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                                                    Abstract  

This was a case control study conducted at Khartoum hospital during the period from 

April to October 2022, aimed to measure D-dimer, platelets count and indices, and platelet 

to lymphocyte ratio among Sudanese patients of prostate cancer in Khartoum state. A total 

of 100 subjects were involved in this study, 50 prostate cancer patients as cases and 50 

healthy volunteers as control (1:1) matched age and sex. Data were collected using a pre-

structured questionnaire filled by direct interview with participants. Venous blood (4.3 ml) 

was collected from each participant and distributed in two containers, 2.5 ml  EDTA 

sample was analyzed by Sysmex automated hematology analyzer for measurement of 

complete blood count and 1.8 ml in trisodium citrate containers for measuring D- dimer 

level. Data were analyzed by statistical of package social science (SPSS), version 25. The 

statistical analysis was performed by using independent t-test and chi-square test (A P-

value of < 0.05 was considered significant). Result showed that D-dimer level was 

significantly increased in patients with  prostate cancer compared with control group 

(1.72µg/ml) and (0.18±0.07) with P-value (0.00), MPV, PDW, PLCR and PCT were 

significantly higher in prostate cancer patients compared with control means (10.20±0.88 

fl) vs. (8.06±0.81 fl), (11.81±2.06 fl) vs. (10.49±1.04fl), (26.61±7.15%) vs. 

(14.64±5.17%) and (0.26±0.10%) vs. (0.19±0.04%) respectively, (P value = 0.00). There 

was no significant difference between two groups in regard to platelets count, PLR (p-

value >0.05). The study also showed that patients who received chemotherapy had higher 

PDW (p-value 0.05).  

In conclusion, patients with prostate cancer had higher plasma D-dimer level, MPV, 

PDW, PCT and PLCR. PDW were higher in prostate cancer patients receiving 

chemotherapy.  
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       مستخلصال                                                   

، حٓذف إنٗ لٛاط ،  2022ْزِ دساعت حانت شٕاْذ أجشٚج فٙ يغخشفٗ انخشطٕو خلال انفخشة يٍ أبشٚم إنٗ أكخٕبش 

انذيٕٚت إنٗ انخلاٚا انهًٛفأٚت بٍٛ يشضٗ عشطاٌ انبشٔعخاحا ػذد انصفائح انذيٕٚت ٔيؤششاحٓا ، َٔغبت انصفائح 

يشٚضًا بغشطاٌ انبشٔعخاحا  50 شخص فٙ ْزِ انذساعت ، 100جًٕػّ انغٕداٍَٛٛ فٙ ٔلاٚت انخشطٕو. حى إششان يا ي

ا كًجًٕػت ححكى ) 50كحالاث ٔ  ًً انؼًش ٔانجُظ. حى جًغ انبٛاَاث باعخخذاو اعخبٛاٌ فٙ ( يخطابمت 1: 1يخطٕػًا عهٛ

يم( يٍ كم يشاسن ٔٔصع فٙ ػبٕحٍٛ  4.3يُظى يغبمًا يًهٕء بًمابهت يباششة يغ انًشاسكٍٛ. حى جًغ انذو انٕسٚذ٘ )

يم فٙ حأٚاث عخشاث انصٕدٕٚو  1.1بٕاعطت يحهم انذو نمٛاط حؼذاد انذو انكايم ٔ  EDTAيم يٍ  2.5، حى ححهٛم 

. حى 25( ، الإصذاس SPSSًٚش. حى ححهٛم انبٛاَاث بٕاعطت إحصائٛت حضيت انؼهٕو الاجخًاػٛت )اد -د٘يغخٕٖ  نمٛاط

راث 0.05 الاحخًال ألم يٍ انًغخمم ٔاخخباس يشبغ كا٘ )اػخبشث لًٛت tإجشاء انخحهٛم الإحصائٙ باعخخذاو اخخباس 

م يهحٕظ فٙ يشضٗ عشطاٌ انبشٔعخاحا يماسَت يغ صاد بشكد٘ داًٚش (. أظٓشث انُخائج أٌ يغخٕٖ اًْٛت احصائٛت

كاَج يؤششاث انصفائح انذيٕٚت ،  P (0.00)( بمًٛت .0.0±  0.11يٛكشٔغشاو / يم( ٔ ) 2..1يجًٕػت انخحكى )

، )لًٛت الاحخًال = يغ يجًٕػت انخحكى يماسَت اأػهٗ بشكم يهحٕظ فٙ انًشضٗ انزٍٚ ٚؼإٌَ يٍ عشطاٌ انبشٔعخاح

ٔ َغبت انصفائح انذيٕٚت انٗ انخلاٚا ُان فشق كبٛش بٍٛ يجًٕػخٍٛ فًٛا ٚخؼهك بؼذد انصفائح انذيٕٚت (. نى ٚكٍ 0.00ْ

(. أظٓشث انذساعت أٚضًا أٌ انًشضٗ انزٍٚ حهمٕا ػلاجًا كًٛٛائًٛا كاٌ نذٚٓى اسحفاع فٙ p> 0.05)لًٛت انهًٛفأٚت 

 (.p 0.05)لًٛت ػشض حٕصٚغ انصفائح انذيٕٚت 

يؤششاث ٔ د٘ داًٚش يغخٕٖ أػهٗ فٙ انبلاصيا  نذٚٓى انًشضٗ انًصابٍٛ بغشطاٌ انبشٔعخاث اٌ اشاسث انًحصهت

أػهٗ فٙ يشضٗ عشطاٌ انبشٔعخاحا انزٍٚ ٚخهمٌٕ انصفائح انذيٕٚت. ٔ اٚضا ػشض حٕصٚغ انصفائح انذيٕٚت كاٌ 

 انؼلاج انكًٛٛائٙ.
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Chapter I 

                                                             1. Introduction 

1.1 Introduction 

Cancer is considered one of the leading causes of morbidity and mortality, throughout the 

world, with approximately 19.3 million new cases in 2020; this number is expected to be 

28.4 million cases in 2040 which represent about 47% rise from 2020; with 

approximately 10.0 million cancer deaths occurred in 2020 that make cancer the second 

most common cause of death globally (Sung et al., 2021). 

Prostate cancer is the second most common cancer among men worldwide and has 

become a significant health problem in both developed and developing countries 

(Caliskan and Sungur, 2017). 

Prostate cancer is the fourth leading cause of death in men worldwide, although prostate 

cancer can be managed in the early stages by surgical intervention or radiation, with time; 

approximately 7.0% of cases of prostate cancer metastasize and progress to castration-

resistant cancer, even with aggressive hormone deprivation therapy. The prognosis is 

poor in men with distant metastases of prostate cancer, in which bone is the most 

common site of involvement (Sağlam and Çimen, 2021). 

Recent investigations showed that platelets play critical roles in mediating the growth, 

dissemination, and angiogenesis of cancer cells (Sharma et al., 2014). Activated platelets 

are associated with cancer progression and metastasis (Goubran et al., 2014). Mean 

platelet volume (MPV) and platelet distribution width (PDW) are markers of activated 

platelets and are associated with gastric cancer, ovarian cancer, lung cancer, colon cancer, 

and breast cancer (Yin et al., 2020). MPV and PDW have been shown to have diagnostic 

values for these cancers. Several studies also revealed the association of MPV and PDW 

with prostate cancer, reported that decreased MPV and increased PDW were found in 

patients with prostate cancer, concluded that MPV and PDW combined with PSA could 

differentiate PCa patients (Fukuokaya et al., 2020). 

Cancer patients may have increased risk of thrombosis and may be associated with high 

levels of coagulation markers such as fibrinogen and D- dimer as thrombogenesis 
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markers, although the activation of coagulation cascade contributes to tumor progression 

and metastasis, cancers induce a hypercoagulable state that promotes venous 

thromboembolism (VTE), which is a frequent complication and a leading cause of 

morbidity and death in patients with cancer (Posch et al., 2020), D-dimer is a degradation 

product of fibrin which is produced by plasmin-induced fibrinolysis, high level of D-

dimer is a prognostic factor associated with increased mortality risk in patients with brain 

tumors, lymphomas, and breast, lung, stomach, colorectal, pancreatic, and prostate 

cancers (Çalışkan and Sungur, 2017). 

