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Abstract
Background: Peripheral cytopenias, including anemia, thrombocytopenia, bicytopenia, and pancytopenia, are common findings in patients with hematological malignancies (HMs) and often necessitate bone marrow evaluation for definitive diagnosis. This study aimed to determine the spectrum of HMs and their association with various patterns of peripheral cytopenia at a major oncology center in Aden, Yemen.
Methods: This descriptive, retrospective study included 70 patients diagnosed with HMs at the Hematology Department of the National Oncology Center, Aden, between January 2019 and December 2020. All patients underwent comprehensive assessment including history, physical examination, full blood count, and bone marrow aspiration/biopsy. Data were analyzed using SPSS version 26, with a p-value < 0.05 considered statistically significant.
Results: Peripheral cytopenia was present in 84.3% (n=59) of HM patients. The median age was 50 years, with a male-to-female ratio of 1.5:1. Bicytopenia was the most common pattern (52.5%), followed by isolated anemia (27.1%), pancytopenia (10.2%), and isolated thrombocytopenia (10.2%). Acute leukemias constituted 61.0% of cases among cytopenic patients, with Acute Lymphoblastic Leukemia (ALL) and Acute Myeloid Leukemia (AML) being the most frequent subtypes. A significant association was found between AML and both pancytopenia (83.3% of pancytopenic cases) and isolated thrombocytopenia (50.0% of isolated thrombocytopenic cases) (p<0.05). Conversely, Multiple Myeloma (MM) was significantly associated with normal peripheral blood counts (36.4% of non-cytopenic cases) (p<0.05). Bone marrow examination in cytopenic patients frequently revealed hypercellularity, decreased erythrocyte precursors, and decreased megakaryocytes, indicative of ineffective hematopoiesis and marrow infiltration.
Conclusion: Peripheral cytopenia is highly prevalent among HM patients in Aden, with bicytopenia being the dominant pattern. The strong association between acute leukemias and severe cytopenias underscores the aggressive nature and advanced presentation of these malignancies in this population. These findings are crucial for guiding diagnostic strategies and clinical management in resource-limited settings and emphasize the importance of prompt bone marrow examination in patients with unexplained multi-lineage cytopenia.
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1. Introduction
Hematological malignancies (HMs) encompass a diverse group of neoplastic disorders originating from hematopoietic and lymphoid tissues, manifesting as leukemias, lymphomas, or myelomas. (Jaffe et al 2001)¹ These diseases often disrupt normal hematopoiesis, leading to a reduction in one or more mature blood cell lines in the peripheral circulation, a condition collectively termed peripheral cytopenia. (Kumar et al 2024)² Cytopenias can present as isolated deficiencies (anemia, thrombocytopenia, or leukopenia), a reduction in two cell lines (bicytopenia), or a reduction in all three cell lines (pancytopenia). (Murshed et al 2025)³
The presence of cytopenia is a critical clinical sign, frequently as the initial indicator of underlying bone marrow pathology, including HM. (de Almeida et al 2023)⁴ In particular, bicytopenia and pancytopenia are considered serious clinic-hematological entities with a broad differential diagnosis, often pointing towards significant bone marrow suppression or infiltration by malignant cells. (Sharma et al 2023)⁵ Given the high morbidity and mortality associated with severe cytopenias, especially in settings with limited healthcare resources, understanding the local spectrum of HMs and their specific cytopenic presentations is vital for timely and accurate diagnosis and management. (Logeshwaran et al 2024)⁶
