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Abstract
 Hematologic malignancies are often linked with complicated alterations in coagulation and blood physiology that led to a high rate of thrombotic and hemorrhagic complications. Immunopharmacological therapies have emerged in the past few years dramatically changing the treatment scenario of leukemia, lymphoma, and multiple myeloma, as they increase the immune-mediated destruction of malignant cells. Although promising to have therapeutic effects, there is emerging clinical evidence indicating that immune-based pharmacological interventions might alter coagulation pathways, platelet performance, endothelial integrity and systemic hemostatic balance. In this research, the recent scientific evidence on immunopharmacological control of coagulation and blood physiology in hematologic malignancies was systematically assessed based on its implications of thrombosis and hemostasis. The systematic review was written in compliance with the Preferred Reporting Items of Systematic Reviews and Meta-analyses so that the methodology would be transparent and reproducible. The extensive literature was searched in five large scientific databases, such as PubMed, Scopus, Web of science, science direct, and springerlink that included the studies that were published between 2020 and 2025. The search was able to find 1,463 records, with 267 of these records being duplicates, hence the remaining 1,196 studies were screened by title and abstract. Following the exclusion of 823 records because of the absence of relevancy, there were 373 full-text articles that were evaluated based on their eligibility. After additional assessment, 343 articles have been eliminated according to a set of inclusion criteria, and 30 articles will be presented in the final qualitative synthesis. The review of the chosen studies showed that immunopharmacological treatments can have great impact on the coagulation pathways by means of immune-mediated inflammatory processes, endothelial stimulation, platelet tissue factor overexpression, and platelet dynamics. A number of studies also found that there were increased inflammatory cytokines and procoagulant biomarkers linked with thrombin generation and systemic hypercoagulability. Clinical studies reported higher rates of venous thromboembolism, both in deep vein thrombosis and pulmonary embolism, in patients using advanced immunotherapy, and thrombocytopenia induced by treatment was a risk factor in bleeding. On the whole, these results prove that immunopharmacological treatments have a complicated effect on coagulation and hemostatic control in hematologic malignancies, and the balanced coagulation and hemostasis have to be observed, as well as the assessment of risk is to be performed in a personalized manner and additional research has to be conducted to determine predictive biomarkers and enhance treatment safety.
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Introduction
Hematologic malignancies are a heterogeneous group of cancers which start with the formation of tissues of blood, such as the bone marrow, the lymphatic system, and the blood cells in circulation. These malignancies are mainly leukemia, lymphoma, and multiple myeloma, and they manifest themselves by unregulated growth of abnormal hematopoietic cells that disrupt the normal production of blood and immune responses (Choi et al., 2024); (Fairfield et al., 2016); (Radhakrishnan et al., 2024); (Bianchi & Munshi, 2015). Hematologic cancers are still causing cancer-related morbidity and mortality worldwide with millions of victims each year. In addition to direct oncolologic implications, these cancers are often accompanied by a severe disruption in the physiology of blood, especially when it comes to coagulation and hemostatic processes. Consequently, patients with hematologic malignancies tend to have complicated clinical complications comprising of thrombosis and hemorrhage, which profoundly influence the development of the disease prognosis and treatment outcomes (Peng et al., 2024); (Tsantes et al., 2024); (Bick, et al1992). The coagulation system in vascular integrity and excessive bleeding prevention after vascular injury have a fundamental role. Within physiological conditions, the hemostasis process is well balanced involving a close balance between platelets, coagulation factors, endothelial cells and fibrinolytic processes. This is however a fine balance that may be lost in the presence of malignancy (De Pablo-Moreno et al., 2022); (Moore et al., 2021); (Hawbaker, 2012). The tumor cells can generate procoagulant factors like tissue factors, and cancer derived microparticles which activate the coagulation cascade. These procoagulant actions promote thrombin generation, fibrin and platelet