Inflammation and immunity response play a critical role in most chronic diseases, 

Platelet to lymphocyte ratio (PLR) is a novel inflammatory marker that can be applied in 

many diseases for predicting inflammation, it is found to be a useful indicator of 

inflammation in a wide spectrum of diseases other than sepsis like acute myocardial 

infarction, acute kidney injury, cancer condition like hepatocellular carcinoma and 

nonsmall cell lung cancer (Kutlucan et al., 2016). Platelet lymphocyte ratio simply  

calculated from the absolute platelet count and the absolute lymphocyte count, role of 

PLR as a prognostic marker was first reported in neoplastic diseases like hepatocellular 

carcinoma and breast cancer and associated with increased hospital mortality (Shen et al., 

2019). Zheng et al reported that both high and low PLRs are associated with increased 

mortality in critically ill patients (Zheng et al., 2017). Application PLR for predicting 

clinical prognosis has been universally applied to patients with cancer, coronary artery 

disease, and subarachnoid hemorrhage (Graziano et al., 2019). Several studies reported 

that inflammation and immune system are related to prostate cancer and proposed 

platelet-to-lymphocyte ratio (PLR) as novel indices help in diagnose prostate cancer (Xu 

et al., 2021), also high platelet to lymphocyte ration (PLR) identified to be associated 

with poor prognosis in prostate cancer (Zhang et al., 2019). 

The aim of this study is to evaluate D-dimer, platelets count and  indices and platelet 

lymphocyte ratio for their prognostic values in Sudanese patients with prostate cancer. 
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1.2 Rationale 

Cancer is a leading cause of death around the world, responsible for nearly 10 million 

deaths in 2020 (Sung et al., 2021). Globally, prostate cancer is the second most 

commonly diagnosed male malignancy and the 5
th

 leading cause of cancer death in men 

(Rawla, 2019). In Sudan, the record showed that breast cancer is the most common tumor 

in females, while in males the prostate cancer is on top of the incidence (Maki, 2022). 

Cancer and increased age are among the major risk factors for coagulation activation and 

thrombosis. Disorders of hemostasis are commonplace in patients with prostate cancer 

and include disseminated intravascular coagulation, venous thromboembolism and 

postsurgical bleeding. D.dimer is a degradation product of fibrin and serves as a valuable 

marker of activation of coagulation and hemostasis. To the best of our knowledge there is 

no published data addressing the association between D-dimer, platelets count and 

indices and platelet to lymphocyte ratio (PLR) in Sudanese patients with prostate cancer. 

So this study aimed to fill the gap  and add new knowledge for using these parameters as 

prognostic markers for prostate cancer. 
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1.3 Objectives 

1.3.1 General objective 

To measure D-dimer level, platelets count and indices and platelet to lymphocyte ratio 

(PLR) among Sudanese patients with prostate cancer. 

1.3.2 Specific objectives 

1. To estimate D.dimer, platelets count and indices in patients with prostate cancer 

as cases and healthy subjects as control. 

2. To calculate platelet lymphocyte ratio (PLR) in patients with prostate cancer and 

control group. 

3.  Association the hematological results with management protocol and metastasis. 
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Chapter II 

2. Literature Review 

2.1 Prostate 

Prostate gland is the male sexual gland which is present in front of the rectum and 

between the bladder and penis; the main function of adult prostate is to secrete an 

opalescent aqueous liquid representing 10–30% of the seminal fluid volume in addition to 

citrate, spermine, proteases, immunoglobulins, prostaglandins and zinc, also the  prostatic 

secretion contains a high concentration of acid phosphatase secreted by prostatic 

epithelial cells (Daniyal et al., 2014), (Giacomini et al., 2021). 

2.1.1 Prostate Location  

The prostate lies between the bladder and urogenital diaphragm, behind the lower of 

pubic symphysis and in front of ampulla of the rectal (Kulkarni, 2011),  it is located in 

the pelvis, sits below the urinary bladder and surrounds the urethra. The part of the 

urethra passing through it is called the prostatic urethra, which joins with the 

two ejaculatory ducts (Young, et al., 2016). 

2.1.2 Prostate Structure 

The prostate composed of stroma and glandular tissue; the stroma composed of fibrous 

tissue and smooth muscle, the prostate stroma smooth muscle is continuous above with 

the smooth muscle of bladder wall. A peculiar feature of this muscle is the presence of 

striated muscle subjacent to the true capsule; striated muscle band is in continuity with 

the striated muscle of sphincter urethrae muscle surrounding the membranous urethra in 

the deep perineal pouch. The intraprostatic striated muscle is connected to the true 

capsule and stroma by collagen tissue. The intraglandular smooth muscle function is to 

compress the follicles to facilitate their drainage in prostatic urethra and the function of 

the striated muscle is probably to expand the prostatic urethra to accommodate seminal 

fluid (3–5 ml) prior to ejaculation (Ittmann, 2018). The second structural prostate 

component is the glandular tissue which arranged in three zones; the peripheral zone, the 

internal zone and the innermost zone. The peripheral zone consists of long branching 

glands with ducts curve to reach the posterior wall of the prostatic sinuses below the level 

of colliculus seminalis. The internal zone consists of sub mucosal glands, whose ducts 

open on the floor of prostatic sinuses at the level of colliculus seminalis. The sub mucosal 

https://en.wikipedia.org/wiki/Urinary_bladder
https://en.wikipedia.org/wiki/Urethra
https://en.wikipedia.org/wiki/Prostatic_urethra
https://en.wikipedia.org/wiki/Ejaculatory_duct
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glands are prone to benign hypertrophy of prostate (BHP).  The innermost zone consists 

of simple mucosal glands surrounding the upper part of the prostatic urethra (Kulkarni, 

2011, Aaron, et al., 2016). 

 

 

 

Figure 2.1 Anatomy of human prostate (Giacomini, et al., 2021) 

 

 

 

 

2.1.3 Histological structure 

The human prostate glandular epithelium is composed of acini and ducts lined by three 

types of cells; luminal, basal, and neuroendocrine. The acini have an undulating to 

papillary appearance in most cases; papillary configuration is noticeably more 

pronounced in the central zone.  The luminal cells are columnar with pale eosinophilic 

cytoplasm and round nuclei near the base of the cell and luminal cells are specialized 

cells that secrete a variety of products into the lumen that contribute to the formation of 

the seminal fluid, these products include prostate-specific antigen (PSA),  the  luminal 

cells are strongly positive for PSA Immunohistochemistry. The basal cells are adjacent to 
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the basement membrane and have ovoid nuclei and inconspicuous cytoplasm, number of 

basal cells can be variable between glands in an individual prostate (Ittmann, et al.,  

2018). The prostatic stroma is fibro muscular, with abundant smooth muscle cells 

admixed with fibroblasts, blood vessels, and nerves, no adipose tissue is present in the 

prostate, skeletal muscle fibers are predominantly outside the prostate but often extend 

into the outer portion of the prostate as well (Ittmann, et al.,  2018). 

2.1.4 Prostate Physiology 

The main role of the prostate as a male reproductive organ is to produce prostatic fluid 

that accounts for up to 30 percent of the semen volume, prostatic fluid promotes sperm 

motility and it is a milky color, alkaline fluid containing PSA, citric acid, calcium, zinc, 

acid phosphatase and fibrinolysin among its many constituents. During ejaculation, 

alpha-adrenergic stimulation of prostatic smooth muscle expresses seminal fluid 

containing sperm from the ampulla of the vas deferens into the posterior urethra,  

abnormal growth of the prostate is only experienced by humans and dogs, and why other 

mammals are spared is a mystery (Lawrentschuk et al., 2021). 

2. 1.5 Prostate Diseases 

Prostate abnormalities include; Prostatitis (PTIS), benign prostatic hyperplasia (BPH), 

prostate cancer (PCa) (Lokant and Naz, 2015). 

2.1.5.1 Prostatitis 

Prostatitis is still an enigmatic disease due to the inconsistency of the epidemiological 

data, the uncertainty etiology and the inadequacy of the diagnosis and the absence of a 

standardized pharmacological treatment. Prostatitis term  literally refer to inflammation 

of the prostate, currently is  used to describe a  set of clinical conditions of uncertain 

etiology that are not always associated with a clear demonstration of  the presence of an 

inflammatory process and  that include painful pelvic symptoms, low urinary tract 

symptoms and sexual disorders that require differentiated treatment (Magri et al., 2018). 

2.1.5.1.1 Acute bacterial Prostatitis (ABP) 

ABP represents an acute infection of the prostate gland, generally acute bacterial 

Prostatitis is rare but when it occurs, it is often associated with bladder outlet obstruction 

or an immunocompromised condition (Davis and Silberman, 2021). ABP is associated 

with severe, mainly Gram-negative infection; it is characterized by an acute pain onset 

https://www.ncbi.nlm.nih.gov/sites/books/NBK279008/
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combined with irritative and obstructive voiding symptoms in a patient with 

manifestations of a systemic febrile illness, Gram-negative bacteria can be easily isolated 

from the urine, E. coli is the most common pathogen encountered in ABP, accounting for 

50%–87% of cases (Matsumoto and Yamamoto, 2021). 