The current study focuses on a patient cohort from the National Oncology Center in Aden, Yemen, a region where data on the precise epidemiological and clinical patterns of HMs remain scarce. While previous local studies have indicated a high prevalence of lymphomas (Al-Nabhi et al 2017)⁷ and highlighted the significance of pancytopenia, (Hamid et al 2008)⁸ a comprehensive analysis linking the full spectrum of HMs to specific patterns of peripheral cytopenia is lacking. This research therefore aims to bridge this knowledge gap by providing an in-depth analysis of the relationship between HM subtypes and cytopenia patterns. To the best of our knowledge, this is the first study from Aden, Yemen, that comprehensively correlates the complete spectrum of hematological malignancies with specific patterns of peripheral cytopenia. The findings are intended to provide crucial clinical insights for diagnostic triage and inform optimized diagnostic protocols in resource-constrained settings like Yemen.
2. Methods
2.1. Study Design and Setting
This was a descriptive, retrospective study conducted at the Hematology Department of the National Oncology Center in Aden, Yemen. The study period spanned from January 2019 to December 2020.
2.2. Study Population
The study included a total of 70 patients who were definitively diagnosed with a hematological malignancy based on bone marrow examination and other necessary investigations.
Inclusion criteria comprised: 1) age ≥ 15 years; 2) new diagnosis of HM confirmed by bone marrow aspiration/biopsy and WHO criteria; 3) availability of complete medical records including full blood count at diagnosis.
Exclusion criteria were: 1) patients with incomplete diagnostic data; 2) patients with secondary/recurrent malignancies; 3) patients who had received chemotherapy or radiotherapy prior to the diagnostic workup at our center.
2.3. Data Collection and Diagnostic Procedures
Data were collected from patient records and included demographic information, clinical presentation, and laboratory results. The diagnostic workup for all patients included:
· Detailed history and physical examination.
· Full Blood Count (FBC) to assess for peripheral cytopenia.
· Bone Marrow Aspiration and Biopsy, which was essential for the diagnosis and classification of HMs according to the World Health Organization (WHO) criteria.
· Other complementary tests, such as immunophenotyping, BCR-ABL testing, and radiological/serological tests, were performed as required for specific diagnoses.
2.4. Definitions of Cytopenia
Peripheral cytopenia was defined as a reduction below the normal limit in one or more mature blood cell types.
· Anemia: Hemoglobin < 10 g/dL.
· Leukopenia: Total Leukocyte Count < 3,000/mm³.
· Neutropenia: Absolute Neutrophil Count < 1,800/mm³.
· Thrombocytopenia: Platelet Count < 100,000/mm³.
· Bicytopenia: Reduction in any two cell lines.
· Pancytopenia: Reduction in all three cell lines (red cells, white cells, and platelets).
2.5. Statistical Analysis
Data entry and analysis were performed using the Statistical Package for the Social Sciences (SPSS version 26, IBM Corp., Armonk, NY, USA). Descriptive statistics (frequencies, percentages, median) were used to summarize the data. The Chi-square test (or Fisher's exact test for expected cell counts <5) was used to assess the statistical significance of associations between categorical variables, with a p-value of less than 0.05 considered statistically significant.
3. Results
3.1. Patient Demographics and Cytopenia Prevalence
A total of 70 patients with HMs were included in the study. The cohort consisted of 42 males (60.0%) and 28 females (40.0%), resulting in a male-to-female ratio of 1.5:1. The age of the patients ranged from 15 to 80 years, with a median age of 50 years.
Peripheral cytopenia was a highly prevalent finding, observed in 84.3% (n=59) of the patients, while only 15.7% (n=11) had a normal peripheral blood count.
3.2. Spectrum of Hematological Malignancies
The distribution of HMs diagnosed by bone marrow examination among the entire cohort (n=70) is presented in Table 1.
Table 1: Frequency of different hematological malignancies in the study cohort.
	Hematological Malignancy
	Number (n)
	Percentage (%)

