survival rate globally [22]. This is largely because most 

people with the condition present with advanced disease [22]. In the United States, five-year survival is 28%, while 

in South Korea it is over 65%, partly due to screening efforts [22]. Globally, stomach cancer is the fifth leading type 

of cancer and the third leading cause of death from cancer, making up 7% of cases and 9% of deaths [23]. In 2012, it 

newly occurred in 950,000 people and caused 723,000 deaths. Before the 1930s, in much of the world, including 

most Western developed countries, it was the most common cause of death from cancer [24). Rates of death have 

been decreasing in many areas of the world since then. This is believed to be due to the eating of less salted and 

pickled foods as a result of the development of refrigeration as a method of keeping food fresh. Stomach cancer 

occurs most commonly in East Asia and Eastern Europe. It occurs twice as often in males as in females [25].  

 

Malignant  lesions  of  the  stomach  exhibit  a  wide  geographical  variation  in  prevalence.  While  the prevalence  

was  initially  high  in  the  developed  countries  such  as  the  United  Kingdom  and  the  United States  of  

America,  recent findings  have  indicated  a  significant drop  in  incidence  rates in these countries  which are 

attributed to better living conditions and dietary changes[26]. Conversely, in spite of poorer living conditions,  

malignant  lesions  of  the  stomach  have  always  enjoyed  a  comparatively  low  prevalence  in Africa .  With  the  

advent  of  modernization  and  adoption  of  Western-type  lifestyles  in  most  countries  in Africa, malignant 

diseases hitherto rare in the native African are on the increase [27]. A 16 years survey done   from 1989 to 2005 at 

IIe-Ife, on stomach cancer reported peak age of between 41-60 years with male to female ratio of 1.5:1. [28]. At 

Lagos and Shagamu from 1995 to 2006 reported male to female ratio of 1.8:1 with peak age of 60-70 years [29]. At 

Ibadan from 2004-2009, male to female ratio of 1.45:1 and peak age of 60-70 years [30]. At IIe-Ife, male to female 

ratio of 1.2:1 with peak age of 50-59 [31] .At Zaria from 1995 to 2009, male to female ratio was reported as 1.4:1 

and peak age of 51-60[32]. Recent study at Ibadan form 1990 to 2008, male to female ratio of 1.4:1 with peak age of 

61-70 years [27].  

 

Relative to older patients, young patients have a female preponderance, a more frequent occurrence of diffuse cancer 

and less intestinal metaplasia [33]. This predominance of females is considered by some to be due to hormonal 

factors [33]. Cancers in young patients are more often multifocal than in older patients [34]. Approximately 10% of 

young gastric cancer patients have a positive family history, some of which are accounted for by inherited gastric 

cancer predisposition syndromes [35]. Although the underlying genetic events are not always known [35]. 

 

Full Blood Count In Gastric Cancer 

Anemia caused by bone marrow infiltration, called leucoerythroblastic anemia, is well described in various solid 

malignancies and causes an impaired hematopoiesis, which is evident on the peripheral blood smear.  

 

Full blood count is a prerequisite examination asked from all cancer patients some time before surgery, utilize of 

chemotherapy and/or radiotherapy. Decreased parameters antagonistically impact the result of cancers. [36] 

Hematological parameters and markers of the systemic inflammation reaction have been connected with prognosis 

in a few strong cancers [37].Anemia is a common morbidity experienced in most strong cancer patients and, as a 

result, cancer patients endure from shortness of breath, weariness, and diminished vitality, among other side effects. 

Iron deficiency of cancer may too be apparent at introductory determination. Activation of the immune system 

appears to be the driving drive for a worldwide decrease of erythropoiesis, closely resembling to chronic 

inflammatory conditions observed in anemia of persistent illness [38]. It is hypothesized that the immune system 

may be mobilized to fortify generation of inflammatory cytokines that can obstruct erythropoiesis. Thus, there's 

deficiently separation and expansion of erythroid antecedents, driving to anaemia [39]. Anemia caused by bone 

marrow infiltration, called leucoerythroblastic anemia, is well depicted in different strong malignancies and causes 

an impeded hematopoiesis, which is clear on the peripheral blood smear.  

 

Other variables that will specifically influence the bone marrow incorporate past or concurrent treatments, such as 

nearby radiation to bone marrow, systemic utilization of radiopharmaceuticals (strontium-89), systemic 

chemotherapy, and long-term use of combined androgen blockade. [40]. Inflammatory cytokines can also impair 

iron metabolism which can result in reduced serum iron levels and iron retention within the reticuloendothelial 

system. Tumors can also produce cytokines, which induce iron sequestration, thereby decreasing RBC production. 

Shortened RBC survival may also result from over expression of inflammatory cytokines [39].  Furthermore, 

chronic blood loss at tumor sites can exacerbate anemia from cancer [41]. Anaemia can result from bone marrow 

invasion by solid tumors. Myelophthisis, resulting from bone marrow replacement by solid tumors or haematologic 

malignancies, may manifest as anaemia or pancytopenia. While anaemia in patients with cancer is often produced by 

https://en.wikipedia.org/wiki/Five-year_survival_rate
https://en.wikipedia.org/wiki/Western_world
https://en.wikipedia.org/wiki/Refrigeration
https://en.wikipedia.org/wiki/East_Asia
https://en.wikipedia.org/wiki/Eastern_Europe
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the cancer itself; the addition of chemotherapy significantly increases the proportion of patients with anaemia. 

[42]. The myelosuppressive effects of cytotoxic chemotherapy agents on erythropoiesis are generally cumulative in 

nature and up to 50% of patients with cancer may develop chemotherapy-induced anaemia over the course of 

chemotherapy [43]. A steady increase in the rate of anaemia occurs with additional cycles of chemotherapy as 

evidenced by data from the European Cancer Anaemia Survey (ECAS). This study showed that the rate of anemia 

(haemoglobin [Hb] <12 g/dL) increased from 19.5% in cycle 1 to 46.7% by cycle 5. The percentage of patients with 

more severe anaemia (grades 2 and 3) also increased with greater numbers of chemotherapy cycles 44. Patients can 

also become anaemic within the first 2 cycles of chemotherapy as evidenced by data from a separate analysis of 

ECAS data in patients who were not anaemic (Hb >12 g/dL) prior to initiating chemotherapy. In this analysis, 62% 

of patients experienced an Hb decline by 1.5 g/dL within a median time of 6.1 to 7.2 weeks and 51% experienced an 

Hb decline by 2 g/dL within a median time of 7.3 to 8.9 weeks [45]. Depending on the chemotherapeutic agent or 

regimen, anemia may be mild in degree (grade 1 or 2) in about 10%–85% of patients. Moderate or severe anemia 

will develop in about 2%–55% of patients and require intervention [46]. Chemotherapy may cause anaemia in 

multiple ways. First, some chemotherapeutic agents will affect the production of new RBCs by damaging normal 

bone marrow precursor hematopoietic cells. When these cells are damaged, the ability of the bone marrow to 

produce new RBCs is impaired. Some drugs, such as platinum-containing agents, are nephrotoxic, and also affect 

the development of new RBCs by interfering with erythropoietin production by the kidneys [41]. 

 

Patients with cancer may develop anaemia secondary to poor nutrition in general or due to reduced function in the 

gastrointestinal (GI) tracts to absorb nutrients [39].Folate deficiency may develop in anorexic patients with cancer, 

while vitamin B12deficiency can arise in patients who have undergone gastric or small bowel resection or bypass or 

have atrophy of stomach parietal cells, which produce intrinsic factor necessary for vitamin B12 absorption [47]. Iron 

deficiency anaemia due to blood loss or the inability to absorb iron in the GI tract often occurs in patients with 

malignancies of the GI tract, including colorectal cancers. [43]. Nutrient deficiencies in folate, vitamin B12 or iron 

may lead to anaemia because all of these nutrients are essential to red blood cell (RBC) production and 

development. [48]. 

 

Therefore, the hemoglobin concentration in peripheral blood was also studied as a prognostic factor in malignant 

disorders [49]. The role of hemoglobin levels in clinical outcomes has been extensively examined in other solid 

cancers, such as cervical, ovarian, breast, prostate, renal, liver, and endometrial cancer. Researchers‟ studies 

established an association between hemoglobin levels and survival in solid carcinoma [50].  Similar results have 

been described for other solid malignancies, including cervical, prostate, esophageal, and lung cancer, reported that 

a low haemoglobin count is an indicator of poor prognosis [51]. Because of these studies done, close attention 

should be paid to anaemia before and during treatment, with the goal of maintaining adequate haemoglobin levels 

and, as a consequence, ideally improving cancer outcomes and quality of life.  

 

Red cell distribution width (RDW) is a measure of the range of variation of red blood cell (RBC) volume that is 

reported as part of a standard complete blood count. More often than not red blood cells are a standard measure of 

almost 6–8 μm in diameter.  Certain disorders, however, cause a significant variation in cell size. Higher RDW 

values indicate greater variation in size [52]. If anaemia is observed, RDW test results are often used together 

with mean corpuscular volume (MCV) results to determine the possible causes of the anaemia. It is mainly used to 

differentiate anaemia of mixed causes from anaemia of a single cause [53]. RDW reflects variability in the size of 

circulating red blood cells (anisocytosis) [53]. Its inclusion in the complete blood count has made diagnosing certain 

anaemias easier, especially those that are microcytic (caused by iron deficiency), and those due to vitamin B12 or 

folic acid deficiencies [54]. An increased RDW can also result from conditions that alter the shape of red blood cells 

due to the untimely release of juvenile cells into the circulatory system (extreme blood loss), abnormal heamoglobin 

(e.g., sickle cell anaemia), heamolysis or haemolytic anaemias [53]. Red cell distribution width (RDW) is an index 

of the heterogeneity in the size of circulating erythrocytes and may be used to quantitate the amount of anisocytosis 

on peripheral blood [55]. Accordingly, it reflects impaired erythropoiesis and abnormal red blood cell survival but it 

correlates also with inflammation, under nutrition and impaired renal function, with inadequate production of 

erythropoietin (EPO) [56].  

 

Quite recently, red cell distribution width (RDW), have also been shown to associate with survival of solid tumors 

[57]. Growing evidence indicated that high RDW is associated with systematic inflammation and elevated RDW 

harbored the potential to predict poor survival in a variety of solid cancers, consisting of breast cancer, lung cancer, 

prostate cancer, endometrial cancer, colon, esophageal cancer and upper tract urothelial carcinoma [58],[59]. A 

https://en.wikipedia.org/wiki/Red_blood_cell
https://en.wikipedia.org/wiki/Complete_blood_count
https://en.wikipedia.org/wiki/Anemia
https://en.wikipedia.org/wiki/Mean_corpuscular_volume
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report done by some researchers   evaluated RDW in gastric cancer patients and healthy individuals in a 

retrospective study and concluded that gastric cancer patients had significantly higher mean RDW values (14.9 ± 

3.9) than healthy individuals (12.2 ± 0.7) .Therefore, they suggested that an elevated RDW level in a patient with 

upper gastrointestinal symptoms may be utilized as an indication for upper gastrointestinal endoscopy to screen for 

probable gastric cancer [60]. 

 

In spite of the fact that the components causing increased RDW remain vague, several other components, including 

inflammation and malnutrition, may be involved. It is reported that inflammation and oxidative stress influenced 

RDW [61]. Furthermore, it was observed that RDW also reflected the increase in the cytokines such as IL6, TNF-a 

and hepcidin circulating in blood [62];[63]. Solid cancer, on the other hand is characterized with increased 

inflammation and RDW which were rarely examined in solid cancers [64],[65],[66],[67],[68],[69]. 