2.1.5.1.2 Chronic Prostatitis 

Chronic Prostatitis is divided into different categories: a combination of chronic bacterial 

Prostatitis (CBP), chronic pelvic pain syndrome (CPPS), or asymptomatic Prostatitis 

(Pirola et al., 2019). Chronic Prostatitis/chronic pelvic pain syndrome (CP/CPPS) is a 

complex of symptoms including urological pain, with or without voiding symptoms. The 

symptoms resemble those of a prostate infection, but an infectious etiology is found in 

only 5–10% of cases (Pontari, 2020). 

2.1.5.2 Benign Prostatic Hyperplasia 

Benign prostatic hyperplasia (BPH) is defined by the American Urological Association as 

a histologic diagnosis referring to the proliferation of smooth muscle and epithelial cells 

within the prostatic transition zone. The prostatic transition zone makes up about 5% of 

the prostate and is the portion that surrounds the proximal urethra. This zone is the site of 

continual growth throughout life (Lokeshwar et al., 2019).                                              

2.1.5.3 Prostate Cancer 

Prostate cancer represents the second most common cancer in men worldwide and the 

fifth most common cause of cancer death in men; in the United States (Sung, et al., 2021, 

American Cancer Society
 
2022), (Shah and Zhou, 2019). World Health Organization in 

2016 classification provides a comprehensive listing of prostate tumors, including acinar 

adenocarcinoma subtypes (Humphrey, et al., 2016). 

2.1.5.3.1 Epidemiology of Prostate Cancer  

Prostate cancer is a major cause of morbidity and mortality among men and each year 1.6 

million men are diagnosed with and 366,000 men die of prostate cancer (Pernar et al., 

2018), prostate incidence increases with age, it constitutes 15% of carcinomas seen in 

male population (Kasap et al., 2021),  only 1 in 350 men under the age of 50 years will be 

diagnosed with prostate cancer, the incidence rate increases up to 1 in every 52 men for 

ages 50 to 59 years. The incidence rate is nearly 60% in men over the age of 65 

years (Rawla, 2019). International mortality rates for prostate cancer vary considerably 
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worldwide, in  2018  highest mortality rates were recorded in Central America (10.7 per 

100,000 people), followed by Australia and New Zealand (10.2) and Western Europe 

(10.1). The lowest rate was reported in the countries of Asia (South-Central, 3.3; Eastern, 

4.7 and South-Eastern, 5.4) and Northern Africa (5.8). One-third of the deaths for 

prostate cancer occurred in Asia (33.0%, 118,427 of deaths), followed by Europe (29.9%, 

107,315 of deaths). The mortality rate of prostate cancer rises with age, and almost 55% 

of all deaths occur after 65 years of age. (Rawla, 2019). 

 

Figure 2.2 Map showing estimated age-standardized incidence rates for prostate 

cancer worldwide in 2018, in males including all ages (Ferlay, et al., 2019). 

 

Figure 2.3 Map showing estimated age-standardized mortality rates for prostate 

cancer worldwide in 2018 in males including all ages (Ferlay, et al., 2019). 
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2.1.5.3.2 Etiology 

The etiology of prostate cancer is the subject of numerous studies and remains largely 

unknown compared to other common cancers; however the clinical and experimental 

observations suggest that increased age, hormonal, genetic and environmental factors 

play a role in prostate cancer pathogenesis (Rawla, 2019). 

2.1.5.3.3 Risk factors 

It is becoming clear that its development involves a complex interplay of different factors 

including environment, culture, life style, and genetics. Environmental factors have 

detrimental influence on its development. Migration studies showed 5-fold increased risk 

among Japanese immigrants to US because of changed environment (Malik et al., 2018). 

2.1.5.3.3.1 Age                                                                                                                 

Age is a well-established risk factor for prostate cancer;  incidence of prostate cancer 

increases with age, prostate cancer is rare below the age of 40, age is  an important risk 

factor in the development of PCa and its incidence rate increases with age especially after 

50 years of age in White men who have no family history of the prostate cancer, and after 

40 years of age in Black men or men with a familial history of prostate cancer (Seer, 

2018),  age-related trend is seen globally, both in developed and developing countries. 

PSA screening has led to an earlier age of prostate cancer detection as it has a lead time 

of approximately 10 years before any symptoms occur. Probability of developing prostate 

cancer increases from 0.005% in men younger than 39 years of age to 2.2% in men 

between 40 and 59 years, and 13.7% in men between 60 and 79 years (Ng, 2021).         

2.1.5.3.3.2 Cigarette smoking 

Cigarette smoking was another potential risk factor for its development owing to a 

number of reasons. Smoking may be linked with disease because of hormonal changes. 

Smokers had increased level of testosterone and androsterone and may be involved in 

cancer progression.
 

Recently a meta-analysis was conducted that showed strong 

relationship of smoking with its onset and progression, it also showed that smoking was 

associated with mortality and incidence of disease (Li, et al., 2012). 

2.1.5.3.3.3 Hormonal factor 

Androgen receptor (AR) is considered the main driver in PCa growth and progression 

and most drugs are directed against AR pathway. Once PCa spreads outside the prostate, 
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androgen deprivation therapy (ADT) represents the cornerstone of treatment in hormone-

sensitive prostate cancer (HSPC) (Pisano et al., 2021). Research has found that people 

with high levels of IGF-1 have an increased risk of developing prostate cancer 

(Shanmugalingam, et al., 2016). 

2.1.5.3.3.4 Genetic factor 

About 20% of patients with prostate cancer report a family history, which may develop 

not only because of shared genes but also for a similar pattern of exposure to certain 

environmental carcinogens and common lifestyle habits. Several studies reported that 

inherited genetic background is associated with increased risk for prostate cancer, 

contributing to about 5% of disease risks. This risk is increased by several folds when 

high-penetrance genetic risk alleles are inherited (Rawla, 2019). Gene linkage studies 

reveal major susceptibility loci for prostate carcinoma on genes in seven different loci. 

Chromosome 1q24-25 that is referred as HPC1 gene encodes the enzyme ribonuclease L 

(RNASEL) which play role in the innate immune defense mechanisms and the interferon 

(IFN)-mediated signaling, on analysis of human prostate cancer samples from patients 

with RNASEL mutations showed the presence of retrovirus unveiling the importance of 

antiviral defenses to prostate cancer development, detection of retroviral infections in 

some cases of prostate cancer also showed the potential connection of chronic retroviral 

infection and consequent tissue inflammation with cancer initiation. Another HPC gene 

(HPC2/ELAC2) was identified on chromosome 17p11 and encodes a protein with poorly 

understood function, ELAC2, which is involved in prostate cancer development by 

binding SMAD2 that up-regulate proliferation through activation of TGF-beta signaling 

pathway. The third identified HPC gene is macrophage scavenger receptor 1 (MSR1), 

which resides on chromosome 8p22. People who inherit faulty versions of BRCA 2 genes 

have an increased risk of developing different types of cancer. This includes prostate 

cancer. A recent study showed that your risk of developing prostate cancer is around 2 

times higher than that of the general population if you have a faulty BRCA2 gene, risk of 

developing prostate cancer may also increase with faulty BRCA1 genes. But researchers 

need more studies to find out for sure (Li et al., 2022). X chromosome is also believed to 

have a role in prostate cancer inheritance because it contains the androgen receptor (AR) 

and because small deletions in Xq26.3-q27.3 region were noted in sporadic and 
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hereditary forms of prostate cancer. More recent studies in 301 hereditary prostate cancer 

affected families defined a number of other loci that may contribute to hereditary prostate 

cancer (Rawla, 2019), also several studies associated family history as risk factor for 

prostate cancer development;  affected brother or father the risk in this situation become 

double and the risk were further increased, if more first degree relatives were suffering 

from it (Malik et al., 2018). 

2.1.5.3.3.5 Ethnicity 

Prevalence of prostate cancer highly varies among different racial groups, it is more 

common in Black men than in White men and least common in Asian men.  There is a 

higher incidence, severity, and mortality rates amongst men of black African descent, 

highest incidence in USA amongst black men of African descent and mortality rates 2.4 

times higher in black men in the USA when compared to white men. A review by Rani et 

al. explained the observations of lower TMPRSS-ERG fusion, PTEN deletion, 

differential methylation of genes (SNRPN, SHANK2, MST1R, and ABCG5), and up-

regulation of MNX1 in men of African descent promoted ontogenesis due to the deletion 

of such protective tumor suppressor roles,  another chemokines receptor, DARC, found in 

red blood cells where they remove chemokines from prostate tumor microenvironment, 

has been shown to be depleted in large proportion of African men, contributing to 

increased incidence and mortality rates in this ethnic group (Ng, 2021). Other factors 

positively associated with prostate cancer include diet; increased consumption of 

saturated animal fat and red meat, lower intake of fruits, vegetables, vitamins, and coffee, 

obesity (World Cancer Research, 2014) and physical inactivity, inflammation (Thapa, et 

al., 2015), hyperglycemia, infections, and environmental exposure to chemicals or 

ionizing radiation (Markozannes, et al., 2016). 