	Acute Lymphoblastic Leukemia (ALL)
	20
	28.6

	Acute Myeloid Leukemia (AML)
	17
	24.3

	Non-Hodgkin's Lymphoma (NHL)
	9
	12.9

	Multiple Myeloma (MM)
	9
	12.9

	Chronic Myeloid Leukemia (CML)
	5
	7.1

	Chronic Lymphocytic Leukemia (CLL)
	4
	5.7

	Hodgkin's Lymphoma (HL)
	4
	5.7

	Essential Thrombocytosis (ET)
	1
	1.4

	Myelodysplastic Syndrome (MDS)
	1
	1.4

	Total
	70
	100.0


Acute leukemias (ALL and AML) were the most frequent diagnostic category, accounting for 52.9% (37/70) of all cases.
3.3. Patterns of Peripheral Cytopenia
Among the 59 patients presenting with cytopenia, the distribution of cytopenia patterns was as follows:
Table 2: Distribution of peripheral cytopenia patterns in HM patients (n=59).
	Type of Cytopenia
	Number (n)
	Percentage (%)

	Bicytopenia
	31
	52.5

	Isolated Anemia
	16
	27.1

	Pancytopenia
	6
	10.2

	Isolated Thrombocytopenia
	6
	10.2

	Total
	59
	100.0


Bicytopenia and pancytopenia together constituted a significant majority, representing 62.7% of all cytopenic presentations.
3.4. Association Between HM Subtype and Cytopenia Pattern
The relationship between the type of HM and the pattern of cytopenia revealed several key associations (Table 3).
Table 3: Distribution of Cytopenia Patterns Across Hematological Malignancies (Row percentages shown).
	Diagnosis
	Pancytopenia n (%)
	Bicytopenia n (%)
	Isolated Anemia n (%)
	Isolated Thrombocytopenia n (%)
	Total n

	AML
	5 (29.4%)
	7 (41.2%)
	2 (11.8%)
	3 (17.6%)
	17

	ALL
	0 (0.0%)
	14 (70.0%)
	3 (15.0%)
	3 (15.0%)
	20

	MDS
	1 (100.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	1

	NHL
	0 (0.0%)
	4 (44.4%)
	3 (33.3%)
	2 (22.2%)
	9

	MM
	0 (0.0%)
	0 (0.0%)
	5 (55.6%)
	0 (0.0%)
	9

	CML
	0 (0.0%)
	3 (60.0%)
	1 (20.0%)
	1 (20.0%)
	5

	CLL
	0 (0.0%)
	2 (50.0%)
	1 (25.0%)
	1 (25.0%)
	4

	HL
	0 (0.0%)
	2 (50.0%)
	2 (50.0%)
	0 (0.0%)
	4

	ET
	0 (0.0%)
	0 (0.0%)
	1 (100.0%)
	0 (0.0%)
	1


*Statistical Analysis Note: The Chi-square test (or Fisher's exact test where applicable) was used to assess associations. A statistically significant association was found between AML and the overall distribution of cytopenia patterns (p=0.005). For other diagnostic categories, the small sample sizes preclude robust statistical comparisons; the table presents descriptive frequencies and row percentages for clinical reference.*
· Acute Myeloid Leukemia (AML) showed a statistically significant association with both pancytopenia and isolated thrombocytopenia. AML accounted for 83.3% of all pancytopenic cases.
· Acute Lymphoblastic Leukemia (ALL) was the most common cause of bicytopenia (45.2% of bicytopenic cases).
· Multiple Myeloma (MM) was significantly associated with a normal peripheral blood count (36.4% of non-cytopenic cases) compared to cytopenic cases (8.5%) (p=0.011).
3.5. Bone Marrow Findings in Cytopenic Patients
Analysis of bone marrow findings in the cytopenic group (n=59) revealed significant pathological changes compared to the non-cytopenic group (n=11):
· Cellularity: The cytopenic group showed significant hypercellularity (45.8%) compared to the non-cytopenic group (36.4%), and the non-cytopenic group showed significant normocellularity (54.5%) (p=0.028).
· Erythroid Precursors: Erythroid precursors were significantly decreased in the cytopenic group (79.7%) compared to the non-cytopenic group (36.4%) (p=0.004).
· Megakaryocytes: Decreased megakaryocytes were significantly more prevalent in the cytopenic group (50.8%) compared to the non-cytopenic group, where no patient (0.0%) showed decreased megakaryocyte numbers (p=0.004).
These findings strongly suggest that the peripheral cytopenia is primarily due to the replacement of normal hematopoietic tissue by malignant cells and subsequent ineffective hematopoiesis.
4. Discussion
The findings of this study confirm the high prevalence of peripheral cytopenia in patients with HMs, with 84.3% of the cohort presenting with this condition. This figure is consistent with international literature, which often reports a prevalence exceeding 80% in HM patients (Jha et al., 2008)⁹. The median age of 50 years and the male predominance (M:F ratio 1.5:1) align with demographic trends observed in cancer epidemiology in the Middle East (Alessy et al., 2024)¹⁰.