 

The white blood cell count (total and differentials) and packed cell volume predict disease severity and mortality 

risk [70]. For example, elevated WBC counts predict a worse prognosis in patients with cancer and anaemia predicts 

increased risk of death of solid cancer patients [71]. Solid cancer patients with an absolute granulocyte count of 

6000/mm
3
 or more were observed to have a shorter survival than the ones with less than 6000/mm

3
. A similar 

phenomenon was observed independently in patients with advanced solid carcinoma [72]. A significantly worse 5-

year cancer-related survival for patients with peripheral blood monocyte count>300/mm
3
 than for patients with a 

count<300/mm
3
 was observed in Japan [73].The prognostic significance of neutrophils, lymphocyte, platelet, mean 

platelet volume, platelet-lymphocyte ratio and neutrophils-lymphocyte ratio in patients with locally and advanced 

gastric cancer were assessed in Turkey and found to influence overall survival [74]. Total leucocyte count (TLC), if 

elevated, predicts poorer prognosis [75].  The white blood cell count (total and differentials) and platelet count 

predicts disease severity and mortality risk. White blood cell (WBC) count, an inflammatory biomarker, has become 

a useful predictor of certain diseases as well as a marker of infection [76]. An elevated WBC count, even within the 

normal range, has been associated with breast cancer incidence and mortality rate [77]. The role of WBC count as a 

surrogate for inflammation has not been examined in the context of well-known effect modifiers for breast cancer 

development [53]. Several studies have attempted to identify the association between WBC counts and solid cancer 

risk especially in gastric cancer, but no consistent evidence has been found [78]. 

 

The role of neutrophils in human cancers is relatively small [79]. From an initial interest in the 1980s, the number of 

publications on neutrophils in cancer-related studies has been steadily going down [79]. However, this trend is now 

beginning to change with the realization that neutrophils are indeed important players in cancer development, as 

reflected by several recent reviews [80]. Also the role of neutrophils in cancer is multifactorial and not fully 

understood. Neutrophils reflect a state of host inflammation, which is a hallmark of cancer [81]. They can participate 

in different stages of the oncogenic process including tumor initiation, growth, proliferation or metastatic spreading 

[82]. The various roles of neutrophils in cancer development and progression, by several groups have recently 

explored the role of neutrophils and other markers of host inflammation on clinical outcomes [83]. Furthermore, 

most data are available for the ratio of neutrophils to lymphocytes measured in the peripheral blood, the so-called 

neutrophil-to-lymphocyte ratio (NLR)[84]. An elevated NLR is associated with worse outcomes in many solid 

tumors, both in early and advanced stage of cancer [84]. In contrast a rising NLR during the first weeks of treatment 

had the opposite effect [85]. These findings make NLR a biomarker easy to evaluate, and that have potential for the 

identification of early responders. 

 

Peripheral blood absolute neutrophil counts are increased in patients with cancer. Tumours produce granulocyte 

colony-stimulating factor (G-CSF) which skews the neutrophil retention/release balance in bone marrow, leading to 

this increase in blood neutrophils [86]. In direct contrast, neutropenia in patients undergoing chemotherapy has been 

shown (by meta-analysis) to be beneficial to survival [87].  

 

This may of course just be a reflection of satisfactory toxicity quality of the drug being accomplished to kill tumor 

cells. It must too be recalled that blood neutrophil levels increases beneath other conditions, such as diseases. Inside 

the same patient, neutrophils may show varying parts at diverse sites. Besides, suitable inflammatory reactions are 

dependent upon a working balance of neutrophil generation, release from bone marrow, recruitment to the location 

of damage and clearance. Dysregulation of this homeostatic process, for instance, by tumour-derived G-CSF, might 

propagate harm. In numerous patients with progressed cancer, increased counts of neutrophils in blood are found. 

How cancers initiate neutrophilia is vague, but generation of granulocyte-macrophage colony-stimulating figure 

(GM-CSF) could be a conceivable instrument in a few sorts of cancer [88].  In addition, other cytokines such as 

https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-017-0707-7
https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-017-0707-7
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granulocyte colony-stimulating factor (G-CSF), interleukin- (IL-) 1, and IL-6 produced by tumors seem to 

contribute to elevated neutrophil numbers in blood [89]. This neutrophilia is associated with poor prognosis in 

several types of other solid cancers, such as lung, melanoma, and renal carcinomas [90]. In agreement with this; the 

presence of neutrophils within certain tumors seems also to be an indicator of poor prognosis [90]. Because 

neutrophilia is frequently associated with inflammatory responses to infections and tissue damage, neutrophilia 

represents evidence for the concept of cancer-related inflammation inducing tumor progression [91]. Not only 

elevated numbers of neutrophils in peripheral blood as reflected by NLR are of prognostic relevance, but also their 

presence in the tumor can be associated with clinical outcome [92]. In this context, it should be noted that what 

mainly affect the worse outcome is the presence of inflammation within the tumor, and the assessment of 

neutrophils is an indirect measure of this and can differ among tumor types.  

 

Lymphocytes represent a vital component of the inflammatory microenvironment favoring the start and progression 

of malignancies. On the other hand, lymphocytes are key effectors of antitumor immune reactions, for instance as 

they sense senescent cells (CD4
+
 T lymphocytes), as they release cytokines and stimulate other immune cells (NKT 

cells) or as they exert direct cytolytic activities against transformed cells (NK and CD8
+
 T lymphocytes). 

Elimination and equilibrium are achieved via lymphocytes, mainly the T cell subpopulation [93]. In cancer patients 

the “healthy” reaction against the tumor is counteracted by a suppressive, tumor-driven effect. This hypothesis is 

strengthened by recent studies showing that the absence or presence of T cells in colorectal cancer specimens more 

accurately predicted the outcome than using standard prognostic factors [94]. Other studies in different types of 

cancer, mainly cervical and breast cancer have also shown similar results [95]. These studies further confirmed the 

importance of the immune response in prognosis alongside other more established factors [96]. Recent studies also 

support the case of immunoediting by observing that tumor infiltration by lymphocytes is linked to tumor-associated 

immune response, mainly showing that the presence of tumor infiltrating[97] lymphocytes may be associated with 

improved prognosis and clinical outcome in solid cancer patients [97]. The composition of lymphocytic populations 

in blood, ascites and tumors is regulated by various cytokines and chemokines produced by the tumors or the 

components of the immune system [98]. 

 

The higher the absolute lymphocyte count (ALC), the better the overall survival, the lower the platelet- lymphocyte 

ratio, the better the overall survival. Works done by some researchers analyzed the correlation between curability by 

conventional treatment of the 589 cases of the different types of solid cancer with reasonable possibilities of cure, 

and the total number of leukocytes in peripheral blood[99]. A positive significant correlation was found between 

gastric cancer curability and the total number of peripheral ALC, a negative correlation was found between the total 

number of peripheral absolute neutrophils (segmented and none segmented) and gastric cancer curability. No 

correlation was found between curability of gastric cancer and absolute monocytes (AMC), absolute eosinophil 

(AEC), or absolute basophils (ABC). The molecular mechanisms by which cytotoxic drugs actuate exhaustion of 

lymphocytes have not been characterized and may include proliferative capture in lymphocyte precursor 

compartments or, on the other hand, coordinate acceptance of apoptosis in mature cells. Their findings indicate that 

the immunologic activity of peripheral lymphocytes may be a favorable factor in the cure of cancer by conventional 

treatment [99]. 

 

It has been hypothesized that monocytes advance tumor progression and support antitumor 

insusceptibility. Moreover, an increased monocyte count in the peripheral blood is considered a predictive factor of 

poor prognosis in solid cancer patients [100]. Elevated pre-treatment monocyte counts in a multivariate analysis 

were found to be an independent prognostic factor for gastric cancer-related survival. A high peripheral AMC (alone 

or combined with neutrophil count) has also been associated with adverse outcomes in other solid cancers such as 

cervical and ovarian cancer [101]. 

 

An increased pre-treatment platelet count has been identified as an adverse prognostic indicator in gastric and 

gynecological malignancies [102]. A high platelet count is associated with tumor progression and poor survival in 

patients with solid cancers [103].The relationship between cancer and thrombosis was established in the late 19th 

century by Armand Trousseau [104]. Since then, thrombocytosis has been associated with cancer prognosis. Clinical 

studies have investigated the frequency of high platelet count in patients with cancer and the role of high platelet 

count in patient outcomes [105]. The overall survival (OS) of patients with solid cancers especially gastric, ovary 

cancer, lung cancer, and breast cancer has been related to thrombocytosis at the time of diagnosis [105]. Some 

workers reported that platelet count is a predictor of metastasis and venous thromboembolism in patients with solid 

cancer [106].  
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Penetration of the bone marrow by metastatic tumour cells can result in bone marrow failure and resultant 

hematologic abnormalities. As cancer cells attack the healthy marrow, they supplant hematopoietic stem cells, 

leading to the depletion of multiple cell lines. A work done in 2010 describes a typical pattern of anemia, 

thrombocytopenia, and increased mortality. With advanced age comes immune system dampening and modulation 

that could potentially predispose to both malignancy and thrombocytopenia [107]. Other theories include an increase 

in anti-platelet antibody with carcinoma, as well as the presence of immune-modulating oncogenic viruses [108]. 

 

Mean platelet volume (MPV), the most commonly used measure of platelet size, represents a surrogate marker of 

platelet activation [109]. Large platelets have been proposed to be more reactive and more likely to aggregate which 

leads to their faster utilization. MPV is inversely proportional to the platelet count, which is associated with 

haemostasis maintenance and preservation of constant platelet mass [110]. This means that the increased production 

of platelets is accompanied by a reduction in their mean volume. In various pathologies, this physiological 

proportion is disturbed[111]. Markedly enhanced or abnormal thrombocytopoiesis, increased wear, or the effect of 

activating factors on blood platelets may lead to changes in the proportions between MPV and PLT [112]. As of late, 

increasing consideration has been paid to the evaluation of MPV in cancer patients. Neoplastic transformation is 

associated with a chronic inflammatory process, which may also influence platelet parameters.  The observation of 

decreased platelet size in cancer patients has been explained by an increased cancer-associated platelet activation 

and exhaustion [113]. In this context, a low MPV may reflect degranulated “exhausted” platelets that have already 

secreted their potentially tumor growth-promoting cytokines, and thus are associated with a worse outcome in 

cancer patients [114]. In addition, an increased release of small platelets from the bone marrow may be the result of 

enhanced megakaryopoiesis triggered by tumor-related cytokines [115]. Altered MPV levels have previously been 

analyzed as a prognostic and predictive biomarker in cancer patients and have been associated with prognosis in 

several solid cancer entities such as gastric, bladder, renal, endometrial, non-small cell lung cancer, and 

hepatocellular carcinoma [116]. Gastric cancer is another gastrointestinal injury accompanied by changes in the 

platelet parameters. It is characterized by early metastasis formation and high mortality [117]. Work in 2013, 

reported that in patients with primary gastric cancer, MPV was considerably higher before treatment as compared to 

healthy subjects [118]. After treatment, the level of MPV underwent a significant reduction to the values comparable 

to control. Research conducted in 2016 confirmed earlier reports on MPV in gastric cancer patients [114]. The 

researchers also observed a high pre-treatment level of MPV in patients and its significant decrease when the 

treatment was applied. The development of gastric cancer has been known to be closely associated with chronic 

inflammation accompanied by significantly elevated IL-6 concentration [119]. The authors suggest that the 

increased MPV in gastric cancer patients can be a sequel of inflammatory condition and the accompanying elevated 

level of IL-6 [120]. Likewise, in 2013, researchers observed that MPV and PLT in patients in an early stage of 

cancer were similar to those found in healthy subjects and increased with the disease progression [121].  Therefore, 

a comprehensive evaluation of the literature is warranted. Routine peripheral blood counts may be useful prognostic 

factor for evaluating the accuracy of risk stratification in patients with solid cancers. Since chemotherapy and other 

solid cancer treatment affect the full blood count, it is important to know the extent of these effects by comparing the 

full blood count results before and during treatment in these subjects. 

