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					ABSTRACT  

					Background: Cervical cancer continues to be a significant public health concern with late diagnosis and access to  

					diagnostics being some of the reasons behind poor outcomes especially in low and middle-income countries. This study  

					aimed to evaluate selected hematological and iron-related biomarkers in women with cervical cancer and determine their  

					relationship with disease duration.  

					Methods: This analytical study was a hospital-based study carried out at Imo State University Teaching Hospital, Orlu,  

					Nigeria, consisting of 100 participants (80 cervical cancer patients and 20 apparently healthy controls). Serum ferritin,  

					serum iron, platelet count, and white blood cell count were analyzed using standard laboratory methods. The analysis of  

					data was done at the level of significance of p ≤ 0.05.  

					Results: Serum ferritin, platelet count, and white blood cell count were significantly higher in cervical cancer patients than  

					in healthy controls, whereas serum iron levels were significantly lower (p < 0.05). Biomarker levels varied with disease  

					duration. Ferritin was positively correlated with disease duration, whereas serum iron, platelet count, and white blood cell  

					count were negatively correlated. Although platelet and white blood cell counts were higher in patients than in controls,  

					both parameters showed a declining trend with increasing disease duration.  

					Conclusion: These results suggest that iron dysregulation and systemic inflammation are related to cervical cancer.  

					Functional iron deficiency has been indicated by the concomitant presence of high ferritin and low serum iron. Regular  

					monitoring of these biomarkers may enhance clinical evaluation.  
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					INTRODUCTION  

					Cervical cancer is a highly preventable type of cancer,  

					but it is an important public health issue, especially in  

					low and middle-income nations where vaccination,  

					screening, and treatment access are low1. It is mainly  

					associated with high-risk human papillomavirus (HPV)  

					infection and although there have been advances in HPV  

					serves as both a marker of iron storage and an acute-  

					phase reactant. Consequently, elevated ferritin levels in  

					cancer may reflect inflammation or tumor burden rather  

					than true iron sufficiency. Previous studies have  

					associated elevated ferritin concentrations with adverse  

					pathological characteristics, including lymph node  

					involvement and parametrial invasion, while more  

					recent findings suggest a relationship with disease  

					progression and poorer prognosis like the involvement  

					of lymph nodes and parametrial invasion19,20, whereas  

					the newer findings refer to the progressive disease and  

					the worse prognosis21. Nigerian cervical cancer patients  

					have also reported reduced serum iron levels, which  

					again agrees with the fact that iron dysregulation22 exists.  

					Cervical cancer is also characterized by platelet  

					abnormalities. Inflammatory cytokines, including  

					vaccination  

					the  

					global  

					burden  

					is  

					reportedly  

					disproportionate. Cervical cancer is the fourth most  

					prevalent cancer in women worldwide with an incidence  

					of about 660,000 and mortality of about 350,000 in 2022  

					1,2,3. The sub-Saharan Africa has been the most affected  

					region with the highest incidence and mortality rates  

					prompting global efforts at eliminating the disease  

					through better early detection and surveillance  

					methods4.  

					Cervical cancer is one of the major health issues in  

					Nigeria, where the incidence rate is approximately 26.2  

					per 100,000 women and the mortality rate is 14.3 per  

					100,000.2,1,5. It is a top cause of cancer morbidity and  

					mortality, annually causing thousands of new cases and  

					putting more than 50 million women at risk6,7,8. Late  

					presentation, low awareness, sociocultural barriers and  

					poor screening and HPV vaccination uptake contribute  

					to the high burden with screening rates frequently being  

					less than 10%9-14. High cost of care, poor infrastructure,  

					and insufficient screening programs are also structural  

					factors that make the diagnosis slow leading to poor  

					outcomes12.  

					In addition to its infectious etiology, cervical cancer has  

					been recognized to be a systemic disease with major  

					hematological and metabolic changes. The bleeding  

					related to the tumor, the persistent inflammation,  

					nutritional deficiency, and the effect of the treatment  

					precondition the measurable alteration of blood  

					parameters and iron homeostasis that affect the oxygen  

					delivery, immune response, and the final prognosis15,16  

					The anemia associated with cancer is usually  

					multifactorial and comprises iron deficiency, iron  

					interleukin-6,  

					stimulate  

					thrombocytosis,  

					which  

					contributes to tumor progression, angiogenesis and  

					metastasis and has been linked to advanced disease and  

					poor prognosis23. Similarly, changes in white blood cell  

					(WBC) profiles are an indication of tumor-host  

					interactions. Poorer outcomes have been shown to be  

					associated with leukocytosis, which can be activated by  

					inflammation or tumor factors, and local studies have  

					shown that inflammatory mediators are associated with  

					disease severity in Nigerian patients17,24,25  

					.