2.1.5.3.4 Clinical features 

Many prostate cancers are slow growing and may not have any harmful effects during a 

man's lifetime. Meanwhile, clinically significant cancers can cause problems such as 

blockage of the urinary tract, painful bone lesions and death (Drost et al., 2019), but  

aggressive form of  prostatic carcinomas are able to metastasize (Mohammad, 2018). In 

prostate cancer patients diagnosed with local disease have a 99% 5-year survival rate; 

however, this 5-year survival rate drops to 28% in patients with metastatic disease (Harris 
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and Kerr, 2017). Advanced-stage prostate cancer (PCa) patients are often diagnosed 

with bone metastases which remain incurable. PCa cells prevalently cause osteoblastic 

lesions characterized by an excess of bone formation (Hensel and Thalmann, 2016). If 

prostate cancer has already spread to other parts of the body (advanced or metastatic 

prostate cancer), it can cause symptoms such as: back or bone pain that doesn’t go away 

with rest, tiredness, weight loss for no reason (National Institute for Health and Care 

Excellence (NICE), 2019). 

2.1.5.3.5 Diagnosis of prostate cancer 

Prostate cancer (PCa) has traditionally been diagnosed by digital rectal examination 

(DRE) and prostate-specific antigen (PSA) blood test, followed by trans rectal ultrasound 

(TRUS) guided biopsy. Abnormal results with either test may be due to benign prostatic 

enlargement (BPH) or infection, rather than cancer (Descotes, et al., 2019). 

2.5.3.5.1 Prostate Specific Antigen (PSA) 

PSA is an organ specific protein, and therefore can be elevated in non-malignant prostate 

pathologies such as benign prostatic hyperplasia (BPH) and Prostatitis, clinically, PCa is 

suspected on the basis of abnormal digital rectal examination (DRE) and/or elevated PSA 

levels, initial prostate investigations of prostate begin with measuring serum PSA level 

(Law et al., 2020). Total PSA (tPSA) remains the cornerstone of biological and landscape 

of tumor markers, as reported in a recent exhaustive review (Lamy, et al., 2017). 

2.1.5.3.5.2 Digital Rectal Examination (DRE) 

Rectal examination is carried out in a systematic way to evaluate voiding dysfunction in 

male; its performance for initial detection of cancer is limited, most patients detected with 

PCa during screening PSA program have normal DRE. However, palpation 

of irregularity or nodule during DRE still remains an indication for prostate biopsy 

regardless of the level of PSA. DRE may not significantly reduce mortality, but instead 

may result in a high number of false-positives leading to unnecessary invasive diagnostic 

tests that can precipitate pain, erectile dysfunction, and urinary incontinence, as well as 

over diagnosis and overtreatment of prostate cancer (Cui et al., 2016). 

2.1.5.3.5.3 Prostate Biopsy 

Prostate biopsy is the gold standard diagnostic technique for the detection of prostate 

cancer; the prostate gland tissue is taken out with needle or during surgery to check if 

https://www.sciencedirect.com/topics/medicine-and-dentistry/prostate-cancer
https://www.sciencedirect.com/topics/medicine-and-dentistry/bone-metastasis
https://www.sciencedirect.com/topics/medicine-and-dentistry/cancer-cell
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there is cancer or any abnormal cells in the prostate gland, diagnosis of prostate cancer 

cannot be made without a biopsy (Morgan, et al., 2017,Streicher et al., 2019).  

2.1.5.3.5.4 Magnetic Resonance Imaging (MRI) 

Imaging is becoming critical for guiding management decisions in prostate cancer (PCa) 

both at initial diagnosis and at recurrence. Multipara metric magnetic resonance imaging 

and positron emission tomography of the prostate have proven valuable in the detection 

and localization of aggressive disease, recent reviews have suggested that contemporary 

multi-parametric MRI reliably detects clinically significant prostate tumors and provides 

critical information regarding tumor location, volume, grade and stage, (Thompson et al., 

2013, Ludwig, et al., 2018). 

2.1.5.3.5.5 Bone scan 

The bone scan index  is a method to quantitatively measure the burden of bony disease, 

and can assess both disease progression and regression (Mota et al., 2019). Whole-body 

diffusion-weighted MRI and molecular imaging will play increasing roles in defining the 

presence and extent of metastatic disease, enabling assessment of treatment response and 

disease progression, and will improve our understanding of disease biology (Perez, et al., 

2019). 

2.1.5.3.6 Gleason grading 

The Gleason grading system is one of the most reliable methods for evaluating prostate 

cancer aggression, developed in 1967 and updated in 2014. Gleason grades are used for 

describing prostate adenocarcinoma growth patterns, and they are related to disease 

severity. According to this system, prostate cancers are scaled into five grades based on 

glandular patterns of differentiation. It varies from1-5; grade 1 is excellent prognosis, 

while grade 5 is poor prognosis (Linkon et al., 2021).  

2.1.5.3.7 Treatment and management 

Definitive treatment for localized disease includes radical prostatectomy and/or 

radiotherapy. Radiotherapy can also be combined with Androgen deprivation therapy 

(ADT) for high risk patients. Patients who have disease progression (both metastatic and 

non-metastatic) on effective ADT with testosterone < 50 ng/dL are considered castration 

resistant (CRPC) and require next-generation endocrine agents to suppress their cancer 

(Barsouk et al., 2020). ADT is beneficial for unfavorable intermediate-risk  prostate 

https://www.webmd.com/cancer/what-is-a-biopsy
https://www.sciencedirect.com/topics/medicine-and-dentistry/gleason-score
https://www.sciencedirect.com/topics/medicine-and-dentistry/prostate-adenocarcinoma
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cancer patients receiving curative radiotherapy. However, for favorable IR patients the 

latest NCCN guideline recommends RT alone (Amit, et al., 2019). 

2.2 Hemostasis 

Hemostasis defined as a complex biological pathway aimed at arresting blood leakage 

from injured venous and arterial vessels, and concomitantly preventing excessive or 

unwarranted blood clotting when these structures are undamaged (Lippi and Favaloro, 

2018).There are five different components involved: blood vessels, platelets, plasma 

coagulation factors and their inhibitors and the fibrinolytic system (Bain, et al., 2011).  

2.2.1 Platelets     

Are small fragments of cytoplasm derived from megakaryocytes (Bain, et al., 2011).                                                     

2.2.1.1Plateletsproduction                                                                                         

Platelets are small a nucleate cells derived from the cytoplasmic fragmentation of their 

megakaryocytes (MK) precursor. MKs produced in the bone marrow through a highly 

orchestrated process. HSCs give rise to progenitors which progressively commit to the 

megakaryocytic lineage to produce immature MKs. MK maturation involves an increase 

in DNA content (up to 64N) through endomitosis accompanied by massive enlargement 

of the cytoplasm, the emergence of numerous alpha and dense granules and the 

development of an extensive membrane network, the demarcation membrane system        

(Hoffbrand,2019). Terminally differentiated MKs intimately associated with the 

sinusoidal endothelium of the bone marrow. Following extensive cytoskeletal 

remodeling, fully mature MKs extend cytoplasmic projections called pro platelets into the 

vessel lumen, where platelets are released under shear forces produced by the circulating 

blood (Strassel et al., 2018). 

2.2.1.2 Platelet structure 

Platelets are small discoid cell fragments. On average they are 1.5-3.5 um in diameter. 

They do not contain a nucleus and are bounded by a typical lipid bilayer membrane 

(Bain, et al., 2011). Glycoproteins Ib and IIb/IIIa are important in the attachment of 

platelets to von Willebrand factor  and hence to vascular sub endothelium where 

metabolic interactions occur, binding site for IIb/IIIa is also the receptor for fibrinogen 

which is important in platelet-platelet aggregation. The plasma membrane invaginates 

into the platelet interior to form an open membrane system which provides a large 
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reactive surface to which the plasma coagulation proteins selectively absorbed. The 

membrane phospholipids are important in the conversion of factor X to Xa and 

prothrombin thrombin (Hoffbrand,2016). The platelet contains three types of storage 

granules: dense, alpha and lysosomes. Alpha granules contain fibrinogen, VWF, beta 

thromboglobulin and other clotting factor. Dense granules contain ADP, ATP and 

calcium. Lysosomes contain hydrolytic enzymes and peroxisomes contain catalase. 

During the release reaction, the contents of the granules are discharged into the open 

canalicular system. Platelets are also rich in signalling and cytoskeletal proteins which 

support the rapid switch from quiescent to activation that follows vessel damage 

(Hoffbrand, 2019). 

2.2.1.3 Platelet function 

Platelets maintain hemostasis by adhering to the vascular endothelium, aggregating with 

other platelets, and initiating the coagulation cascade, leading to the production of a fibrin 

mesh, which effectively prevents significant blood loss. Platelets are also crucial in 

inflammation, tissue growth, and immune response. These processes are under the 

mediation of the release of compounds from the alpha and dense granules, which include 

numerous growth factors as well as IgG and components of the complement system 

(Fountain and Lappin, 2021). 