 

Erythrocyte sedimentation rate (ESR) is the most widely used laboratory test for evaluating the inflammatory status 

in clinical practice, including infection, autoimmune and malignant diseases [122]. Increased ESR is habitually 

experienced in patients with cancer. The outcome in various malignancies depends on the type of the underlying 

disorder, the stage and duration of the disease, and the regimen and intensity of the antitumor treatment [123]. In 

addition, an elevated ESR level has also been identified as a prognostic factor adversely affecting survival in cancer 

patients [124]. A number of studies indicated that an increased ESR level is associated with worse survival; patients 

with higher ESR values was observed in gastric cancer and other solid cancer such as: colorectal cancer [125], renal 

cell cancer, head and neck cancer, soft tissue sarcoma , breast cancer, and prostate cancer [123], had a shorter 

survival compared with those with normal ESR levels.   However, serum CRP levels are not routinely assessed in 

the pre-treatment assessment, hence the use of ESR is more readily available and inexpensive compared to CRP.  

 

Total blood counts are routinely performed amid chemotherapy and other solid cancer treatments to check the 

number of each sort of blood cell circulating within the body  [126]. Complete blood counts are routinely performed 

during chemotherapy and other breast cancer treatments to check the number of each type of blood cell circulating 

in the body. The complete blood count too helps to check for different side effects of chemotherapy. Blood counts 

are monitored regularly before each cycle of treatment in breast cancer patients, since cancer treatments affect the 

bone marrow‟s ability to make blood cells.  Chemotherapy medications and radiation exposure can significantly 
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reduce the levels of blood cells. This reduction increases the risk of infection, fatigue and bleeding. Complete blood 

count especially lymphocytic count reflects the response of cellular immunity in a cancer patient. The alteration in 

hematological parameters influences the disease progression. Hemoglobin (Hb) and packed cell Volume (PCV) are 

indirectly associated with increased risk of cardiac failure in cancer patients [126].  

 

It is evident that components of the CBC count can provide valuable prognostic information in solid tumors and 

hematologic malignancies that are not only limited to survival predictions or assessment of disease progression, but 

also are important tools when evaluating response to treatment. Thus, true assessment of the utility of the CBC count 

as an inexpensive, established, and globally accessible prognostic factor in many malignancies requires careful 

studies of the sample results obtained. It is likely that future planned studies considers analyzing the science behind 

the prognostic value of the distinctive components of the CBC count would afterward yield significant therapeutic 

advances and a thorough understanding of disease pathogenesis.  

of illness movement, but too are vital instruments when assessing reaction to treatment.  

 

In this present study, complete blood count was studied in order to determine and compare their pre-treatment and 

treatment CBC results for prognostic values during the courses of chemotherapy to prevent the risk of unpleasant 

and life threatening side effects such as anaemia, fatigue, infections and bleeding. Also to prevent disruption of 

delivery of the treatment, due to none efficient monitoring of the CBC which can result in change to the planned 

dose and time.  

 

Materials and Methods:- 

Study Site 

The study was conducted in ESUTH Teaching Hospital Parklane GRA Enugu, Enugu State. Enugu was created on 

27
th
 August 1991.  Enugu State is one of the five states in the South Eastern geopolitical zone of Nigeria and was the 

administrative capital of the former East Central State. It has an area of 8727.1 square kilometers. It is bounded by 

Anambra State on the west, Imo and Abia States on the south, Kogi state on the north and Ebonyi and Benue States 

on the east. The state has a projected population of over 3.5 million people. The major municipal cities are the 

capital, Enugu and Nsukka.  

 

Study Design 

This was a longitudinal study. The control samples were collected from sex and age matched apparently healthy 

individuals. The pre-treatment samples were collected at diagnosis and the treatment samples collected at different 

stages [stage 1(localized); 11 (tumour); 111(lymph node); 1V (metastasis)] of the treatment. The controls, pre-

treatment and treatment samples collected were compared and changes reported. The treatment samples were 

collected from seven days to at least a day before the next treatment. The study lasted for 14 months (August 2019 

to December 2020) and a total of 4 subjects were lost to death. 

 

Study Population  

This study comprised of fifty-four (54) gastric cancer subjects. The subjects used in this study were adults between 

the ages of 21years to70years.  There was no ethnicity differentiation. Questionnaires were used to obtain other 

demographic characteristics, clinical/provisional diagnosis, their life styles, and the staging of these solid cancers. 

Follow up the subjects began at entry of this study. Subjects were followed monthly for a period of fourteen months 

depending on the scheduled clinical appointments of the subjects by their clinician  

 

Criteria 

Exclusion criteria: 

Subjects suffering from other types of health problems like liver cirrhosis, active bleeding, intestinal obstructions, 

diabetes, hyper blood pressure, non-solid cancers examples leukemia, lymphomas, myelomas and soon on, mixed 

cancers like adenosquamous carcinomas, mixed mesodermal tumors, and other types of solid cancers. Also subjects 

with the presence of any haematological system diseases. These subjects will be excluded based on the clinical 

diagnosis already made by the clinician‟s report  

 

Inclusion criteria: 

All subjects suffering from all forms of gastric cancer, which has been diagnosed by their clinician at the different 

stages of the illness. Also subjects with life expectancy of more than three years. 
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Ethical Consideration/Informed Consent 

All subjects gave a verbal consent and they study protocol were approved by the Ethics Committee of Enugu State 

University of Science and Technology Teaching Hospital Park Lane G.R.A. Enugu-North Local Government Area. 

The subjects attending surgical out-patient (SOP) clinic at ESUT Teaching Hospital Parklane GRA Enugu State 

were used.  

 

Data Collection 

Subjects‟ data including demographics (example ages, sexes, level of education occupation and soon on) and 

clinicopathological features (cancer location, and stages) were all obtained using questionnaires. The cancer staging 

was performed according to the 7
th
 edition of the Union for International Cancer Control- American Joint 

Committee on Cancer Association on cancer classifications. Blood sampling were performed to measure erythrocyte 

sedimentation rate (ESR), total and differential leucocytes counts, platelet counts for the calculation of 

neutrophil/lymphocyte ratio (NLR), platelet / lymphocyte ratio (PLR), lymphocyte / monocyte ratio (LMR). These 

ratios are defined as the total number of neutrophils, platelets, monocytes divided by the total number of 

lymphocytes. 

 

Sample Processing 
Sequestrated sample of a total four milliliters of blood were collected by venipuncture at the antecubital vein from 

all the subjects at different stages (pre-treatment and treatment). The blood samples were collected in dipotassium 

ethylenediaminetetraacetic acid (K2EDTA) containers commercially prepared and processed immediately. Stored 

blood samples were not used in this research work. The complete blood count (CBC) and ESR were done as soon as 

possible or at least within thirty minutes to one hour from the time of collection. The sample collections and 

processing were done at all the different stages of cancer in this research work and results analyzed. 

 

Determination Of Haematological Parameters 
Haematological parameters such as; haematocrit (HCT), haemoglobin concentration (Hb), total white cell count 

(TWCC), differential white cell count, total platelets count, MCHC, MCV, MCH were immediately analyzed on 

samples collected in EDTA tubes by a haematological analyzer “Be-5300 – Mindray” Japan. Determination of 

erythrocyte sedimentation rate was done using Westegren method. 

 

Statistical Analysis 

Sample size was calculated using Graphpad Prism of Statmate Software version 2.0.  A sample size of 54 has 90% 

power to detect a difference between means of 0.33 with significant difference level (alpha) of 0.05 (two-tailed). 

The mean and standard deviation (mean value ± SD) of the data were tabulated for each group. The data was 

analyzed with IBM Statistical Package for Social Sciences (SPSS PC. version 20.0; SPSS Inc., Chicago, III., USA). 

The ROC curve was used to determine the different cut-offs in the ratios (NLR, LMR and PLR).  Cox proportional-

hazards regression analysis was used to evaluate the prognostic factors (ages, duration, ratios and their cancer 

diagnosis).  Overall survival (OS) was defined as the duration from diagnosis to death or last follow-up. The 

ANOVA and Tukey HSD post- hoc test were used to compare the results obtained within controls, pre-treatment 

and treatment result; age groups and the age group susceptibility. 

 

Results:- 

Table 1: Demographic table  of the Gastric cancers. 

Sample sizes of twenty-six female and twenty-eight male subjects with age range mean±SD of 43.±21.0 were 

studied. Educational qualifications were: primary, 0(0%); secondary, 40(74%) and tertiary, 14(26%). There 

occupations were: civil servants, 10(19%); business, 44(81%) and students, 0(0%). The duration was calculated 

from the onset of diagnosis to the end of this research and it was calculated in months. The duration was grouped 

into three categories in this work. The duration on each of the cancer were reported in mean±SD. The total number 

and percentage was reported for gastric Cancer. Average treatment intervals in weeks (mean±SD) were: gastric 

cancer (13.0±8.0). The controls of fifty-four subjects used in this work were apparently healthy individuals.  

 

Table 1:- Demographic Table of the Gastric Cancers.  

          Total number                 Percentage  

 Test Subjects Control  Test Subjects Control  

Gender 54 54 100 100 
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Females                                                 

Males                                   

26 

28 

30 

24 

48 

52 

56 

44 

Level of Education     

Primary    0   0   0    0 

Secondary  40 45 74   83 

Tertiary   14   9 26   17 

Occupation      

Civil Servants 10 20 19   37 

Business 44 34 81   63  

Students 0 0    0    0 

Age(years)Mean±SD 43.0±21.0    

Age Groups     

21-30 34 40 63.0 74.0 

51-60 10   8 19.0 15.0 

61-70 10    6 18.0 11.0   

Duration 

(months)mean±SD 

23.6 ±9.4    

11-30 22 0 44.0 0 

31-50 20 0 40.0 0 

51-70   8 0 16.0 0 

 

Table 2: High and Low optimal cut-off values in the Gastric  cancers with their total number and percentages 

respectively. 

Receiver Operating Characteristic (ROC) curve calculated using Youden index for AUC (area under the curve) were 

constructed between death events and censors. The optimal cut-off values of pretreatment NLR, LMR, and PLR 

were calculated using ROC curve. According to these optimal cut-off values, the 54 subjects were classified into two 

groups: high and low NLR, LMR, and PLR with their respectively percentage.  

Table 2:- High And Low Optimal Cut-Off Values In Gastric Cancers With Their Total Number And Percentages 

Respectively.  

 NLR LMR PLR 

Optimal cut-off 2.65 5.75 3550.0 

Sensitivity  100 100 100 

specificity  0.0 0.0 0.0 

AUC 1.0 1.0 1.0 

p-value 0.07 0.05 0.000 

High (N %) 34(62%) 10(19%) 12(22%) 

Low (N %) 20(38%) 44(81%) 42(78%) 

 

Table 3: The prognostic purposes of NLR, LMR and PLR in Gastric cancer  

A total of 20(38%) of Gastric Ca subjects had low NLR (<2.65) while 34(62%) had high NLR (>2.65). In LMR, 

44(81%) had low ratio (5.75) and 10(19%) had high ratio (>5.75). 42(78%) had low PLR (<3550.0) while 12(22%) 

had high PLR (>3550.0). In GCa, the coefficient (B) NLR (2.0) and LMR (0.30) have a positive value. HR for NLR 

is 7.20 (95%CI: 0.90-60.05; p=0.07 and LMR is 1.30 (95%CI: 1.00-1.70; p=0.05). In NLR, there was no significant 

difference at p>0.05 meaning that there was no evidence of risk of death observed in either group (high NLR and 

low NLR). Lower LMR ratios are associated with increased HR and shortened survival time in the subjects with 

significant difference at p≤0.05 meaning that low LMR ratios are associated with increased HR and decreased 

survival time in the subjects. A unit decrease LMR by 1.0 increase HR of the ratio values by   1.30 (LMR) folds. 