					In Nigeria, there has been a recent trend of research to  

					assess these biomarkers as a group. In Owerri, a study  

					revealed that serum ferritin, serum iron, platelet count  

					and WBC profiles give a composite picture of disease  

					burden and systemic response26. Nevertheless, such  

					integrated analyses remain limited and most existing  

					studies focus on individual biomarkers.  

					In general, the changes in the ferritin level, serum iron,  

					platelet count, and WBC profiles are biologically  

					significant and have clinical significance in cervical  

					cancer. Nevertheless, a gap in the literature exists,  

					especially in Nigeria whereby not many studies have  

					tested these biomarkers in a single framework. These  

					biomarkers provide an effective way of enhancing  

					disease monitoring, risk stratification, and clinical  

					management due to the high burden of late presentation,  

					chronic inflammation, and limited resources17,5,24,21. This  

					highlights the necessity of additional research into their  

					joint clinical use, especially in the environments where  

					inexpensive and convenient diagnostic methods are  

					needed23.  

					.

					sequestration  

					caused  

					by  

					inflammation,  

					and  

					erythropoiesis disruption. The low hemoglobin levels  

					contribute to tumor hypoxia, which facilitates  

					radioresistance and increases the severity of clinical  

					outcome17. The patterns were also reported in Nigeria,  

					where the hematologic and biochemical changes were  

					reported to correlate with the disease progression18.  

					Serum ferritin and serum iron are important iron-related  

					biomarkers, and their combined assessment is clinically  

					important. While serum iron reflects the amount of  

					circulating iron available for physiological use, ferritin  
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					Laboratory Analysis: FBC, platelet count and white  

					blood cell profile were measured using an automated  

					hematology analyzer according to the manufacturer’s  

					METHODS  

					Design, Area, and Population of the study: A  

					hospital-based analytical case-control study was carried  

					out at Imo State University Teaching Hospital  

					(IMSUTH), Orlu, Nigeria, which is a tertiary referral  

					hospital serving the South Eastern part of Nigeria. 80  

					Adult women involved in the study were recruited from  

					gynecology and oncology clinics and 20 control  

					participants were recruited as well. The participants in  

					controls were the hospital staff, relatives of patients as  

					well as women visiting regular medical check-ups. The  

					design allowed a direct comparison of profiles of  

					biomarkers in disease and non-diseased individuals in  

					the same clinical context and adhered to the principles  

					of reporting observational studies27.  

					Sample Size and Sampling Technique: A total of 100  

					participants comprising 80 cervical cancer patients and  

					20 apparently healthy controls were recruited during the  

					study period. Cases were recruited consecutively as they  

					presented at the hospital until the required number was  

					attained, while controls were recruited independently  

					according to the eligibility criteria28. Efforts were made  

					to recruit controls within similar adult age categories to  

					minimize age-related confounding.  

					Eligibility Criteria: Cases were included as adult  

					women with confirmed cervical cancer and gave  

					informed consent, whereas controls were presumably  

					healthy adult women without a history of cervical cancer.  

					To prevent confounding of hematological and iron-  

					related parameters, patients who had undergone a blood  

					transfusion within the past three months, had other  

					hematological conditions, and those who had acute  

					infections were excluded.  

					Disease Stratification: The duration of disease was  

					used to stratify cervical cancer patients into four  

					categories, namely: 0-4 months, 5-8 months, 9-12  

					months and >12 months. Duration was calculated using  

					a documented date of diagnosis in relation to  

					recruitment, which would allow to evaluate the change  

					in biomarkers throughout the disease course.  

					procedures  

					and  

					laboratory  

					standard  

					operating  

					procedures3,30. A standard immunoassay of antigen-  

					antibody reactions was used to measure serum ferritin,  

					and the intensity of the signal is proportional to the  

					ferritin concentration31. The level of serum iron was  

					analyzed by a colorimetric technique of ferrozine, in  

					which iron released by transferrin was complexed with  

					ferrozine to produce a colored complex which could be  

					measured spectrophotometrically32.  

					Quality Control: Quality assurance measures involved;  

					calibration of equipment, internal control sample usage  

					and the abidance of standard operating procedures.  

					Samples that were hemolyzed, clotted or incorrectly  

					labeled were excluded and recollected where possible to  

					guarantee reliability of results3.  

					Data Collection and Clinical Assessment: The  

					structured proforma was used to gather demographic  

					and clinical data and unique identifiers were used to  

					guarantee anonymity. Clinical and histopathological  

					evidence was used to diagnose cervical cancer and  

					patient records were used to stage the cancer using the  

					FIGO classification system33.  