2.2.1.4 Platelet plug formation 

Platelets can become activated in response to exposed collagen, thrombin, ADP, or other 

compounds. In response to tissue injury, exposed collagen on the sub endothelial surface 

can bind directly to either the platelet or to vWF. The vWF is a molecule that can bind to 

both collagen and the platelet, via the GPIb receptor on the platelet surface. As a result, 

vWF acts as a bridge, forming a complex of collagen, vWF and platelet, which results in 

adhesion to the vascular surface. Also exposed collagen can bind directly to the platelet 

by binding to the GPVI receptor. Binding to the GPIb and GPVI receptors causes 

activation of the platelet and beginning intracellular signaling cascades, result in the 

release of both alpha and dense granules, as well as activation of other enzymes, such as 

cyclooxygenase-1, which synthesizes thromboxane A2 (TXA). The release of alpha and 

dense granules is crucial for the recruitment of nearby platelets and further activation of 

the platelet, as a result of degranulation ADP, TXA, serotonin, fibrinogen, and P-Selectin 
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are secreted into the plasma (Hoffbrand, 2016). ADP and TXA are important in the 

activation of platelets, released ADP binds to P2Y and P2Y receptors on the platelet 

surface, further increasing signal transduction and activation in the platelet, while TXA 

binds to thromboxane prostanoid receptors, increasing activation of nearby platelets. Both 

of these are critical in the recruitment of other platelets to form a large platelet plug. 

Serotonin acts in a similar, but less potent, way on 5HT receptors (Elsayed, 2015). 

Normal platelets count is 150 to 450 X10
9
 cell/L, with normal life span ranges from 7 to 

10 days and about one third of platelets sequestrate in the spleen (Hoffbrand, 2019). 

2.2.2 Platelets Estimation 

2.2.2.1 Platelets and Platelet Indices (PI) 

PLT indices are a group of parameters that are used to measure the total amount of PLTs, 

PLTs morphology and proliferation kinetics, include PLT count, mean platelet volume 

(MPV), platelet distribution width (PDW), and plateletcrit (PCT) (Zhang et al., 2015), 

and platelet large cell ratio (Bain,  et al., 2011), most frequently evaluated parameters 

are mean platelet volume (MPV), platelet diversity index (PDW), plateletcrit (PCT) and 

the presence of larger platelets (P-LCRs platelet larger cell ratio),The measurement of PIs 

does not generate additional costs and can be performed during routine cell blood count, 

not requiring additional blood samples (Pogorzelska et al., 2020). 

2.2.2.2 Mean Platelet Volume (MPV) 

MPV reflects the size of platelets, which is related to platelet production and activation, 

normally ranges between 7.5 and 12.0 fl inversely proportional to the platelet count; this 

means that the increased production of platelets is accompanied by a reduction in their 

mean volume (Wu et al., 2019b). MPV measures the average size of the platelet and it is 

directly derived from the analysis of the platelet distribution curve (Nishimura, et al., 

2021).  Elevated MPV correlates with increased platelet aggregation, enhanced synthesis, 

and release of thromboxane TXA2 and β-thromboglobulin (Korniluk et al., 2019).  

2.2.2.3 Platelet Distribution Width (PDW) 

Platelets distribution width evaluate platelet anisocytosis and the plateletcrit, which is the 

volume of circulating platelets in a unit volume of blood, it is directly measures 

variability in platelet size and changes occurring with platelet activation and suggests the 

heterogeneity in platelet morphology (Nishimura, et al., 2021). 

https://www.sciencedirect.com/topics/medicine-and-dentistry/mean-platelet-volume
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/blood-cell-count
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2.2.2.4 Platelet Large Cell Ratio (P-LCR) 

Platelet Large Cell Ratio (P-LCR) also known as Large Platelet Parameter and Platelet 

Large Cell Count (P-LCC) calculated by some automated blood counter  instruments, 

reflects the number of platelets falling above the 12fl threshold on the platelet size 

histogram divided by the total number of platelets (Bain, et al., 2011). Platelet large cell 

ratio (PLCR) represents the proportion of large platelets which reflects alteration of 

platelet dimension, with inverse correlation to PLT and direct correlation with MPV and 

PDW (Nickavar and Sadeghi-Bojd, 2020). 

2.2.2.5 Plateletcrit (PCT) 

Plateletcrit provides complete information on total platelet mass and shows percentage of 

blood occupied by PLT (Akpinar et al., 2014, Michalak et al., 2021), PCT is useful for 

detecting platelet quantitative abnormalities, normal range for PCT is 0.22-0.24 % 

(Nishimura, et al., 2021). 

2.2.3 Platelets Lymphocytes Ratio 

There are known several serum biomarkers and hematological indices of inflammation 

such as: CRP, fibrinogen, lymphocyte-monocyte ratio (LMR), and platelet-lymphocyte 

ratio (PLR) (Huszno et al., 2022). PLR has been used as a biomarker for differentiating 

between two or more disorders or as a predictor of multiple pathological conditions as 

inflammatory disease and cancer (Soliman et al., 2020), PLR reported a strong link 

between prostate cancer and inflammation; inflammation impacts every step of 

tumorigenesis, such as tumor initiation, promotion and metastatic progression. Low 

lymphocyte counts are reported to be an adverse prognostic marker for many diseases, 

including prostate cancer, while increased platelet counts have been associated with poor 

prognosis and tumor load in patients with cancer (Murray et al., 2020). 

PLR is calculated as platelet count divided by lymphocyte count (Cuenco, 2020). 

platelet-to-lymphocyte ratio have been studies as a novel inflammatory marker and 

prognostic markers for cardiovascular disease, inflammatory disorders and malignancies. 

The two circulating biomarkers which are calculated using the peripheral blood 

cells,  platelet to lymphocyte ratio, has obtained prognostic significance in a variety of 

malignances, as well as PCa. A large amount of studies have examined the prognostic 
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role of this marker in PCa patients, however, the importance and consistence are still 

needed to be determined (Guo et al., 2018). 

2.2.4 Blood coagulation 

Once the platelet plug has been formed by the platelets, the clotting factors are activated 

in a sequence of events known as coagulation cascade  which leads to the formation 

of Fibrin from inactive fibrinogen plasma protein, thus fibrin mesh is produced all around 

the platelet plug to hold it in place this step known as secondary hemostasis; however, 

without this process the healing of a wound would not be possible (Elsayed, 2015).  

2.2.4.1 Fibrinogen 

Fibrinogen is an important indicator of the coagulation system, also it is  an acute-phase 

protein that is mainly synthesized by hepatocytes and converted into insoluble fibrin by 

activated thrombin, Fibrinogen plasma level increases in some clinical conditions such as 

malignancy and systemic inflammation, when fibrinogen levels increased, it is deemed to 

be an unfavorable prognostic marker as in some malignancies, such as those of the 

digestive system, gynecologic malignancies, urologic neoplasms, and soft tissue 

sarcomas (Wen et al., 2015). 

2.2.4.2 D-dimer 

D-dimer molecules are generated through the degradation of cross-linked fibrin during 

fibrinolysis. D-dimer generation requires the activity of three enzymes: thrombin, factor 

XIIIa, and plasmin; process starts when thrombin generated by the coagulation system 

converts soluble fibrinogen to fibrin monomers, these monomers then form fibrin 

polymers through noncovalent interactions based on allosteric changes within the protein 

as a result of thrombin cleavage of fibrinopeptides from the N-terminal domain. Fibrin is 

strengthened through interactions with factor XIII and after the activation by thrombin, 

cross-links the D domains of adjacent fibrin monomers. Plasmin digestion of the fibrin 

clot results in the D-dimer molecule (Johnson et al., 2019). 

D-dimer is a degradation product of fibrin which is produced by plasmin-induced 

fibrinolytic activity,  considered as gold standard among markers and biomarker that 

indicate  measured in plasma or whole blood that reflect activation of  hemostasis and 

fibrinolysis (Undas, 2020). D-dimer is a soluble (FDP) that results from the systematic 

degradation of vascular thrombi through the fibrinolytic mechanism. Because of this, it 

https://en.wikipedia.org/wiki/Clotting_factors
https://en.wikipedia.org/wiki/Fibrin
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serves as a valuable marker of activation of coagulation and fibrinolysis in a number of 

clinical scenarios. Most commonly, D-dimer has been extensively investigated for 

excluding the diagnosis of venous thromboembolism (VTE) and is used routinely for this 

indication. In addition, D-dimer has been evaluated for determining the optimal duration 

of anticoagulation in VTE patients, for diagnosing and monitoring disseminated 

intravascular coagulation, and for monitoring other conditions in which the patient is at 

high risk of bleeding or thrombosis (Johnson et al., 2019). 