Also a unit decrease in LMR decreases the survival time in the subjects by 1.70 months. But in PLR, there was no 

significant difference at p>0.05 meaning that there was no evidence of risk of death observed in either group (high 

PLR and low PLR).  

Table 3:- The Prognostic Purposes Of Nlr, Lmr And Plr In Gastric Cancer. 

Covariates 

( mean/N)  

Coefficient         

(β) 

Standard 

error 

P-value Exp(B) 

(Hazard 

ratio) 

95% CI for Exp(B) 

Lower Upper 

NLR(3.20) 2.00 1.10 0.07 7.20 0.90 60.05 



ISSN: 2320-5407                                                                             Int. J. Adv. Res. 13(01), 932-957 

943 

 

 [:0 <3.20(34); 1>3.20(20) 

LMR (5.65) 

[0:<5.31(10);1>5.31(44)] 

0.30 0.10 0.05* 1.30 1.00 1.70 

PLR (87.0) 

(0:<87.0(12);1>87.0(42) 

0.22 0.20 0.30 1.25 0.81 1.92 

P<0.05*-signifies a significant difference. 

 

 

 
Figure 1:- The Prognostic Purposes in GCa Showing Nlr Survival And Hazard Function. 
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Figure 2:- The Prognostic Purposes in GCa Showing Lmr Survival And Hazard Function. 
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Figure 3:- The Prognostic Purposes In GCa Showing Plr Survival And Hazard Function. 

 

Table 4: ANOVA showing the CBC and ESR results in controls, pre-treatment and treatment in Gastric 

Cancer (GCa) subjects 

Analysis of Variance (ANOVA) was used to calculate the difference between and within the controls, pre-treatment 

and treatment CBC and ESR result in gastric cancer subject. A significant difference at P≤0.05 between and within 

the RBC, TPLT and some WBC parameters were observed. A Turkey post-hoc of the mean±SD was carried out on 

the RBC parameters, ESR, TPLT, TWBC, ANC, ALC and AMC within and between the control, pre-treatment and 

treatment results. In TRBC, a significant decrease control (4.5±0.5) and pre-treatment (4.74±0.6) at p=0.01; control 

(4.5±0.5) and treatment (3.98±0.7) at p=0.002; pre-treatment (4.74±0.6) and treatment (3.98±0.7) at p= 0.02 was 

seen. In HB, a significant increase control (13.1±0.2) and pre-treatment (12.03±0.9) at p=0.01; control (13.1±0.2) 

and treatment (10.20±1.1) at p=0.0001; pre-treatment (12.03±0.9) and treatment (10.20±1.1) at p=0.0001 was 
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observed.  In HCT, a significant increase control (39.5±0.7) and pre-treatment (36.20±2.7) at p=0.02; control 

(39.5±0.7) and treatment (30.70±3.1) at p=0.0001; pre-treatment (36.20±2.7) and treatment (30.70±3.1) at p=0.0001 

was observed. In MCHC, a significant increase control (33.2±0.5) and treatment (29.60±2.0) at p=0.001; pre-

treatment (32.0±2.8) and treatment (29.60±2.0) at p=0.04 was observed. In MCV, a significant increase control 

(88.5±2.9) and pre-treatment (80.0±5.0) at p=0.01; control (88.5±2.9) and treatment (74.30±8.0) at p=0.0001; pre-

treatment (80.0±5.0) and treatment (74.30±8.0) at p=0.03 were observed. In MCH, a significant increase control 

(29.6±1.9) and pre-treatment (25.30±1.8) at p=0.00001; control (29.6±1.9) and treatment (23.00±1.6) at p=0.0001; 

pre-treatment (25.30±1.8) and treatment (23.00±1.6) at p=0.02 was observed. In RDW, a significant decrease 

control (11±0.9) and pre-treatment (14±1.6) p=0.0005; control (11±0.9) and treatment (15.8±2.0) at p=0.00001; pre-

treatment (14±1.6) and treatment (15.8±2.0) at p=0.05 was observed.  In TPLT, a significant increase control 

(235000±41700) and pre-treatment (205.200±89.227) at p=0.03; control (235.000±41.700) and treatment 

(208.000±61.076) at p=0.04 was observed .In TWBC, a significant decrease control (3.9±0.7) and pre- treatment 

(9.22±2.8) at p=0.0001; control (3.9±0.7) and treatment (7.10±1.2) at p=0.001; significant increased pre-treatment 

(9.22±2.8) and treatment (7.10±1.2) at p= 0.04 was observed.  In ANC, a significant decrease control (3.7±0.5) and 

pre-treatment (8.5±2.5) at p=0.00001; control (3.7±0.5) and treatment (6.7±1.8) at p=0.00001; pre-treatment 

(8.5±2.5) and treatment (6.7±1.8) at p=0.04 was observed.  In ALC, a significant decrease control (2.1±0.4) and pre-

treatment (2.6±0.6) at p=0.03; control (2.1±0.4) and treatment (2.1±0.7) at p=0.0001. In AMC, a significant increase 

at p=0.05 was observed between control (0.28±0.02) and pre-treatment (0.13±0.2); control (0.28±0.02) and 

treatment (0.04±0.07) at p=0.002. In ESR, control (12.2±5.0) and pre-treatment (29.0±14.4), p=0.05; control 

(12.2±5.0) and treatment (62.0±24.0), p=0.0001; pre-treatment (29.0±14.4) and treatment (62.0±24.0) observed a 

significant difference at p=0.0002. 

 

Table 4:-  Anova Showing The Cbc And Esr Results In Controls, Pre-Treatment And Treatment In Gastric Cancer 

(Gca) Subjects. 

Parameter Control(A) 

(mean±SD) 

(N=54) 

Pre-

treatment(B) 

(mean±SD) 

(N=54) 

Treatment(C)  

(mean±SD) 

(N=50) 

f-

value 

p-value A vs B A vs C B vs C  

TRBC(×10
12

l) 4.5±0.5 4.74±0.6 3.98±0.7 7.7 0.002* 0.01* 0.002* 0.02* 

HB(g/dl) 13.1±0.2 12.03±0.9 10.20±1.1 31.3 0.0001* 0.02* 0.0001* 0.0001* 

HCT (%) 39.5±0.7 36.20±2.7 30.70±3.1 34.1 0.0001* 0.01* 0.0001* 0.0001* 

MCHC(g/dl) 33.2±0.5 32.0±2.8 29.60±2.0 8.3 0.002* 0.4 0.001* 0.04* 

MCV(fl) 88.5±2.9 80.0±5.0 74.30±8.0 16.3 0.0001* 0.01* 0.0001* 0.03* 

MCH(pg/cell) 29.6±1.9 25.30±1.8 23.00±1.6 35.8 0.0001* 0.0001* 0.0001* 0.02* 

RDW (%) 11±0.9 14±1.6 15.8±2.0 23.0 0.0001* 0.0005* 0.0001* 0.05* 

PLT(×10
9
l) 235.000 

±41.700 

208.000 

±61.076 

205.200 

±89.227 

4.6 0.02* 0.03* 0.04* 1.0 

MPV (%) 11±2.1 12±2.5 10±0.9 2.2 0.13 0.5 0.6 0.1 

TWBC(×10
9
l) 3.9±0.7 9.22±2.8 7.10±1.2 21.9 0.0001* 0.0001* 0.001* 0.04* 

ANC(×10
3
l) 3.7±0.5 8.5±2.5 6.7±1.8 20.0 0.0001* 0.01* 0.0001* 0.04* 

ALC(×10
3
l) 2.1±0.4 2.6±0.6 2.1±0.7 61.5 0.0001* 0.0001* 0.0010* 0.2 

AMC(×10
3
l) 0.28±0.02 0.13±0.2 0.04±0.07 8.4 0.002* 0.05* 0.002* 0.4 

AEC(×10
3
l) 0.00±0.0 0.08±0.1 0.09±0.2 1.5 0.2 0.1 0.4 0.8 

ABC(×10
3
l) - - - - - - - - 

ESR(mm/hr) 12.2±5.0 29.0±14.4 62.0±24.0 26.0 0.0001* 0.05* 0.0001* 0.0002* 

P<0.05*-signifies a significant difference. A (control), B (pre- treatment), C (treatment) 

 

Table 5a and 5b: showing the CBC and ESR results at different age groups in gastric cancer 

There were no significant differences at p>0.05 in all the CBC parameters mean ±SD measured within and between 

the different age groups studied, except, RDW , ESR and ALC showed a significant difference at p≤0.05. A Turkey 

HSD post-hoc test was carried out on the different age group in the RDW, ESR and ALC.  The RDW result 

observed a significant increase at p=0.03 between 21-30(15.6±0.7) and 51-60(13.1±1.0) also within 21-30(15.6±0.7) 

and 71-80(12.0±1.3) at p=0.002. In ESR, result indicated that there was a significant increase at p=0.002 between 

the age group 21-30 (75.0±7.1) and 71-80 (29.7±10.0).In ALC, a significant increase at p=0.04 between 21-

30(2.8±0.2) and 51-60(2.1±0.4) 
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Table 5a:- Red Blood Cell Parameters Results At Different Age Groups In Gastric Cancer Using Anova With 

Tukey Hsd Post-HOC. 

Age groups 

(years/N) 

TRBC 

×10
12

l 

HB 

g/dl 

HCT 

% 

MCHC 

g/dl 

MCV 

fl 

RDW 

% 

MCH 

pg 

ESR 

mm/hr 

(A)21-30  

(n=34) 

4.5± 

0.9 

11.3± 

0.4 

33.5± 

0.7 

30.8± 

4.2 

76.5± 

12.0 

15.6 

±0.7 

24.5± 

0.7 

75.0± 

7.1 

(B)51-60  

(n=10) 

4.9± 

0.6 

12.3± 

0.7 

34.0± 

2.8 

31 .8± 

2.5 

80.0± 

10.2 

13.1 

±1.0 

25.2± 

1.5 

45.0± 

14.1 

(C)71-80  

(n=10) 

4.8± 

0.5 

11.3± 

7.1 

36.2± 

2.1 

34.5± 

0.7 

80.0± 

14.1 

12.0 

±1.3 

26.5± 

3.5 

29.2± 

10.1 

F 

(p) value 

0.27 

(0.9) 

1.41 

(0.3) 

1.69 

(0.3) 

1.47 

(0.3) 

- 18.4 

(0.003) * 

0.62 

(0.6) 

14.31 

(0.003) * 

A vs B 

 p-value 

0.8 1.0 0.9 0.9 0.9 0.03* 0.8 0.2 

A vs C 

 p-value 

0.9 - 0.1 0.5 0.9 0.002* 0.3 0.003* 

B vs C 

 p-value 

1.0 1.0 0.3 0.6 - 0.4 0.7 0.06 

P<0.05*-signifies a significant difference. 

 

Table 5b:- Platelet And White Blood Cell Parameters  Results At Different Age Groups In Gastric Cancer (GCa)  

Using Anova With Tukey Hsd Post-HOC 

Age groups 

(years/N) 

PLT 

10
9
l 

 

MPV 

% 

TWBC 

10
9
l 

ANC 

10
9
l 

ALC 

10
9
l 

AMC 

10
9
l 

AEC 

10
9
l 

ABC 

10
9
l  

(A)21-30  

(n=34) 

179.500± 

97.291 

13.7 

±5.2 

10.6± 

0.9 

8.3 

±3.0 

2.8 

±0.2 

0.1 

±0.1 

0.1 

±0.2 

0 

(B)51-60  

(n=10) 

207.500± 

95.459 

12.1 

±3.3 

8.3± 

4.6 

7.4 

±5.0 

2.1 

±0.4 

0.2 

±0.3 

0.05 

±0.07 

0 

(C)71-80  

(n=10) 

280.000± 

7.071 

9.9 

±0.1 

9.1± 

3.0 

10.3 

±0.9 

2.2 

±0.4 

0.2 

±0.2 

0.05 

±0.07 

0 

F 

(p) value 

0.94 

(0.4) 

1.6 

(0.2) 

0.29 

(0.8) 

1.4 

(0.3) 

6.9 

(0.02) * 

1.7 

(0.3) 

1.8 

(0.2) 

0 

A vs B 

 p-value 

0.9 0.9 0.5 0.9 0.04* 0.7 0.9 0 

A vs C 

 p-value 

0.4 0.2 0.7 0.7 0.07 0.3 0.9 0 

B vs C 

 p-value 

0.7 0.8 0.9 0.7 0.9 0.8 - 0 

P<0.05*-signifies a significant difference. 