					Statistical Analysis: The data were analyzed with the  

					help of Statistical Package of Social Sciences (SPSS 25.0)  

					version (IBM Corp., Armonk, NY, USA). Continuous  

					variables were given in mean ± standard deviation. The  

					Shapiro-Wilk test was used to evaluate normality data  

					was not normally distributed. Therefore, non-parametric  

					tests were used: Mann-Whitney U test compare cases  

					and controls and Kruskal-Wallis test to compare  

					between the duration groups. The use of post-hoc test  

					by Dunn was to determine the pair-wise differences  

					where necessary. The rank correlation used by Spearman  

					measured the relationship between the variables, and the  

					multiple regression analysis was used to determine the  

					predictors of the hematological and iron-related  

					biomarkers. The level of statistical significance was fixed  

					at p < 0.0527.  

					Collection, Process and storage of the samples:  

					Venous blood was aseptically collected in about 8 mL  

					from each participant. Three millilitres were placed into  

					EDTA anticoagulant tubes for haematological  

					investigations and the remaining 5 millilitres were placed  

					in plain tubes for serum preparation. Samples were  

					processed as soon as they were collected. The serum was  

					separated after clotting and centrifuged, and then  

					carefully stored at −800C until analysed29.  

					Ethical Considerations: The Health Research Ethics  

					Committee of IMSUTH (IMSUTH/CS/121) gave its  

					ethical approval. All participants were informed and the  

					confidentiality ensured using coded identifiers as per the  

					standard ethical principles in human research27.  
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					RESULTS  

					the levels of ferritin, platelets, and WBC count among  

					cervical cancer patients compared to controls (p < 0.05).  

					However, the levels of iron were significantly reduced  

					among patients compared to controls (p < 0.001). The  

					age difference was however not significant between the  

					two groups.  

					Comparative Analysis of Hematological and Iron-  

					related Biomarkers in Cervical Cancer Patients and  

					Controls  

					Hematological and iron-related biomarkers distributions  

					differed significantly in cervical cancer patients and  

					controls. There was a statistically significant increase in  

					Table 1: Comparison of Biomarkers between Case and Controls  

					Variable  

					Cases (Mean ± SD)  

					(N=80)  

					52.31 ± 11.69  

					Controls (Mean ± SD)  

					(N=20)  

					47.70 ± 12.62  

					U value  

					957.0  

					p-value  

					0.177  

					Age (Years)  

					Ferritin (ng/mL)  

					Serum Iron (µg/dL)  

					228.70 ± 75.10  

					60.78 ± 13.68  

					146.53 ± 36.46  

					107.41 ± 52.51  

					1477.0  

					418  

					<0.001*  

					0.001*  

					Platelet (×109L)  

					WBC (×109L)  

					269.72±45.67  

					6.63±1.74  

					217.01±43.99  

					5.34±0.87  

					1312.5  

					1192.5  

					<0.001*  

					<0.001*  

					Effect Size of Differences between Cases and Controls  

					Effect size was also measured to supplement the statistical significance in order to establish the strength of difference  

					between cervical cancer patients and controls. Ferritin showed large effect size, which means a significant increase in  

					patients. Serum iron also had a significant effect size, which indicates a significant decrease in cases. Platelet count and  

					white blood cell count had moderate to large effect sizes which indicate clinically significant differences between the  

					groups. The age had a small effect size and this proved that there was no significant difference between cases and controls.  

					Duration of Cervical Cancer Variation of Biomarkers  

					The biomarker levels were different in the duration categories. Ferritin rose as the period of disease went on and serum  

					iron, platelet count, and white blood cell count had decreasing trends. The age did not differ significantly in the duration  

					groups. The results of post-hoc analysis (Dunn test) showed that significant differences were found between early (0-4  

					months) and late (>12 months) duration groups, and the changes were progressive between intermediate categories.  