The most striking observation is the dominance of acute leukemias (ALL and AML), which constituted over half (52.9%) of all HMs. This represents a potential epidemiological shift from an earlier Yemeni study (2008–2010) which reported lymphomas as the most prevalent HM (Hamid, 2012)¹¹. This shift may reflect improved diagnostic ascertainment, changing referral patterns, or a genuine change in disease burden. More critically, it underscores a late presentation pattern in our setting, where patients often seek care only after significant bone marrow compromise has occurred. The high proportion of acute leukemias is directly linked to the observed cytopenia patterns, particularly the high rates of bicytopenia (52.5%) and pancytopenia (10.2%), which together constituted 62.7% of cytopenic presentations.
Our findings align with studies on pancytopenia etiology from South Asia and the Middle East, where hematological malignancies constitute a major cause (Jawass et al 2026, Khunger et al., 2002; Tilak & Jain, 1999 ,Jawed et al., 2024) ¹2,¹³,¹⁴,¹⁵. For instance, a study from India reported acute leukemias as the leading cause of pancytopenia in adults, similar to our observations (Yadav et al., 2014)¹⁶. However, the preponderance of bicytopenia in our cohort is notably higher than in some international reports, possibly reflecting later-stage presentation due to systemic healthcare challenges in Yemen.

The predominance of bicytopenia over isolated cytopenias suggests that patients in Aden frequently present with advanced-stage disease, where malignant infiltration has disrupted multiple hematopoietic lineages. This is further supported by bone marrow findings showing hypercellularity with diminished erythroid and megakaryocytic precursors—a hallmark of marrow replacement and ineffective hematopoiesis (Aqil et al., 2025)¹7. In resource-limited settings like Yemen, delayed diagnosis due to limited access to specialized care, financial constraints, and low health literacy likely contribute to this pattern. The clinical implication is clear: any adult presenting with unexplained bicytopenia in this region should be considered high-risk for an underlying HM, particularly acute leukemia, and should undergo expedited bone marrow examination (Kumar et al., 2024)².
The strong and statistically significant association between AML and pancytopenia (83.3% of pancytopenic cases) is a critical diagnostic indicator. While myelodysplastic syndrome (MDS) is classically associated with pancytopenia, its low prevalence in this cohort (1.4%) suggests that in our setting, pancytopenia is a powerful predictor of acute myeloid malignancy. Similarly, the association of AML with isolated thrombocytopenia (50.0%) highlights the early and severe impact of the disease on megakaryopoiesis. These findings emphasize the importance of prioritizing AML in the differential diagnosis of pancytopenia in adults in Yemen, even in the absence of classic leukemic blasts in the peripheral smear (Khunger et al., 2002)¹³.
Conversely, the finding that Multiple Myeloma (MM) was significantly associated with a normal peripheral blood count (p=0.011) is expected but clinically instructive. MM is a plasma cell dyscrasia that often presents with lytic bone lesions, renal failure, and hypercalcemia, with peripheral cytopenia typically developing later in the disease course due to extensive marrow replacement or treatment effects (Hamid & Abbas, 2022)¹8. This underscores the need for serum protein electrophoresis and skeletal surveys in patients with bone pain or renal impairment, even in the absence of cytopenia, to avoid missed diagnoses.
The bone marrow findings provide the pathological basis for the peripheral blood picture. The significant hypercellularity coupled with the decreased erythroid and megakaryocyte precursors in the cytopenic group confirms that the cytopenia is a result of ineffective hematopoiesis and the physical crowding out of normal precursor cells by the malignant blast population, a hallmark of acute leukemia (Aqil et al., 2025)¹⁸. This marrow–blood disconnect—where a hypercellular marrow coexists with peripheral cytopenia—is a key diagnostic clue that should prompt immediate suspicion of an infiltrative marrow process such as acute leukemia or advanced lymphoma.