 

Discussion:- 

Complete blood count is a standard investigations required from all gastric cancer patients before surgery, use of 

chemotherapy and/or radiotherapy. Poor parameters adversely correlated with prognosis in several solid cancers 

[37]. 

 

The relationship between NLR,LMR and PLR and prognostic significance in patients with different solid cancers 

have been reported by many studies, however inconsistent results have been presented so far. No reference values 

have been established in Nigeria and Africa to the best of my knowledge. We made an attempt to determine 

different cut-off values for all the six solid cancers using the pre-treatment CBC results. And in addition, determine 

the NLR, LMR and PLR ratio with their respective percentage in each group using longitudinal approach. Previous 

studies determined these ratios in retrospective studies. The duration of the disease was used to determine the overall 

survival using the different ratio cut-off values. 
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In this study, the treatment red cell parameters results were significantly lower than the pre- treatment and control 

result. These results showed a classical case inflammation and anaemia in these subjects which can be caused by 

malnutrition, cytotoxicity of the chemotherapy drug. RDW reflects impaired erythropoiesis and abnormal red blood 

cell survival but it correlates also with inflammation, under nutrition and impaired renal function, with inadequate 

production of erythropoietin (EPO) [56].  

 

Quite recently, red cell distribution width (RDW), have also been shown to associate with survival of solid tumors 

[112]. Growing evidence indicated that high RDW is associated with systemic inflammation and elevated RDW 

harbored the potential to predict poor survival in a variety of human solid cancers, consisting of breast cancer, lung 

cancer, prostate cancer, endometrial cancer, colon, gastric, esophageal cancer and upper tract urothelial carcinoma 

[58],[59]. Work done in 2005 reported anaemia in solid cancer patients, this work suggested that this anaemia which 

is mostly of iron deficiency may be due to the malignancy itself or a direct consequence of the treatment due to the 

decreased value in red blood indices [49].  Same work also reported that this anaemia in these cancers may be 

evident at initial diagnosis and develops due to activation of immune system which appears to be the driving force of 

global diminution of erythropoiesis [49]. In 2006, a work hypothesed that this immune system once activated 

stimulates the production of inflammatory cytokines that impedes erythropoiesis hence leading to insufficient 

differentiation and proliferation of erythroid precursors leading to anaemia [50]. Works done in 2005 reported that 

these inflammatory cytokines also impairs iron metabolism which results in reduced serum iron levels and iron 

retention within the reticuloendothelial system (RES) [38]. Another work done 2005, in their work reported that, 

these cytokines can be produced by the cancer cells themselves which then induces iron sequestration, thereby 

decreasing RBC production and over expression of these inflammatory cytokines causes shortened RBC survival 

[47]. Reported works observed that chronic blood loss at common sites can exacerbate anaemia from bone marrow 

invasion by these solid cancers causing myelophthisis resulting from bone marrow replacement causing 

pancytopenia [83, 84, 51]. This is work is consistence with works done by [50, 83, 84, 51, 38, 47].  

 

In this present work, there is significant decrease of the treatment TWBC compared to the pre-treatment and control 

TWBC even though the TWBC are within the normal range. This change could be attributed to effect of 

chemotherapy which exerts cytotoxic destructive effect during treatment on the bone marrow. Studies done in 2017, 

2015 and 2012 all reported leucocytosis in solid cancer subjects [77, 71, 72]. Several studies in 2019 and 2016 had 

attempted to identify the association between TWBC and solid cancer risk, but no consistent evidence has been 

found most reports were done on neutrophils/ lymphocytes ratios [76, 78]. This work reported leucopenia which is 

not consistent with other published works done in 2017, 2015 and 2012 [77, 71, 72]  

 

In differential TWBC, most data were available for the ratio of NLR. The role of neutrophils in cancer is 

multifactorial and not fully understood. A work done in 2015 reported that neutrophils participate in different stages 

of the oncogenic process including tumor initiation, growth, proliferation or metastatic spreading [82]. The various 

roles of neutrophils in cancer development and progression by several researchers have recently explored the role of 

neutrophils and other markers of host inflammation on clinical outcomes. Works done 2009, reported also that an 

elevated absolute neutrophil count is an adverse prognostic factor incorporated in a contemporary prognostic score 

for metastatic carcinoma treated with targeted therapy [61]. A lot of controversies in neutrophil counts have been 

involved in neutrophil count report. Some works in 2011, reported that the expression of neutrophils in the tumour 

had been linked with detrimental outcome in some cancer examples include: head and neck cancer, esophageal 

cancer whereas in other cancers, it has been associated with better survival [81]. However, in 2016 reported works 

observed that neutrophils assessment can be used as indirect measurement of the tumor inflammation outcome [98].  

 

In this work, significant increases were observed in absolute neutrophil count (even though the values fell within the 

normal range) in their pre- treatment samples results compared with their treatment and control results. A work done 

in 2017 reported that peripheral bloods neutrophils are increased in subjects with solid cancer before treatment. This 

work suggested that this could be because tumors at initial stage produces granulocyte colony – stimulating factor 

(G-CSF) which skews the neutrophil retention or release balance in bone marrow, leading to this increase in 

circulating neutrophil [85] .However during treatment, reported work done in 2011 observed that  reduced 

neutrophil count were seen in these subjects showing to be beneficial to the survival of the subjects and this may of 

course just be a reflection of adequate toxicity of the drug being achieved as it kills tumour cells [86]. The direct 

effect of toxicity during therapy on neutrophils should be closely monitored in order to prevent the occurrence of 

neutropenia. This work is however consistent with other works. [85, 86, 87, 88]  
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In absolute lymphocyte counts (ALC), a significant decrease value in the treatment sample result compared with 

their pre- treatment and control results all within the normal range were observed. The lymphocyte counts in this 

work may be within the normal range but the values obtained tend towards higher unit of the normal range. The 

decrease in this study may be as a result cytotoxicity of these drugs, could also be caused as a result of proliferative 

arrest in lymphocyte precursor or by direct induction of apoptosis in mature cells [62]. However the mechanisms by 

which cytotoxic drugs induce depletion of lymphocytes have not been defined. In this work, a decrease pre-

treatment monocyte and eosinophil count were observed when compared with the treatment sample results, however 

with no significant difference.  

 

In PLT count, an increase pre – treatment PLT count has been identified as an adverse prognostic indicator in some 

solid cancers such as bronchial cancer, gastric cancer and gynecological cancer [101]. Works in 2014, observed that 

high PLT is also associated with tumor progression and poor survival in patients with solid cancers especially in 

esophageal cancer [102]. Reported works in 2010 observed that thrombocytopenia increased mortality [106]. 

Another work also reported ITP in pre – treatment solid cancer subjects [107]. However the mechanism of cause 

associated with ITP has not yet been elucidated. In this present work, the chemotherapy PLT results were 

significantly increased when compared with pre- treatment and control results, however all result were all within 

normal range. The mean platelet volume (MPV) values obtained were significantly decreased in the treatment 

results compared to the pre- treatment and control results. Mean platelet volume (MPV), the most commonly used 

measure of platelet size, represents a surrogate marker of platelet activation [109]. Recently, increasing attention has 

been paid to the assessment of MPV in cancer patients.  The observation of decreased platelet size in cancer patients 

has been explained by an increased cancer-associated platelet activation and exhaustion [112]. In this context, a low 

MPV may reflect degranulated “exhausted” platelets that have already secreted their potentially tumor growth-

promoting cytokines, and thus are associated with a worse outcome in cancer patients [113]. Researchers in 2014, 

examined the effect of chemotherapy treatment on MPV levels in colorectal cancer patients. Pre-treatment MPV 

findings were similar in the whole study group, but decreases during treatment. They indicated that changes in MPV 

could be due to the effect of chemotherapy on the formation of blood platelets and cyclic drug administration [108]. 

Gastric cancer is another gastrointestinal lesion accompanied by changes in the platelet parameters. It is 

characterized by early metastasis formation and high mortality [116]. Two groups of researchers reported that in 

patients with primary gastric cancer, MPV was considerably higher before treatment as compared to healthy 

subjects. After treatment, the level of MPV underwent a significant reduction to the values comparable to control. 

They concluded that a significant decrease was observed during treatment but a high pre-treatment level of MPV in 

patients. Hence no thrombocytosis or thrombocytopenia was observed [117, 113].  All the literatures about PLT 

were of western countries origin none has been reported in Nigeria to the best of my knowledge. From the result of 

this work, it was observed that the solid cancers rarely affect the platelets as most of the subjects during treatment 

had no bleeding tendencies.  So the result obtained in this study is not consistent or in agreement with other past 

researchers.  

 

ESR is the most widely used laboratory test for evaluating the inflammatory status in clinical practice, including 

infection, autoimmune and malignant diseases [120].  In 2014, some works reported an elevated ESR in cancer 

patients could be as a result of underlying disorder, the stage and duration of the disease, the regimen and intensity 

of the antitumor treatment [121].  Another work in 2014, also reported on elevated ESR level as a prognostic factor 

adversely affecting survival in cancer patients [122]. This present work observed a significant increase of treatment 

ESR to pre- treatment ESR test and control results in all the in solid cancers. The result coincides with anaemia 

observed in these patients who may be caused by several factors including nutritional decline, bone marrow 

filtration, treatment – related toxicity and chronic inflammatory state. This work is in agreement with other works 

[120,12,126].  

 

In this work, the cut-off values of NLR (2.65) and PLR (3330) were used to determine the prognostic factor in these 

GCa patients.  The increased value of NLR and PLR were found to have no significant prognostic effect in the OS 

and HR in the progression of the disease in these subjects. The reason could be because the subjects in this work 

were in the early stages of the cancer development so their immune system had not been compromised. So the 

finding in this work is not in conformity with other reported works. In this work, there was a significant association 

between LMR and survival in these patients. It was observed that low LMR (≤ 2.50) in these subjects were 

associated with increased HR and shortened OS. The LMR is the ratio of lymphocytes to monocytes and is a 

comprehensive index that may better predict long term prognosis in GCa patients, although the prognostic value will 

remain controversial.  
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Works done in 2013 reported that elevated pre-treatment LMR is associated significantly with favourable survival 

for GCa patients and some other solid cancers[69]. Two other works done in 2014 reported that increases pre-

treatment LMR is associated significantly with poor prognosis in these patients [44], [76]. This works were 

supported by another work done in 2016 where same work were repeated and had same result [105]. In 2015, some 

works observed that increased monocyte counts are associated with poor survival in patients with solid cancer but 

the potential mechanism remains unknown [125]. Another work reported that monocytes inhibit the immune system 

and promote tumour proliferation angiogenesis and progression [114]. In 2013, further works reported that that 

monocytes also inhibit the immune system by releasing cytokines, chemokines and regulates tumour environment 

hence decreasing lymphocyte production causing this decrease in LMR seen in GCa patients. This work is consistent 

with other previous published works on GCa [79]. 