Elevated plasma D-dimer levels are seen in patients with various types of cancer and 

solid tumor such as prostate cancer, cervix (Sun et al., 2015) and esophageal squamous 

cells (Feng et al., 2016), because procoagulant factors lead to constitutive activation of 

the coagulation cascade, which results in thrombin generation followed by fibrin 

formation (Lee et al., 2017). 

2.2.5 Hematological markers and prostate cancer risk 

Risk factors for prostate cancer are not well understood. Red blood cell, platelet and 

white blood cell indices may be markers of a range of exposures that might be related to 

prostate cancer risk. Combination of several biomarkers for early detection may lead to 

enhanced sensitivities and specificities. The mechanisms underlying the association of 

MPV and PDW with PCa are currently unclear, numerous studies have identified 

enhanced platelet activation occurred in PCa, because platelet-derived growth factor  

proteins are potent stimulators of cell proliferation/transformation in PCa, for that  High 

expression of PDGF alpha-receptor activation is associated with bone metastases in 

castration-resistant PCa (Russell et al., 2010). Large prospective study designed in UK by 

Watts et al included more than 200,000 men observed that several hematological 

parameters and blood indices with prostate cancer risk and mortality implicate shared 

common causes with type of cancer, also he found that a higher platelet count was 

associated with an increased risk of prostate cancer diagnosis, but platelet indices were 

not associated with prostate cancer mortality (Watts et al., 2020). Also other study 

suggests that combined use of PSA, MPV, and PDW can be used as a surrogate for the 

presence of PCa (Fu et al., 2018),  PLR significantly increase in PCa patients with bone 

metastases and are valuable in the diagnosis of bone metastases in PCa patients (Zhang et 

al., 2019). PLR gives promising value as a systemic inflammatory marker in predicting 
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prostate cancer in suspected patients (Adhyatma and Warli, 2019). Platelets play an 

important role in tumor growth and metastasis through tumor cell-induced platelet 

aggregation (TCIPA), ability of cancer cells to induce platelet aggregation tends to 

correlate with their metastatic potential. Reciprocally, platelet- induced signaling within 

cancer cells can further enhance their invasive potential, including mediating epithelial to 

mesenchymal transition (Rudzinski et al., 2020).  

The main risk factors for coagulation activation and thrombosis are malignancy and older 

age, thrombosis risk may be associated with increased level of coagulation markers such 

as fibrinogen and D-dimer. These disorders contribute to mortality and morbidity of PCa 

patients and are correlated with bone metastasis in 91% of the patients (Al Saleh et al., 

2018). Disseminated intravascular coagulation (DIC) is the most frequent coagulation 

disorder associated with metastatic prostate adenocarcinoma (Palma Anselmo et al., 

2016). In prostate cancer, the incidence of DIC complication is from 13% to 30% 

whereas that of bleeding symptoms is only 0.40% to 1.65% (Wada et al., 2012). 

2.3 Previous Studies 

A study conducted at Harbin Medical University, China by Fu et al., (2018), the study 

showed that PCa patients had reduced MPV and elevated PDW compared to BPH 

patients(p-value <0.001) (Fu et al., 2018). 

A retrospective study at Shandong University, Jinan, China, found that MPV was 

significantly less in PCa than non-PCa among men ( P = 0.001). On the other hand, PDW 

was significantly increased in PCa than non-PCa among men. The platelet count among 

men with PCa tended to be more than that of the non-PCa study group, but there was no 

statistical difference (P = 0.09) (Song et al., 2022). 

A study conducted at Sumatera Utara University, Medan, Indonesia by Adhyatma and 

Warli (2019). Included  298 patients; 126 (42.3%) BPH and 172 PCa, there result showed 

a significant difference for PLR values between 2 groups, PLR was higher in patients 

with prostate cancer, p < 0.05 (Adhyatma and Warli, 2019). 

Pooled analysis at  China–Japan Friendship Hospital, Beijing, China performed by (Guo 

et al., 2018), demonstrated a significant elevation in PLR  in prostate cancer patients and 

it predicts poor overall survival, P-value 0.001 (Guo et al., 2018). 
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A study at University of Health Sciences, Adana City Teaching and Research Hospital, 

Adana, Turkey by (Börekoğlu et al., 2020), the study demonstrated that there was no 

statistically significant difference between the patients with prostate cancer and patients 

with benign conditions according to the platelet counts, MPV and PDW and PCT. 

Additionally, there were no statistically significant differences between the groups 

regarding the  PLR  (Börekoğlu et al., 2020). 

A study conducted at Bezmialem Vakif University, Istanbul, Turkey by Kalkan and 

Caliskan in (2019), reveal  that there was a statistically significant difference for  D-

dimer between patients with prostate cancer and patients with BPH, D-dimer levels were 

higher than in patients with BPH with  P-value < 0.05 (Kalkan and Caliskan, 2020). 

A case control study at Odessa National Medical University, Odessa, Ukraine conducted 

by Tarabrin et al., (2019), showed that the D-dimer level was higher in patients with 

prostate cancer than those with benign prostatic hyperplasia (Tarabrin et al., 2019). 

A retrospective study conducted at Sakarya University Adapazari, Sakarya, Turkey was 

performed by Saglam and Cimen (2021), found significant elevation in D-dimer levels in 

patients with prostate cancer compared to patients with benign prostatic hyperplasia with 

P-value 0.011 (Saglam and Cimen, 2021). 

A prospective study was performed at Seoul National University Bundang Hospital, 

Seongnam, Korea by Hong et al., (2010),  demonstrated that the cancer group had 

significantly higher plasma D-dimer levels than did the control group  with P = 0.007 and 

P  = 0.018, respectively (Hong et al., 2010). 

A prospective study conducted at Hitit University, Çorum Training and Research 

Hospital, Çorum, Turkey by Çalışkan and Sunger (2017), reported that plasma D-dimer 

level was higher in patients with prostate cancer (Caliskan and Sungur, 2017). 

A study conducted in Beijing, China by Wang and Xing, (2021). Involved A total of 423 

pathologically diagnosed patients with PCa. The study demonstrated that plasma level of  

D-dimer was significantly high in prostate cancer patients ( p-value < 0.001) (Wang and 

Xing, 2021). 
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Chapter III 

3. Material and Methods 

3.1 Study Design 

 This study was hospital base, case control study.  

3.2 Study Area 

This study was conducted at Khartoum. hospital, Khartoum – Sudan. 

3.3 Study Duration 

This study was conducted during the period from April to October 2022. 

3.4 Study Population 

The study population was Sudanese patients of prostate cancer whom refereed to 

Khartoum hospital and accepted to participate in the study. 

3.4.1 Inclusion Criteria 

Sudanese men with prostate cancer patients from all age were included. 

3.4.2 Exclusion Criteria 

Other types of cancer patients, prostate cancer patients who refused to participate in this 

study and patients with known hemostatic disease were excluded. 

3.4.3 Estimated Sample Size 

According to the following equation samples were collected for cases and controls. 

          N= (Z
2
 ×P (1-P) / e

2
  

Where Z = value from standard normal distribution corresponding to desired confidence 

level (Z=1.96 for 95% CI). 

P is expected true proportion. 

  e is desired precision. 

= 1.96
2
 ×0.099 × (1-0.099) / 0.05

 

= 137  

Due to high cost of estimated parameters the sample size was 100. 

3.5 Ethical Considerations  

The ethical approval was obtained from Sudan University of Science and Technology, 

College of Medical Laboratory Research Board and Khartoum hospital. After explains 

the purpose of the research with simple and clear words for the participant’s, they were 



       

24 
 

told that they have rights to voluntary, they signed informed consent and they can 

withdraw at any time without any deprivation.  All participants have rights to no harm 

(privacy and confidentiality) by using coded questionnaire and the remaining samples 

were not be reused for other research and the data will be secured. All participants’ has 

rights to benefit from the researcher knowledge and skills about prostate cancer. 

3.6 Sampling technique 

Non probability convenience sampling technique was used. 

3.7 Data collection 

Data were collected using a pre-structured questionnaire filed by face-to-face interview 

with participants. 

3.8 blood collection and Processing: 

Venous blood was collected from each participant and distributed in two containers, 2.5 

ml in EDTA containers for complete blood count test and 1.8 ml in trisodium citrate 

containers for measuring D.dimer level. The EDTA samples were analysed immediately 

while trisodium citrate samples were centrifuged at 4000 rpm for 15 min to obtain the 

PPP, then the PPP kept at – 70
o
C until analysis. 

3.9 Blood count 

Complete blood count was measured using automated blood counter (Sysmex X N1000) . 