					Table 2 Biomarker Variation across Disease Duration  

					Variable  

					0-4  

					months 5-8 months (N=20  

					9-12  

					months >12  

					months H-Test p-value  

					(N=20)  

					(N=20)  

					(N=20)  

					Age (Years)  

					52.25 ± 11.49  

					54.40 ± 12.70  

					255.47 ± 54.01  

					51.32 ± 12.36  

					237.83 ± 48.24  

					51.29 ± 10.81  

					234.70 ± 52.16  

					0.948  

					0.814  

					<0.001*  

					Ferritin  

					(ng/mL)  

					Serum  

					216.97 ± 123.22  

					16.565  

					Iron 63.72 ± 10.73  

					66.24 ± 11.33  

					60.48 ± 11.58  

					53.05 ± 16.90  

					9.915  

					0.019*  

					(µg/dL)  

					Platelet (×109L) 273.55±35.20  

					271.75±42.10  

					6.45± 1.20  

					262.70±38.50  

					5.80±1.00  

					248.70± 33.80  

					6.32± 1.70  

					8.458  

					21.539  

					0.037*  

					<0.001*  

					WBC (×109L)  

					7.25±2.10  

					KEY: S.D –Standard deviation; WBC- White Blood Cells; * Significant  

					Correlation between Biomarkers and Duration of Cervical Cancer  

					Analysis of correlation indicated that disease duration had a strong positive correlation with changes in the measured  

					biomarkers. Ferritin correlated positively with duration whilst serum iron, platelet count, and white blood cell count were  

					correlated negatively.  
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					Table 3: Correlation of Biomarkers with Disease Duration  

					Parameters  

					R

					p-value  

					Ferritin vs Duration  

					Iron vs Duration  

					0.444  

					<0.001*  

					0.008*  

					0.008*  

					-0.296  

					-0.296  

					-0.468  

					Platelet vs Duration  

					WBC vs Duration  

					<0.001*  

					Key r-Correlation Coefficient; * Significant  

					The correlation of the Platelet Count with the Age, White Blood Cell Count, Serum Iron and Ferritin.  

					Additional examination revealed that the number of platelets had poor connections with the chosen clinical variables.  

					Although platelet count was found to have a weak negative correlation with ferritin which was statistically significant, its  

					relationship with age and white blood cell count and serum iron were not statistically significant.  

					Table 4: Correlation of Platelet Count with Selected Parameters  

					Parameters  

					R

					p-value  

					Age  

					0.169  

					0.138  

					-0.037  

					-0.262  

					0.297  

					0.221  

					0.746  

					0.019*  

					WBC (×109L)  

					Serum Iron (µg/dL)  

					Ferritin (ng/mL)  

					Multivariate Biomarker Predictor Analysis  

					The multiple regression analysis indicated that serum iron and white blood cell count reduction were significantly predicted  

					by duration of cervical cancer after controlling the age. But the duration did not have any significant predictive value of  

					ferritin or platelet levels.  

					Table 5: Predictors of Biomarker Levels (Multivariate Analysis)  

					Outcome  

					Predictor  

					p-value  

					Ferritin  

					Iron  

					Duration  

					Duration  

					Duration  

					Duration  

					0.472  

					0.007*  

					0.246  

					<0.01*  

					Platelet  

					WBC  

					KEY: * Significant  

					Diagnostic Performance of Biomarkers in Predicting Cervical Cancer  

					The receiver operating characteristic (ROC) analysis was conducted to determine the capacity of the biomarkers studied  

					in determining the difference between cervical cancer patients and controls. Ferritin had the best diagnostic value, serum  

					iron had the second-best, platelet count and WBC had moderate predictive values.  

					Table 6: ROC Diagnostic Performance of Biomarkers  

					Biomarker  

					Ferritin  

					AUC  

					0.87  

					0.82  

					0.74  

					0.71  

					Interpretation  

					Excellent  

					Good  

					Serum Iron  

					Platelet  

					Fair  

					WBC  

					Fair  
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					DISCUSSION  

					anemia of chronic disease, in which the iron circulating  

					is depleted regardless of the normal or high levels of  

					ferritin20. Likewise, the research on gynecological  

					cancers has indicated that serum iron can be more  

					accurate in indicating the functional iron availability than  

					ferritin36. The gradual decrease in iron over the duration  

					of the disease indicates increasing iron dysregulation,  

					which is probably caused by ongoing inflammation,  

					tumor metabolism and chronic blood loss.  

					This research compared hematological and iron-related  

					biomarkers in women with cervical cancer and also  

					investigated their change with respect to duration of the  

					disease. The results showed a steady trend of high serum  

					ferritin, platelet count, and white blood cell (WBC)  

					count, and low serum iron levels in the patients relative  

					to the controls. Besides this, the biomarker expression  

					was also dependent on the disease duration, which  

					implies that these changes do not happen suddenly but  

					instead change gradually. The lack of a substantial age  

					disparity between cases and controls enhances the  

					internal validity of the results indicating that the detected  

					alterations of the biomarkers are more linked to tumor  

					biology and host response as opposed to age-associated  

					hematological variation34.  