 

In this GCa work, it showed a higher female (52%) prevalence than male (48%) which contradicts other works done 

in Nigeria [28, 29]. Works did in 2011 observed a higher male to female ratio of 1.5:1, 1.8:1 and 1.45:1 respectively 

[30].  In this work, younger age prevalence was observed at age group 21 – 30. A decrease value in all RBC 

parameters and PLT were observed in age group 21 – 30. In the WBC parameters (especially in the ALC) and ESR 

increased values were observed showing that age group 21 – 30 are mostly affected by this cancer. However this 

contradicts earlier works done in other parts of the world and in Nigeria;  age mostly affected 41 – 60 years at Ile – 

Ife for 16 years period, 1980 to 2005[28]; at Lagos, reported peak age as 40 – 59 over 11 years period 2004 to 

2009[29];  at Ibadan, 60-70 years for a period of five years from 2004 to 2009 [30]; Zaria reported no specific age 

range was particularly affected  for 15 years from 1995 to 2009; at Ibadan, 61 – 70 over 19 years period from1990 to 

2008[27]. However studies in 2016 and 2014 reported a higher proportion of female especially in younger adults of 

below 40 years, although the reason for this is not clear [118, 80]. Another work done in 2012 and 2013 potentially 

explained that younger patients more frequently present with advanced and metastatic disease at diagnosis which 

was seen in the CBC and ESR result in this work [103,104]. Younger adults susceptibility works done 1999,2009, 

and 2016, all reported that  21 – 30 years  age group tend to ingest high proportion of red and processed meat, 

smoking, alcohol which are some  of predisposing factors for stomach  cancer[40,46,84].  So this work is the first 

report on prevalence of stomach cancer in younger adults in Nigeria.  

 

Summary, Conclusion and Recommendation:- 

Summary Of Findings 

1. Systemic inflammation and immune response are closely related to cancer prognosis which was observed between 

the CBC and ESR control, pre- chemotherapy and chemotherapy results obtained. 

2. This works proved that pre- chemotherapy ratios of NLR, LMR and PLR should be introduced in clinical practice 

as a routine laboratory tests in order to improve early prognosis.  

3. This work has shown once again that CBC and ESR is still the hallmark of medicine since the result is vital in 

predicting overall survival and monitoring of the therapy given to each patient. 

4. This work observed that these ratios (NLR, LMR and PLR) can be used as inexpensive biomarkers in these 

cancers since these results are easily reproducible and accessible.                                                                                         

 

Conclusion:- 
It is evident that components of CBC count in this study had provide valuable prognostic information in solid cancer 

that are not limited to survival predictions or assessment of diseases progression, but also were important tools when 

evaluating response to treatment. The findings of this work indicate that the use of CBC especially the pre-treatment 

NLR/ LMR/PLR score can be considered a valuable prognostic indicator in patients with these solid cancers. A 

close relationship between NLR/LMR/PLR and cancer progression was also observed in subject with these solid 

cancer. Thus, these ratios may be considered for routine clinical use as reliable and low-cost biomarkers. 

 

Recommendations:- 
1. Further studies is needed to fully understand the underlying biology of this effect of anaemia and to determine if 

reversing the anaemia can improve survival in these solid cancer patients. 

2. Identification of adequate cut-off values in these ratios over a pre- chemotherapy and chemotherapy period of 

time could add more accurate information in the type of therapy for use in these patients. 

3.  Comparison of these ratios with the expression of other inflammatory biomarkers in the blood could help to 

improve prognosis and predictions in these patients. 
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4. Clinical psychologist should be provided to help these patients deal with the trauma and mental issues associated 

the breaking of news or result to these patients. 

5. Awareness programmes should be created to all medical personals on the importance of these ratios for better 

treatment and management of these patients.  

 

Limitation Of The Study 

1. Some of the subjects died during the course of this work.  

2. Follow-up proved difficult due to subjects‟ unavailability for their scheduled chemotherapy         due to economic 

constraints since this is a third world country. 

3. Some of the illiterate patients forgot the scheduled treatment day.   

 

No Conflict of Interest and No Funding 

 

References:- 
1. Orkin S.H., Zon L.I. Hematopoiesis: an evolving paradigm for stem cell biology. Cell. 2008; 132 (4):631–644. 

2. Schofield R .The relationship between the spleen colony-forming cell and the haemopoietic stem cell. Blood 

Cells. 1978; 4 (1–2):7–25. 

3. Morrison S.J., Scadden D.T. The bone marrow niche for haematopoietic stem cells. Nature. 2014; 505 

(7483):327–334. 

4.  Bhattacharya, D., Czechowicz, A., Ooi, A.G., Rossi, D.J., Bryder, D., Weissman I.L . Niche recycling through 

division-independent egress of hematopoietic stem cells. Journal of Experimental Medicine. 2009; 206 

(12):2837–2850.  

5. Zhao J.L., Ma C., O‟Connell R.M,, et al . Conversion of danger signals into cytokine signals by hematopoietic 

stem and progenitor cells for regulation of stress-induced haematopoiesis. Cell Stem Cell.2014; 14 (4):445–459.  

6. Gabrilovich D.I, Nagaraji S. . Myeloid-derived suppressor cells as regulators of the   immune system. Nature 

Review Immunology. 2013; 9(3):162–174.  

7. Cortez-Retamozo V, Etzrodt M, Newton A, et al . Angiotensin II drives the production of tumor-promoting 

macrophages. Immunity. 2013; 38 (2):296–308.  

8. Cortez-Retamozo V, Etzrodt M, Newton A, et al. Origins of tumor-associated macrophages and neutrophils. 

Proc Natl Acad Sci USA 2012; 109 (7):2491–2496. 

9. Cheng H and Cheng T. „Waterloo‟: when normal blood cells meet leukemias. Current Opinion on Haematology. 

2016; 23 (4):304–310. 

10. Gomez D, Farid S, Malik H.Z., et al. Preoperative neutrophil-to-lymphocyte ratio as a   

      prognostic predictor after curative resection for hepatocellular carcinoma. World Journal                                      

      on Surgery. 2008; 32 (8):1757–1762. 

Wu W.C., Sun H.W., Chen H.T., et al . Circulating hematopoietic stem and progenitor               

 cells are myeloid-biased in cancer patients. Proctor Natland Acadamicia  Science USA. 2014 ; 111(11):4221–4226. 

12. Grivennikov S.I, Greten F.R, Karin M . “Immunity, inflammation, and   

      cancer,” Cell. 2010;  (140) 6:883–899.  

13. Gabrilovich D.I, Nagaraji S. Myeloid-derived suppressor cells as regulators of the            

      immune system. Nature Review Immunology. 2013; 9(3):162–174. 

14. Gabitass R.F, Annels N.E, Stocken D.D, Pandha H.A, Middleton G.W . Elevated                                                              

      myeloid- derived suppressor cells in pancreatic, esophageal and gastric cancer are an   

      independent  prognostic factor and are associated with significant elevation of        

      the Th2 cytokine interleukin-13. Cancer Immunology Immunotherapy. 2011; 60(10):1419–  

       1430. 

15. Balampas , P., Michel, Y., Wagenblast, J . Tumour-infiltrating lymphocytes predict   

     response to definitive chemoradiotherapy in head and neck cancer. British Journal of Cancer.   

     2014; 110(2):501–509.  

16. Dumitru C.A, Fechner M.K, Hoffmann T.K, Lang S, Brandau S. A novel p38-  

      MAPK signaling axis modulates neutrophil biology in head and neck cancer.  

      Journal Leukocyte Biology. 2012; 91(4):591–598.  

17.  http://www.cancer.gov/types/stomach. 

18. David Thurnham, Christina Northrop-Clewes. "Biomarkers for the differentiation of anemia 

        and their clinical usefulness", Journal of Blood Medicine, 2013 

19.Chang A.H, Parsonnet J. "Role of bacteria in oncogenesis". Clinical Microbiology   

http://www.cancer.gov/types/stomach
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2952975


ISSN: 2320-5407                                                                             Int. J. Adv. Res. 13(01), 932-957 

952 

 

      Reviews. 2010; 23 (4): 837–857 

20.World Health Organization . World Cancer Report. 2013;( 1).1-5.  

21.Wagner A.D, Syn N.L, Moehler M, Grothe W, Yong W.P, Tai BC, Ho J, Unverzagt S   

       "Chemotherapy for advanced gastric cancer". The Cochrane Database of Systematic   

       Reviews. 2017; 8: CD004064.  

22 Orditura M, Galizia G, Sforza V, Gambardella V, Fabozzi A, Laterza M.M                  

     "Treatment of gastric cancer". World Journal of Gastroenterology. 2014; 20 (7): 1635–1649. 

23. Global Burden of Diseases (GBD) . Disease and Injury Incidence and Prevalence,   

      Collaborators.  "Global, regional, and national incidence, prevalence, and years   

      lived with disability for 310  diseases and injuries, 1990–2015: a systematic   

      analysis for the Global Burden of Disease Study . Lancet. 2016; 388 (10053):  

      1545–1602. 

24.World Health Organization . World Cancer Report. 2015 ;( 12): 5.4-5.8. 

25.Khleif, Roland T. Skeel, Samir N. Handbook of cancer chemotherapy(8th ed.).   

      Philadelphia: Wolter Kluwer. 2011; p. 127.  

26.Moore, Rhonda J., Spiegel, David . Cancer, culture, and communication. New York:                

      Kluwer  Academic. 2004; 139-141.  

27. McLoughlin J.M. Adenocarcinoma of the stomach: a review. BUMC Proceedings;  

      2014; 17; 391- 399.  

28. Irabor D.O. Ethnic differences in colon and rectal cancer incidence in Nigeria: A   

      case of  dietary determinants? Annals of Nigeria Medicine. 2012; 6:71-74 

29. Alatise, O.I., Lawal, O.O., Adesunkanmi, A.K., Agbakwuru, A.E., Arigbabu, O.A.,   

      Ndububa, D.A . Clinical pattern and management of gastric cancer in Ile-Ife, Nigeria.   

      Arab Journal of Gastroenterology. 2007; 8; 123-126. 

30. Abdulkareem, F.B., Faduyil, F.A., Daramola, A.O., Rotimi, O., Banjo, A.A.F., Elesha, S.O   

      Malignant gastrointestinal tumours in southwest Nigeria: A histopathological analysis of 713   

      cases. West African Journal of Medicine. 2009 ;28:173-176. 

31. Afuwape, O.O., Irabor, D.O., Ladipo, J.K., Ayandipo, B (2011). A review of the current   

      profile of  gastric cancer presentation in the University College Hospital Ibadan; a   

      tertiary health  care institution in the tropics. Journal of Gastrointestinal Cancer. 28; 10–12. 

32. Komolafe A.O, Ojo O.S, Olasode B.J.  Gastric malignancies and associated   

      premalignant lesions in a teaching hospital in southwest Nigeria. African Journal   

      of Biotechnology. 2008; 7: 2104-2111.  

33. Ahmed, A., Ukwenya, A.Y., Makama, J.G., Mohammed, I. Management and outcome   

      of gastric cancer in Zaria, Nigeria. African Health Science. 2011; 11; 353-361. 

34. Lee M.Y, Lottsfeldt J.L. Augmentation of neutrophilic granulocyte progenitors in   

      the bone marrow of mice with tumor-induced neutrophilia: cytochemical study of   

      in vitro colonies. Blood. 2014; 64(2):499–506.  

34. Derakhshan M.H, Liptrot S, Paul J, Brown I.L, Morrison D, McColl K.E   

      Oesophageal and gastric intestinal-type adenocarcinomas show the same   

      male predominance due to a 17 year  delayed development in females. Gut. 2009; 58:16-23. 

35. Lee Y.J, Lee S.B, Beak S.K, Han Y.D, Cho M.S, Hur H .Temporal changes in   

      immune cell composition and cytokines in response to chemoradiation in rectal   

      cancer. Scientific reports. 2018; 8(1):7565.  

36. Chang R, Wong G.Y . Prognostic significance of marked leukocytosis in hospitalized   

      patients. Journal of General Internal Medicine. 2011; 6:199–203. 