3.9.1 Principle of the analyzer 

This instrument enables quantitative, identification and existence ratio analysis and 

flagging of tangible components of blood and body fluid ( red blood cells, white blood 

cells, platelets and other cells) by means of electrical impedance, laser light scattering 

and dye bonding. (Sysmex cooperation, 2014). 

3.9.2 Procedure of CBC assay 

Blood sample after has been mixed thoroughly, placed in the tube holder and then press 

the start switch on the analyzer and aspiration began. Once the analysis finishes the result 

appeared on the display screen and printed out.  

3.9.3 Quality Control of Sysmex 

The reliability of this instrument and reagents was monitored by using control materials 

XN Check (three levels) for the calibration of the instrument for WBC, RBC, HBG, PLT 

and RET. and XN Check BF (two levels) for the calibration of the instrument for PLT-F 
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(platelet count obtained from the PLT-F channel), to monitor an instrument performance 

before analyzing sample (Sysmex cooperation, 2014). 

3.10 Calculation of Platelets to Lymphocytes Ratio (PLR) 

PLR was calculated as the platelet count divided by the lymphocyte count (shen, et al., 

2019). Normal range : 36.63-149.13 (Wu et al., 2019a). 

3.11 Estimation of plasma D- Dimer level 

D.dimer was measured using Ichroma
TM 

D.dimer. 

3.11.1 Principle of D. Dimer assay 

The test uses the sandwich immune-detection method, such that the detector  antibodies 

in buffer bind to antigen in the sample, forming antigen-antibody complexes, and migrate 

onto nitrocellulose matrix to be captured by the other immobilized-antibodies on the test 

strip. The more antigens in the plasma will form more antigen-antibody complexes which 

lead to stronger fluorescence Signal by detector antibodies, which is processed by 

instrument for Ichroma
TMD 

tests to show D-Dimer concentration in the sample.  

3.11.2 Procedure of D. Dimer assay 

The test reagent brought to room temperature, then 10 ul of sample transferred to a tube 

containing the detection buffer and mixed thoroughly. 75 ul of the sample mixture 

pipetted out and loaded into sample well on the cartridge and incubated at room 

temperature for 12 minutes, then inserted into the cartridge holder of the instrument and 

scanned then the result appeared on the display screen and recorded. 

3.11.3 Quality Control of Ichroma
TMD 

Two methods were performed to ensure the reliability of the instrument. First system 

check is performed to confirm the ichroma 
TM 

works properly. And second by using 

control material universal control 1(Boditech Med incorporated, 2018). 

3.12 Data analysis 

Data were analyzed using statistical package for social science software (SPSS version 

.25), and presented in form of tables and figures. The statistical analysis was performed 

by using independent t-test and chi-square test (A P-value of < 0.05 was considered 

significant). 
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Chapter IV 

4. Results 

4.1 Description of the study population 

This study was conducted in Khartoum state in the period from April to October 2022. 

One hundred individuals were included in this study; 50 patients with prostate cancer as 

case and 50 healthy volunteers as control were matching in age and sex, age ranging from 

50 to 85 years old with mean age (67.14±7.3) years in case and control. D-dimer, 

platelets count and indices and platelet lymphocyte ratio (PLR) were measured for all 

participants in this study.  

 

 

Figure: 4-1 Age distribution among study population 
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4.2 Comparison of D-dimer level between cases and controls 

Patients with prostate cancer had significantly higher D-dimer level than control group P-

value=(0.00) Table (4-1).  

 

Table: 4-1 Comparison between case and control in mean of D-dimer level  

Parameter Mean± SD P-value 

Case Control 

D-Dimer 1.72±2.4 0.18±0.07 0.00 
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4.3 Results of Hematological parameters  

The means of platelets count, mean platelet volume (MPV), platelet distribution width 

(PDW), platelet large cell ratio (P-LCR), plateletcrit (PCT) and platelet lymphocyte ratio 

(PLR) in case and control were ( 259±111.83× 10
3
/µl ) Vs. (251.46±58.98×10

3
/µl),  

(10.20±0.88 fl) Vs. (8.06±0.81 fl), (11.81±2.06 fl) Vs. (10.49±1.04 fl), (26.61±7.15%) 

Vs. (14.64±5.17%), (0.26±0.10%) Vs. (0.19±0.04%) and (161.36±107.53) Vs. 

(159.34±66.39)  respectively. The patients with prostate cancer had significantly higher 

MPV, PDW, PLCR, PCT (P-value = 0.00). Table (4-3). No significant differences was 

demonstrated with regard to platelets count and PLR (P-value > 0.05) . Table (4-2). 

 

Table: 4-2 Comparison of hematological parameters among study subjects 

     Parameter Mean± SD P-value 

Case Control 

PLT (X10
9
/L) 259.46±111.83 251.46±58.98 0.6 

MPV(FL) 10.20±0.88 8.06±0.81 0.00 

PDW(FL) 11.81±2.06 10.49±1.04 0.00 

PLCR(%) 26.61±7.15 14.64±5.17 0.00 

PCT(%) 0.26±0.10 0.19±0.04 0.00 

PLR 161.36±107.53 159.34±66.39 0.9 

 

 

 

 

 

 

 

 



       

29 
 

4.4 Frequency of chemotherapy among cases 

There were twenty seven (54%) of prostate cancer patients have received chemotherapy 

whereas 23 (46%) have not received chemotherapy, as shown in figure (4-2). 

 

 
Figure: 4-2 Frequency of chemotherapy among Prostate cancer patients  
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4.5 Association between means of hematological parameters and chemotherapy 

Result showed that Patients receiving chemotherapy had higher PDW than patients were 

not P-value = (0.05). Result also showed no significant difference in D-Dimer, PLT, 

MPV, PLCR, PCT and PLR  in relation to chemotherapy P-value >0.05). Table (4-3). 

 

Table: 4-3 Association between means of hematological parameters and 

chemotherapy  

Parameter chemotherapy P-value 

Received 

chemotherapy 

Not received 

chemotherapy 

PLT 233.96±111.01 289.39±107.51 0.08 

MPV 10.40±0.92 9.98±0.81 0.09 

PDW 12.32±2.23 11.20±1.68 0.05 

PLCR 28.14±7.40 24.81±6.56 0.09 

PCT 0.23±0.10 0.28±0.10 0.1 

D-Dimer 1.87±2.68 1.55±2.26 0.6 

PLR 167.25±119.0 154.43±94.49 0.6 
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4.6 Frequency of metastasis among case group 

 

Among this study eleven of prostate cancer patients( 22%) were with metastasis whereas 

39 (78%) without metastasis as shown Figure (4-3). 

 

 
Figure: 4-3 Frequency of metastasis among case group 
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4.7 Association between means of hematological parameters and metastasis 

The result showed no significant statistical difference between  mean of hematological 

parameters among metastatic patients P-value > 0.05 as in Table (4-4).  

 

Table: 4-4 Association between means of hematological parameters and metastasis 

Parameter Metastasis P-value 

Patients with 

metastasis 

Patients without 

metastasis 

PLT 250.80±99.76 261.62±115.73 0.7 

MPV 10.18±1.16 10.21±0.82 0.9 

PDW 12.21±2.62 11.71±1.92 0.5 

PLCR 26.77±8.99 26.57±6.75 0.9 

PCT 0.25±0.09 0.26±0.10 0.7 

D-Dimer 2.40±3.11 1.55±2.31 0.3 

PLR 171.42±118.70 158.84±106.04 0.7 
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Chapter V 

5. Discussion, Conclusion and Recommendation 

5.1 Discussion 

Prostate cancer is the second most commonly diagnosed male malignancy and the 5
th

 

leading cause of cancer death in men worldwide (Rawla, 2019).  In Sudan, in males the 

prostate cancer is on top of the incidence (Maki, 2022). 

In this study one hundred individuals were included; 50 prostate cancer patients (cases) 

and 50 healthy volunteers (controls) were matching in age and sex. Age ranging from 50 

to 85 years old with mean age (67.14±7.3) years in case and control, A similar result was 

also shown in study in Indonesia conducted by Adhyatma and Warli (2019), they 

reported that the mean age of prostate cancer patients was 67.99 ± 7.48 years old. 

D-dimer is one of the fibrin degradation products and the level of D-dimer is a result of 

fibrinolysis activation. Elevated plasma D-dimer levels are seen in patients with various 

cancer types, because procoagulant factors lead to activation of the coagulation cascade  

result in thrombin generation followed by fibrin formation (Caliskan and Sungur, 2017). 

This study showed that D-dimer levels were higher in patients with PCa than in control 

group with p-value (0.00). This is in line with (Kalkan and Caliskan, 2020) in Turkey, 

who stated that D-dimer level was significantly higher in patients with prostate cancer 

compared to patients with benign prostatic hyperplasia. This also supported by the study 

of Tarabrin et al., (2019), who reported that levels of D-dimer increase significantly in 

patients with prostate cancer. The authors from Turkey found significant elevation in D-

dimer levels in patients with prostate cancer compared to patients with BPH, Also agrees 

with study in Korea by Hong et al., (2010), they found that prostate cancer group had 

significantly higher plasma D-dimer levels than control. 