In the Yemeni context, where advanced laboratory support (e.g., flow cytometry, molecular genetics) is often unavailable, bone marrow aspiration and biopsy remain the cornerstone of diagnosis (Jawed et al., 2024)¹⁵. Our findings reinforce that morphological assessment of marrow cellularity and lineage composition is a highly informative and accessible tool for differentiating HMs from other causes of cytopenia such as nutritional deficiencies or infections.
The contrast with the earlier Aden study (2008–2010) that reported lymphomas as the most common HM (Hamid, 2012)⁷ may indicate a true epidemiological shift, or more likely, improved diagnostic capability and referral patterns for acute leukemias at our tertiary center. Nevertheless, the consistent theme across time and region is that hematological malignancies are a leading cause of severe cytopenias, necessitating a high index of suspicion (Agarwal et al., 2015; Dubey et al., 2016)19,20.
The high prevalence of multi-lineage cytopenia at presentation suggests that patients in our region often seek medical attention at advanced disease stages. This underscores an urgent need for public health initiatives aimed at early detection of hematological disorders, including community awareness programs and primary care physician training on recognizing warning signs such as unexplained bruising, persistent fatigue, or recurrent infections (Logeshwaran et al., 2024)⁶.
In clinical practice, our findings support the recommendation that unexplained bicytopenia or pancytopenia in adults, particularly in the Yemeni context, should be considered a red flag for potential HM and warrants prompt bone marrow evaluation to rule out acute leukemias (Sharma et al., 2023)⁵. Furthermore, in settings where bone marrow biopsy is not immediately available, empirical supportive care (transfusions, antibiotics) should be initiated while expediting referral to a hematology center.
Study Limitations and Context: This single-center, retrospective study has inherent limitations, including a modest sample size and potential referral bias. The data were collected during a period of profound humanitarian crisis in Yemen, which undoubtedly affects healthcare access, diagnostic delay, and disease stage at presentation. These factors may accentuate the observed trend of late presentation with severe cytopenias. Future multi-center prospective studies are needed to validate these findings and explore survival outcomes.
5. Conclusion
This hospital-based study provides contemporary evidence that peripheral cytopenia is a hallmark presentation of hematological malignancies in Aden, Yemen, affecting over 84% of patients. Acute leukemias, particularly ALL and AML, constitute the majority of HMs and are strongly associated with multi-lineage cytopenias, with bicytopenia being the most frequent pattern. The statistically significant association of AML with pancytopenia, along with the pathological correlate of hypercellular, infiltrated bone marrow with diminished erythropoiesis and megakaryopoiesis, explains the peripheral blood findings and provides essential local data for improving diagnostic algorithms. These findings highlight the critical role of prompt bone marrow examination in the diagnostic pathway for unexplained cytopenias, particularly in resource-limited settings like Yemen. Future efforts should focus on improving diagnostic capabilities, raising clinical awareness, and facilitating earlier patient presentation to improve outcomes in this vulnerable population.
6. Recommendations
1. Unexplained cytopenia, especially bicytopenia or pancytopenia, in adults should prompt early consideration of hematological malignancy and expedited bone marrow examination.
2. Capacity building for diagnostic hematology, including flow cytometry and molecular studies, is crucial in Yemen.
3. National health policies should focus on improving access to diagnostic services and essential chemotherapy regimens.
4. Further multi-center studies are needed to explore etiological factors and survival outcomes.
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