37.Knaus W.A, Wagner D.P, Draper E.A.  The APACHE III prognostic system. Risk   

      prediction of  hospital mortality for critically ill hospitalized adults. Chest . 2010;  

      100:1619–1636. 

38. Spivak J.L. The anaemia of cancer: death by a thousand cuts.  

      National Review on Cancer. 2005; 5:543-555. 

39. Birgegård G, Aapro M.S, Bokemeyer C. Cancer-related anemia: pathogenesis,   

      prevalence and  treatment. Oncology. 2005; 68(suppl 1):3-11. 

40. Smith J, Soloway M, Young M. Complications of advanced prostate   

      cancer. Urology. 2009;54(supplementary 6A):8–14. 

41. NCCN . Clinical Practice Guidelines in Oncology. Cancer- and Chemotherapy-  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6483552
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3930964
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055577
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055577
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055577
https://books.google.com/books?id=6Nz_87OLrtcC&pg=PA127
https://books.google.com/books?id=kHLlOePrWgYC&pg=PA139


ISSN: 2320-5407                                                                             Int. J. Adv. Res. 13(01), 932-957 

953 

 

      Induced Anemia. Version 2. National Comprehensive Cancer Network . 2011 

42. Bridges K.R, Pearson H.A. Cancer and anemia. In: Bridges KR, Pearson HA,   

      (Ed). Anemias and Other Red Cell Disorders. New York, NY: McGraw-Hill Medical   

      Publishing Division. 2008; PP.  58-80. 

43. Marks P.W, Rosenthal, D.S. Hematologic manifestations of systemic disease:   

       infection, Chronic  inflammation, and cancer. In: Hoffman R, Benz EJ, Shattil SJ, et al,   

       eds. Hematology: Basic Principles and Practice. 5th ed. Philadelphia, PA: Churchill   

         Livingstone Elsevier. 2009; 2309-2319 

44. Ludwig H, Van Belle S, Barrett-Lee P. The European Cancer Anaemia Survey   

      (ECAS): a large, multinational, prospective survey defining the prevalence, incidence, and   

       treatment of  anaemia in cancer patient. European Journal of Cancer. 2004;40:2293-2306. 

45. Barrett-Lee, P.J., Ludwig, H., Birgegård, G.  For European Cancer Anaemia Survey   

      Advisory Board and Participating Centers. Independent risk factors for anemia in      

      Cancer patients receiving chemotherapy: results from the European Cancer   

      Anaemia Survey.  Oncology. 2006; 70:34-48. 

46. Groopman J.E, Itri L.M. Chemotherapy-induced anemia in adults: incidence and   

      treatment. Journal of  Netherlands Cancer Institute. 1999; 91:1616-1634. 

47. Kaushansky K, Kipps T.J.  Hematopoietic agents: growth factors, minerals, and   

     vitamins.In: Brunton LL, Lazo JS, Parker KL, eds. Goodman & Gilman‟s The   

     Pharmacological Basis of  Therapeutics. 11th Ed. New York, NY: The McGraw    

     Hill Companies. 2005; PP. 11-15. 

48. Guyton A.C, Hall J.E. Red blood cells, anemia, and polycythemia. In: Guyton AC,    

      Hall JE, eds. Textbook of Medical Physiology. 11th ed. Philadelphia, PA:   

      Elsevier Saunders:  2006; 419-428. 

49. Fuso L, Mazzola S, Marocco F. Pretreatment serum hemoglobin level as a predictive   

      factor of response to neoadjuvant chemotherapy in patients with locally advanced   

       squamous cervical carcinoma: a preliminary report, Gynecology Oncology. 2005;                  

       99(3, Suppl. 1):S187–S191. 

50. Serkies K, Badzio A, Jassem J. Clinical relevance of hemoglobin level in cervical   

      cancer  patients administered definitive radiotherapy, Acta Oncology. 2006; 45(6):695–701. 

51. Berardi, R., Brunelli, A., Tamburrano, T. Perioperative anemia and blood   

      transfusions as prognostic factors in patients undergoing resection for non-small   

      cell lung cancers, Lung  Cancer. 2015; 49(3):371–376. 

52. Liu, S; Ren, J; Han, G; Wang, G; Gu, G; Xia, Q; Li, J. "Mean platelet volume: a                               

      controversial marker of disease activity in Crohn's disease". European Journal of   

      Medical Research. 2012; 17: 27-30.  

53. Evans T.C and  Jehle D. "The red blood cell distribution width". Journal of   

       Emergency Medicine. 2011; 9 Suppl 1: 71–74. 

54. Perkins S.L. Examination of blood and bone marrow. In: Greer J.P; Foerster J,   

      Lukens  J.N; Rodgers G.M; Paraksevas F, Glader B.E; editors. Wintrobe‟s Clinical   

      Haematology. 11th edn. Salt Lake City: Lippincott Wilkins & Williams. 2003; PP. 5–25 

55. Morris M and  Davey F.R. Basic examination of blood. In: Henry JB, editor. Clinical   

      diagnosis and management by laboratory methods. 20th Edition. Philadelphia: W.B.   

      Saunders Company. 2001;  PP. 12-15  

56.  Förhécz Z, Gombos T, Borgulya G, et al. Red cell distribution width in heart failure:   

       prediction of clinical events and relationship with markers of ineffective   

       erythropoiesis, inflammation, renal function, and nutritional state. America Heart   

       Jorunal. 2009; 158:659-666. 

57. Riedl, J. et al. Red cell distribution width and other red blood cell parameters in   

       patients with cancer: association with risk of venous thromboembolism and mortality. PLoS     

       One 9, e111440. 2014;  doi: 10.1371/journal.pone.0111440  

58. Xie, D. et al. Nomograms Predict Overall Survival for Patients with Small-Cell Lung   

      Cancer Incorporating Pretreatment Peripheral Blood Markers.  Journal of Thoracic   

      Oncology. 2015;10, 1213–1220,  

59. Bilgin B; Sendur M.A; Hizal M; Dede D.S; Akinci M.B; Kandil S.U; et al.   

      Prognostic effect of red cell distribution width-to-platelet ratio in colorectal cancer   

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3519557
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3519557


ISSN: 2320-5407                                                                             Int. J. Adv. Res. 13(01), 932-957 

954 

 

      according to tumor stage and localization. Journal of Cancer Research Therapy.  

      2019; 15:54–60.  

60. Pietrzyk L; Plewa Z; Denisow-Pietrzyk M; Zebrowski R; Torres K. Diagnostic   

      Power of Blood Parameters as Screening Markers in Gastric Cancer Patients.  

      Asian Pacific Journal of Cancer Preview. 2016; 17:4433-4437.   

61. Patel K.V; Semba R.D; Ferrucci L, et al. Red cell distribution width and mortality in   

      older adults: a metaanalysis. Journal of Gerontology A Biology Science Medical   

      Sciences. 2009; 65, 258-265. 

62. Rhodes C.; Howard L.S; Busbridge M et al . Iron deficiency and raised hepcidin in   

      idiopathic pulmonary arterial hypertension: clinical prevalence, outcomes, and   

      mechanistic insights. Journal of American College of Cardiology. 2011; 58, 300–309. 

63. Evrim K.A., Selen K., Murat T., Muhammet Y.A., Ferdane P.S. et al. The importance of   

      complete blood count parameters in the screening of gastric cancer. Gastroenterology. 

      2019; 14(3): 183-187 

64. Speights V.O; Johnson M.W; Stoltenberg P.H; et al. Complete blood count indices in   

      colorectal carcinoma. Achieves of Pathological Laboratory Medicine. 1992; 116, 258-260 

65. Ozkalemkas F; Ali R, Ozkocaman V, et al. The bone marrow aspirate and biopsy in   

      the diagnosis of unsuspected nonhematologic malignancy: a clinical study of 19 cases.   

      British Medical Council Cancer. 2005; 5, 144-146.  

66. Spell DW, Jones DV, Jr., Harper WF, et al. The value of a complete blood count in   

      predicting cancer of the colon. Cancer Detect Preview. 2004; 28, 37-42.  

67. Baicus, C., Caraiola, S., Rimbas, M.  Utility of routine hematological and   

      inflammation parameters for the diagnosis of cancer in involuntary weight loss.  

      Journal of Investigative Medicine. 2011; 59: 951-955. 

68. Beyazit, Y., Kekilli, M., Ibis, M. et al. Can red cell distribution width help to   

      discriminate benign from malignant biliary obstruction? A retrospective single center   

       analysis. Hepatogastroenterology. 2012; 59:1469-1473.  

69. Seretis C; Seretis F; Lagoudianakis E, et al. Is red cell distribution width a novel   

      biomarker of breast cancer activity? data from a pilot study. Journal of Clinical Medical   

      Research. 2013; 5: 121-126.  

70. Fock K.M., Review article: the epidemiology and prevention of gastric cancer. Aliment   

      Pharmacology Therapy. 2014; 40: 250-260. 

71. Grimm R.H.J.R, Neaton J.D, Ludwig W . Prognostic importance of the white blood    

      cell count for coronary, cancer, and all-cause mortality. Journal of American                 

      Medical Association. 2015; 254:1932–1937.  

72. Ruckner H.W, Lavin T, Plaxe S.C, Stroch J.A, Livstone E.M. Absolute Granulocyte,         

      lymphocyte, and monocyte counts. useful determinants of prognosis for patients with   

      metastatic Cancer of the stomach. Journal of American Medical Association;  

      2012; 24(7):1004–1006.  

73. Sasaki A, Kai S, Endo Y. Prognostic value of preoperative peripheral blood   

      Monocyte count in patients with colorectal liver metastasis after liver resection.  

      Journal of Gastrointestinal Surgery. 2017; 11:596–602. 

74. Aliustaoglu, M., Bilici, A., Ustaalioglu, B.B., Konya, V., Gucun, M., Seker, M. The   

      effect of peripheral blood values on prognosis of patients with locally advanced gastric   

      cancer before  treatment. Medical Oncology. 2010; 27:1060–1065. 

75. Hamashima C., Current issues and future perspectives of gastric cancer screening. World   

      Journal Gastroentrology. 2014; 13467-13474.  

76. Erlinger, T. P., Muntner, P. & Helzlsouer, K. J.  WBC count and the risk of cancer   

      mortality in a national sample of U.S. adults: results from the Second National   

      Health and Nutrition  Examination Survey mortality study. Cancer Epidemiology   

      Biomarkers  Previous. 2014; 13: 1052–1056. 

77. Margolis, K. L., Rodabough, R. J., Thomson, C. A., Lopez, A. M, McTiernan,   

      A. Prospective study of leukocyte count as a predictor of incident breast,   

      colorectal, endometrial, and lung cancer and mortality in postmenopausal women.  

      Archives Internal Medicine. 2017; 167:1837–1844. 

78. Allin, K. H., Bojesen, S. E. and Nordestgaard, B. G.  Inflammatory biomarkers and   



ISSN: 2320-5407                                                                             Int. J. Adv. Res. 13(01), 932-957 

955 

 

      risk of  cancer in 84,000 individuals from the general population. International   

      Journal of   Cancer .2016; 139:1493–1500. 

79. Jamieson T, Clarke M, Steele CW, et al. Inhibition of CXCR2 profoundly   

      suppresses inflammation-driven and spontaneous tumorigenesis.  

      Journal Clinical Invest. 2012; 122:3127–144. 

80. Fridlender Z.G, Sun J, Kim S. Polarization of tumor-associated neutrophil                

      phenotype by TGF-beta: “N1” versus “N2” TAN. Cancer Cell. 2009; 16:183–194. 

81. Hanahan D, Weinberg RA (2011). "Hallmarks of cancer: the next generation". Cell;   

     2011;144:(5): 646–674. 