					The research has also shown that there were high platelet  

					counts, which is in support of cancer-related  

					thrombocytosis. Cytokines, including interleukin-6,  

					mediate this phenomenon and stimulate thrombopoiesis  

					and tumor progression, angiogenesis, and metastasis38,39  

					.

					The platelet level, however, decreased with the duration  

					of the disease, implying that thrombocytosis can be  

					more intense in the early inflammatory stages of the  

					illness. This is in line with results that platelet counts can  

					also fall in late stages as a result of bone marrow  

					suppression, nutritional deficiencies, or treatment  

					effects40. The findings of these observations suggest that  

					platelet count is a dynamic indicator of host-tumor  

					interactions and not a fixed indicator of malignancy.  

					In the same way, the white blood cell counts of cervical  

					cancer patients were higher than normal, which was  

					anticipated by the tumor-associated inflammation and  

					leukocytosis caused by cytokines, which have been  

					associated with poor prognosis39,40. It is important to  

					note that WBC levels decreased as the disease duration  

					increased, and experienced the most negative correlation  

					between the biomarkers. This can be an indication of a  

					shift in early inflammatory stimulus to immune  

					suppression or exhaustion in chronic disease conditions.  

					The same has been described in cancer progression  

					whereby leukocytosis can be replaced by leukopenia as  

					bone marrow becomes exhausted or the entire body  

					degrades.40,42  

					Correlation analysis also proved to be coordinated  

					between biomarkers with ferritin having a positive  

					correlation with disease duration and serum iron, platelet  

					count, and WBC having negative correlations. The  

					results obtained confirm the idea that iron metabolism  

					and hematological parameters changes are incorporated  

					in the development of cervical cancer. Even though the  

					correlation between ferritin and iron was not statistically  

					significant, this is biologically feasible and in line with  

					iron sequestration during inflammatory conditions37.  

					Multivariate analysis showed that the duration of the  

					disease was a predictor of decrease in serum iron and  

					WBC independently, indicating their further use as  

					One of the main findings was the high levels of serum  

					ferritin among cervical cancer patients, and that their  

					levels were gradually growing according to the categories  

					of disease duration. This is in agreement with the dual  

					nature of ferritin as an iron storehouse protein and an  

					acute-phase reactant. Inflammatory cytokines including  

					interleukin-6 stimulate ferritin production and iron  

					uptake in malignancy resulting in an increase in the levels  

					of ferritin in the context of chronic inflammation35,19  

					.

					Cases of similar associations have been found with  

					gynecological malignancies, in which increased ferritin is  

					associated with tumor burden and disease progression36.  

					The observation of progressive increase in ferritin as the  

					disease duration increases is further evidence that it is a  

					cumulative inflammatory and metabolic stressor.  

					Nevertheless, opposing evidence has been given in a  

					Nigerian cohort where the levels of ferritin were found  

					to be lower26, indicating that ferritin expression can be  

					affected by factors, including nutritional status,  

					distribution of disease stages and inflammatory load.  

					This shows how complicated the interpretation of  

					ferritin can be and how it is necessary to measure it with  

					other iron indices.  

					Conversely serum iron levels were found to be greatly  

					decreased and decreased as the disease duration  

					increased, which was in line with functional iron  

					deficiency that is usually observed in chronic  

					inflammatory and malignant diseases. Mechanisms in  

					such states involving the sequestration of iron in  

					macrophages and hepatocytes by hepcidin restrict its  

					supply to erythropoiesis despite sufficient or excessive  

					storage37,38. This is the reason why there was a co-  

					existence of high ferritin and low serum iron in this  

					research. These results are in line with the reports of  
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					predictors of chronicity of diseases. Conversely, the  

					indices as convenient measures of disease presence and  

					independent significance was not maintained in ferritin  

					and platelet count, probably because they are prone to  

					various confounding factors, such as inflammation,  

					tumor activity, and nutritional status.  

					development,  

					environments.  

					especially  

					in  

					resource-restricted  

					Declarations  

					On the whole, these results line up with the emerging  

					data that malignancy is linked to complicated  

					dysregulation of iron metabolism and hematological  

					homeostasis, which is marked by ferritin elevation,  

					serum iron decline, and a shift in blood cell  

					phenotypes43,19. Notably, the current research provides  

					the contribution of region-specific data of a Nigerian  

					population, where such integrated analyses are limited.  

					The findings highlight the significance of integrating the  

					interpretation of biomarkers because using a single  

					parameter can be inaccurate in cancer contexts.  

					Taken together, these results indicate that cervical cancer  

					is an expression of programmed hematological and  

					metabolic changes, where the biomarker profiles at  

					different disease stages are both the result of  

					inflammation-mediated iron-binding and changing host  

					responses.  
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