Recent investigations showed that platelets play critical roles in mediating cancer cells 

growth, dissemination, and angiogenesis (Sharma et al., 2014). Activated platelets are 

associated with cancer progression and metastasis (Goubran et al., 2014) 

The hematological results in our study revealed that patients had significantly higher 

mean platelet volume, platelet distribution width, platelet large cell ratio and plateletcrit 

than control with (p-value = 0.00). This is compatible with two studies conducted in 

China by Fu et al., (2018) and (Song et al., 2022)  who reported that patients with PCa 
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had an elevated PDW, and disagrees with (Fu et al., 2018) and (Song et al., 2022), they 

reported that the MPV was reduced in PCa patients, also disagrees with (Börekoğlu et al., 

2020) in Turkey, reported that there was no significant difference between PCa patients 

and patients with benign conditions according to the MPV, PDW and PCT.  

Current study showed that PCa patients had higher platelet count and PLR than control 

group, but there was no statistical difference. This result agrees with (Börekoğlu et al., 

2020), they reported that there was no significant difference between the patients with 

prostate cancer and patients with benign conditions according to the platelet counts, also 

consistent with (Börekoğlu et al., 2020), they found that there was no significant 

difference between the patients with prostate cancer and patients with benign conditions 

regarding the  PLR, and also disagrees with study in Indonesia conducted by Adhyatma 

and Warli (2019), they reported that the PLR was higher in patients with prostate cancer. 

This study also disagrees with (Guo et al., 2018) in China, they found that the patients 

with prostate cancer had a higher PLR. 

Current study revealed that patients receiving chemotherapy had higher PDW than 

patients were not (P-value = 0.05), and showed no significant difference in D-Dimer, 

platelets indices and PLR in relation to chemotherapy (P-value >0.05). This is in line 

with (Başeskioğlu et al., 2019) who reported that there was no correlation between MPV 

and chemotherapy. 

The present study also showed no significant statistical difference in mean of 

hematological parameters between metastatic and non-metastatic patients P-value > 0 

.05, this finding is in line with ( Hong et al 2010) in Korea, concluded that subjects with 

organ confined disease and those with an extra prostatic extension of a tumor had not 

demonstrated any significant differences in the preoperative D-dimer  levels, and also 

disagrees with (Saglam and Cimen 2021) in Turkey, they reported that metastatic PCa 

had higher D-dimer values than non-metastatic PCa, and this findings also disagree with 

(Zhang et al., 2019) who reported that PLR significantly increase in PCa patients with 

bone metastases and is valuable in the diagnosis of bone metastases in PCa patients. 
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5.2 Conclusion  

This study conclude that : 

The D.dimer levels are higher in patients with prostate cancer. Also markers of platelets 

activation (MPV) and (PDW) were significantly increased in prostate cancer, prostate 

cancer patients had also higher PCT and PLCR. Furthermore, prostate cancer patients 

who receiving chemotherapy had higher PDW than patients were not receiving 

chemotherapy. 
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5.3 Recommendation  

This study recommend 

 D-dimer should be considered for patients with prostate cancer to detect signs of 

Disseminated intravascular coagulation. 

 In order to get more informative data should use further investigations for prostate 

cancer patients include ( protein C, protein S and thrombin generation tests). 

 Further studies should be conducted using large sample size to obtain more 

accurate results. 
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Appendix 

Appendix I 

Sudan University of Science and Technology 

College of Graduate Studies 

Assessment  of  D-dimer, platelets count and platelets indices among Sudanese Men 

with prostate cancer in Khartoum state – 2022 

Questionnaire No (       ) 

Basic information 

Age : ……………………………………  Residence : ………………………………… 

Mobile number ………………………...   Diagnosis : …………………………………. 

Duration : ………………………………   Metastasis : ………………………………… 

 History of  

Bleeding (     )                             Stroke (     )                                     DVT (     ) 

Drugs history  

Aspirin (      )                           chemotherapy (      )                         others (       ) 

If yes : currently (      )           on the past (       )                            duration (      ) 

History of other chronic disease : (     ) if yes  Type : …………………………………….. 

Laboratory investigation results 

1. Hematological parameters            

Platelets count : …………………cell/L    Neutrophil ……………………..  %              

MPV : …………………………….FL       Neutrophil …………………….. cell/L 

PDW : ……………………………..FL       Lymphocyte …………………… % 

P-LCR : ……………………………%       Lymphocyte ………………….. cell/L 

PCT : ………………………………%        PLR ……………………………   

2. D-dimer ……………………           NLR  ……………………………..                                           



Appendix II 

 جامعت السودان للعلوم و التكىولوجيا

 كليت الذراساث العليا 

 كليت علوم المختبراث الطبيت 

مشروع لقياس مستوى الذً دايمرو حساب الصفائح الذمويت و مؤشراث الصفائح الذمويت، وسبت 

الذمويت لليمفاوياث بيه الرجال السوداوييه المصابيه بسرطان العذلاث للمفاوياث و وسبت الصفائح 

 البروستاتا بولايت الخرطوم

لقياس مستوى الذً دايمرو حساب الصفائح الذمويت و مؤشراث استمارة الموافقت علي بحث 

الصفائح الذمويت، وسبت العذلاث للمفاوياث و وسبت الصفائح الذمويت لليمفاوياث بيه الرجال 

 ه المصابيه بسرطان البروستاتا بولايت الخرطومالسوداويي

 

 ٝعرثش اىسشغاُ احذ الأٍشاض اىرٜ ذسثة حاىح فشغ اىرخثش اىرٜ ذؤدٛ اىٚ ذنُ٘ اىجيطاخ اىرٜ َٝنِ أُ ذؤدٛ ىي٘فاج.

أّا تاحثح ٍِ ميٞح عيً٘ اىَخرثشاخ اىطثٞح تجاٍعح اىس٘داُ أقً٘ تثحث ىقٞاس ٍسر٘ٙ اىذٛ داَٝش ٗ حساب اىصفائح 

ٍ٘ٝح ٗ ٍؤششاخ اىصفائح ىَعشفح ٍا ارا ماُ اىَشظٚ اىَصاتِٞ تسشغاُ اىثشٗسراذا عشظح ىيجيطاخ أً لا حرٚ اىذ

 ٝرسْٚ عَو اىفح٘صاخ اىلاصٍح ٗ ذ٘فٞش اىعلاج ىٌٖ.

ٗ حرٚ أسرطٞع أُ أقً٘ تٖزا أغية ٍْل اىَشاسمح فٜ ٕزا اىثحث. ٗ ارا ٗافقد سأقً٘ تأخز عْٞح دً لإجشاء 

 اىفح٘صاخ.

 ٕزٓ اىعْٞح ىِ ٝعشظل ىيخطش ٗ سأسرخذً أدٗاخ ٍعقَح لأخز اىعْٞاخ.ٗ أخز 

 ٗ أعيٌ تأُ عذً ٍ٘افقرل عيٚ اىَشاسمح ىِ ٝحشٍل ٍِ حقل فٜ اىعلاج ٗ اىشعاٝح اىصحٞح اىَطي٘تح.

 ٗ أّل ىِ ذريقٚ أٛ عائذ ٍادٛ ىَشاسمرل فٜ اىثحث ٗ سرنُ٘ ٍشاسمرل غ٘عٞح.

 ٗ أٗد اخطاسك تأُ اىَعيٍ٘اخ اىخاصح تل سرنُ٘ سشٝح ٗ ىِ ٝطيع عيٖٞا اٟخشُٗ ٍا عذٙ 

أٗد ٍ٘افقرل عيٚ اىَشاسمح فٜ ٕزا اىثحث ٗ َٝنْل أُ ذسأه ٗ ذسرفسش عِ اىثحث ٗ ٍشاسمرل فٞٔ قثو اىَ٘افقح 

 اىْٖائٞح. ٗ أسج٘ اثثاخ ٍ٘افقرل تإٍعاء الاسرَاسج تعذ قاسئرٖا جٞذا 

 

.............................................. أٗمذ فَٖٜ ىَحر٘ٙ الاسرَاسج ٗ أفٞذ تَ٘افقرٜ عيٚ اىَشاسمح فٜ أّا ......

 اىثحث ٗ أعيٌ أّٔ ٍِ حقٜ سفط اىَشاسمح ٗ الاّسحاب فٜ أٛ ٗقد ٗ ىِ ٝؤثش رىل عيٚ حق٘قٜ.

 ٗ أٗافق عيٚ أخز اىعْٞح ىيثحث.

 ..............................الاٍعاء : ...........................
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Sysmex XN hematology analyzer 
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