82. Pollard J.W., Tumour-educated macrophages promote tumour progression and metastasis.   

      Nat. Rev. Cancer. 2004; 4:71-75  

83. Leibowitz-Amit, R., Templeton, A.O., Aurelius.,  Pezaro., Carmel. et al. (2014). Clinical   

     variables associated with PSA response to abiraterone acetate in patients with metastatic     

     castration-resistant prostate cancer. Annals of oncology : official journal of the European     

      Society for Medical Oncology / ESMO. 25. 10.1093/annonc/mdt581 

84. Templeton AJ, McNamara MG, Seruga B, et al. Prognostic role of neutrophil-to-lymphocyte    

      ratio in solid tumors: a systematic review and meta-analysis. J Natl Cancer Inst.   

     2014;106:dju124. 

85. Jablonska J.,Lang S.,Sionov R.V.The regulation of pre-metastatic niche formation   

      by  neutrophils. Oncotarget. 2017; 8:112132–112144. 

86. Shitara K.,Matsuo K.,Oze I.(2011). Meta-analysis of neutropenia or leukopenia as a    

      prognostic factor in patients with malignant disease undergoing chemotherapy. Cancer   

      Chemotherapy  Pharmacology. 2011; 68:301–307. 

87. McGary C. T., Miele M. E., Welch D. R. Highly metastatic 13762NF rat mammary   

      adenocarcinoma cell clones stimulate bone marrow by secretion of granulocyte-  

      macrophage   colony-stimulating factor/interleukin-3 activity. The American Journal of   

      Pathology. 2015; 147(6):1668–1681. 

88. Goubran H.A., Stakiw J., Radosevic M., Burnout J., Platelet-count interactions. Semina.   

       Thromb. Hemost. 2014; 40:296-305. 

89.  Atzpodien, J., Reitz M. Peripheral blood neutrophils as independent immunologic   

       predictor of response and long-term survival upon immunotherapy in metastatic   

       renal- cell carcinoma. Cancer Biotherapy and Radiopharmaceuticals. 2008;              

       23(1):129–134.  

90. Ocana, A., Nieto-Jiménez, C., Pandiella, A. et al. Neutrophils in cancer: prognostic role and   

       therapeutic strategies. Mol Cancer 16, 137 (2017).  

90. Reid M. D., Basturk O., Thirabanjasak D. Tumor-infiltrating neutrophils in pancreatic   

       neoplasia. Modern Pathology. 2011; 24(12):1612–1619. 

91. Jensen H.K, Donskov F, Marcussen N. Presence of intratumoral neutrophils is   

      an independent prognostic factor in localized renal cell carcinoma. Journal     

      Clinical Oncology. 2009; 27:4709–4717. 

92. Kohrt, H, Nouri N,  Nowels K,  Johnson D, Holmes S and  Lee P.P. “Profile of   

      immune cells in axillary lymph nodes predicts disease-free survival in breast   

      cancer,” PLoS Medicine. 2005; 2(9): 0904–0919. 

93. Klemi, P.J; Pylkkänen,L;  Kiilholma,P;  Kurvinen,K and  Joensuu,H. “p53   

      Protein detected by immunohistochemistry as a prognostic factor in patients with   

      epithelial ovarian carcinoma,” Cancer. 2005; 76; 7: 1201–1208. 

94. Wang Y.C, Yang S, Tzen C.Y, Lin C.C, Lin J. Renal cell carcinoma producing   

       granulocyte colony-stimulating factor. Journal of Formos Medical Association.2007; 

      105: 414-417. 

95. Anderson, M.J., Shafer-Weaver, K., Greenberg, N.M and Hurwitz, M.A.   

      “Tolerization of tumor-specific T cells despite efficient initial priming in a primary   

       murine model of  prostate cancer,” Journal of Immunology. 2007;178: 1268–1276. 

96. Dougan, M and Dranoff, G. “The immune response to tumors,” Current   

      Protocols in Immunology. 2009; 85; 20.11.1–20.11.4. 

97. Gavalas NG, Karadimou A, Dimopoulos MA, Bamias A. Immune response in ovarian   

     cancer: how is the immune system involved in prognosis and therapy: potential for treatment   



ISSN: 2320-5407                                                                             Int. J. Adv. Res. 13(01), 932-957 

956 

 

     utilization. Clin Dev Immunol. 2010;2010:791603. doi: 10.1155/2010/791603. Epub 2011 Jan                     

     24. PMID: 21318181; PMCID: PMC3034919. 

98. Papatestas A.E, Lesnick G.J, Genkins G, Aufses A.H Jr . The prognostic significance of   

       peripheral lymphocyte counts in patients with breast carcinoma. Cancer. 2016;37:164–168. 

99. Sasaki A, Kai S, Endo Y. Prognostic value of preoperative peripheral blood   

      monocyte count in patients with colorectal liver metastasis after liver resection, Journal of    

      Gastrointestinal  Surgery. 2007;11(5):596–602. 

100. Bishara S, Griffin M, Cargill A. Pre-treatment white blood cell subtypes as   

        prognostic indicators in ovarian cancer.European Journal Obstetric Gynecology      

        Reproduction  Biology. 2008;138(1):71–75. 

101. Pedersen L.M, Milan N. Prognostic significance of thrombocytosis in patients with   

        primary lung cancer. European Respiratory Journal. 2016;9:1826–1830.  

102. Shimada H,Oohira G, Okazumi S.I. “Thrombocytosis associated with poor prognosis   

        in patients with esophageal carcinoma,” Journal of the American College of Surgeons.   

        2014; (198):5: 737–741.  

103. Stone, R.L, Nick, A.M, McNeish, I.A. “Paraneoplastic thrombocytosis in ovarian   

        cancer,” The  New England Journal of Medicine. 2012;(366), 7: 610–618.  

104. Taucher, S., Salat, A., Gnant, M (2013) “Impact of pretreatment thrombocytosis on survival   

         in primary breast cancer,” Thrombosis and Haemostasis. 2013; ( 89) 6: 1098–1106.  

105. Sylman J.L; Mitrugno A; Tormoen G.W; Wagner T.H; Mallick P; McCarty O.J.   

        “Platelet count as a predictor of metastasis and venous thromboembolism in patients with   

         cancer,” Convergent Science Physical Oncology. 2017; 3: 2-5. 

106. Nieder C, Haukland E, Pawinski A, Dalhaug A. Anaemia and thrombocytopenia in   

        patients with prostate cancer and bone metastases. Biomedical Central Cancer.2010;  

        10:284-286.  

107. Spivack M, Brenner S.M, Markham M.J, Snyder E.L, Berkowitz D. Presumed    

        immune  thrombocytopenia and carcinoma: report of three cases and review of the   

        literature. American Journal of  Medical Sciences. 2009;278:153–156. 

108. Pedio G, Ruttner J.R, Odermatt B, Gut D (2014). Oncogenic viruses in the   

        thrombocytopenic stage of experimental hipa–plasmacytoma. Experientia.  

        2014; 30:289–291.  

109. Gasparyan A.Y; Ayvazyan L, Mikhailidis D.P; Kitas G.D (2011). Mean platelet volume: a   

        link  between thrombosis and inflammation. Current Pharmarcy Des. 2011;17:47–58. 

110. Thompson, C.B; and Jakubowski, J.A (2018). “The pathophysiology and clinical relevance   

        of platelet heterogeneity,” Blood. 2108;72 (1);  1–8. 

111. Wu YF, Chu SC, Chang BS, Cheng YT, Wang TF. Hematologic Markers as Prognostic   

        Factors in Nonmetastatic Esophageal Cancer Patients under Concurrent   

        Chemoradiotherapy. Biomed Res Int. 2019 Jan 29;2019:1263050. 

112. Panasiuk, A (2011) “Płytki krwi w przewlekłych chorobach wątroby,” Medical Science   

        Review –Hepatologia.  2011;11, pp. 83–86.  

113. Delago, D., Knittelfelder, O., Jakse, G. et al. The decreased mean platelet volume is                       

        associated with poor prognosis in patients with oropharyngeal cancer treated with     

        radiotherapy. Radiat Oncol 15, 259 (2020).  

114. Shen X.M; Xia Y.Y; Lian L, Zhou C; Li X.L; Han S.G, et al. Mean platelet volume   

        provides beneficial diagnostic and prognostic information for patients with                                      

        resectable gastric cancer. Oncology Letter. 2016; 12:2501–2506. 

115. Kumagai S, Tokuno J, Ueda Y, Marumo S, Shoji T, Nishimura T, et al. Prognostic   

        significance of preoperative mean platelet volume in resected non-small cell lung   

        cancer. Molecular Clinical Oncology. 2015; 3:197–201. 

116. Wang J, Liu Y, Zhang N, Li X, Xin P, Bi J, Kong C. Prognostic role of pre-   

         treatment  platelet to lymphocyte ratio in urologic cancer. Oncotarget. 2017;8(41):70874–  

         70882 

117. Brenner, H; Rothenbacher, D and. Arndt, V. “Epidemiology of stomach   

        cancer,” Methods in Molecular Biology. 2009; 472; 467–477. 

118. Kılınçalp, S; Ekiz, F; Başar, Ö. et al. “Mean platelet volume could be possible   

        biomarker in early diagnosis and monitoring of gastric cancer,” Platelets.2013;                      



ISSN: 2320-5407                                                                             Int. J. Adv. Res. 13(01), 932-957 

957 

 

        25( 8); 592–594. 

119. Korniluk A, Koper-Lenkiewicz OM, Kamińska J, Kemona H, Dymicka-Piekarska V. Mean   

       Platelet Volume (MPV): New Perspectives for an Old Marker in the Course and Prognosis   

       of Inflammatory Conditions. Mediators Inflamm. 2019 Apr 17;2019: 9213074.  

120. Kim, D.K; Oh, S.Y; Kwon, H.C et al. “Clinical significances of preoperative serum   

        interleukin-6 and C-reactive protein level in operable gastric cancer,”  

        BMC Cancer: 2016; 9( 1) 155. 

121. Matowicka-Karna, J; Kamocki, Z; Polińska, B; Osada, J and Kemona, H. “Platelets   

        and inflammatory markers in patients with gastric cancer,” Clinical and   

        Developmental Immunology, vol. 2013, Article ID 401623, 6 pages. 

122. Bochen K, Krasowska A, Milaniuk S, Kulczynska M, Prystupa A, Dzida G.   

        Erythrocyte sedimentation rate-an old marker with new applications.  

        Journal of Pre-Clinical Clinical Research. 2011; 5:50–55. 

123. Choi E.S, Kim H.S, Han I. Elevated preoperative systemic inflammatory markers    

         predict poor  outcome in localized soft tissue sarcoma. Annual Surgery Oncology.  

         2014; 21:778–785.   

124. Strojnik T, Smigoc T, Lah T.T. Prognostic value of erythrocyte sedimentation rate   

        and C- reactive protein in the blood of patients with glioma. Anticancer Research;   

        2014;34:339–347 

125. Sengupta S, Lohse C.M, Cheville J.C, Leibovich B.C, Thompson R.H, Webster W.S, Frank   

        I, Zincke H, Blute M.L, Kwon E.D. The preoperative erythrocyte sedimentation rate   

        is an independent prognostic factor in renal cell carcinoma. Cancer. 2006;  106:304–312. 

126. Chen Z, Malhotra P.S, Thomas G.R, Ondrey F.G, Duffey D.C, Smith C.W, Enamorado   

        I,  Yeh N.T, Kroog G.S, Rudy S. Expression of proinflammatory and   

        Proangiogenic cytokines in patients with head and neck cancer. Clinical Cancer   

        Research. 2009; 5:1369–1379.  

126. Eboreime O, Atoe K, Idemudia J.O. Erythrocyte sedimentation rate and C-reactive   

        protein levels in breast cancer patients in Benin City, Nigeria. Journal Dentist   

        Medical  Science. 2015; 14:116–119. 