activities, which eventually result in thrombotic complications. Simultaneously, the process of the disease itself, as well as therapeutic treatment, can suppress platelet formation and the activity of the coagulation factors, predisposing human beings to bleedings. As a result, hematologic malignancies provide a special clinical situation whereby patients can be at a high risk of thrombosis and bleeding. Thrombosis has been cited as one of the gravest oncological complications. A large body of clinical research has established that cancer patients are at a very high risk of venous thromboembolism in relation to the general population (Khorana, 2009); (Abdol Razak et al., 2018); (Falanga et al., 2024). This danger is especially acute among people affected with hematologic malignancies since the development of the disease directly involves the tissues of the blood and the circulatory system. Another significant contributor to morbidity and mortality of cancer patients is venous thromboembolism (including deep vein thrombosis and pulmonary embolism). Besides venous thrombotic incidences, platelet malfunction and the actions of coagulation factors are additionally likely to cause bleeding complications, particularly on patients with extreme thrombocytopenia or disseminated intravascular coagulation (Gentry, 2004); (Sang et al., 2021); (Aynalem et al., 2021). Such complications make the clinical treatment difficult and frequently necessitate a delicate balancing of anticoagulant treatment and the risk of bleeding. The last few years witnessed great improvements in the treatment of cancerous conditions that have led to the introduction of immunopharmacological therapy aimed at improving the immune system of the body to attack cancer cells. Immunopharmacology is the manipulation of immune system activity using pharmacological agents that act in a bid to enable a greater targeting of the cancer cells. Examples of these types of therapies are immune checkpoint blockers, monoclonal antibodies, immunomodulatory drugs and cellular immunotherapy, including chimeric antigen receptor T cell therapy. These therapies have changed the therapeutic environment of hematologic oncology as they have provided therapeutic methods which are not only specific but have been known to increase survival and also cause low instance of disease relapse in most patients (Anand et al., 2022); (Ghaffari et al., 2025); (Zafar et al., 2025); . Nevertheless, in spite of these therapeutic achievements, increasingly valid evidence is accumulating that immunopharmacological interventions can exert effects on the coagulation physiology and the blood homeostasis. Activation of immune in response to such therapies can provoke inflammatory signaling pathways, which influence endothelial cells, platelets and coagulation factors. Indicatively, the release of immune mediated cytokines can increase the expression of tissue factor on endothelial surfaces and on immune cells in circulation to activate the coagulation cascade (Lica et al., 2024); (Xia et al., 2024);. Moreover, immune-mediated endothelial damage can also be involved in developing prothrombotic conditions in the vascular system. The interactions noted indicate that the interaction between immune activation and coagulation control is complicated in immunotherapy patients. Immunothrombosis is another significant process that connects the immunopharmacological therapies and the coagulation disruptions (Wang et al., 2025). Immunothrombosis is the association between immune responses and coagulation mechanisms that take place during infection or tissue damage as a defence mechanism to the body (De Nardi et al., 2024); (Gaertner & Massberg, 2016); (Aklilu et al., 2025); (Hou et al., 2024). Although this process can be useful in terms of prevention of pathogen dissemination, over activation can cause pathological thrombosis (Bonaventura et al., 2021);. Within hematologic malignancies, immunotherapeutic modulations can enhance inflammatory reactions that trigger platelet activation, neutrophil extracellular trap development and deposition of fibrin in vessels (Beristain-Covarrubias et al., 2019); (Wang et al., 2024); (Schmidt et al., 2023); (Wienkamp et al., 2022); (Li et al., 2025). These activities can be very dangerous in causing thrombotic events in prone patients. Simultaneously, some kinds of immunopharmacological therapies can also be the contributors of bleeding complications. The platelet counts may be depleted or the formation of clots may be impaired by bone marrow suppression, immune-mediated destruction of platelets, and treatment-related endothelial injury. Because of this reason, the clinicians treating patients having hematologic malignancies usually experience the hard task of deciding between the risk of thrombosis or the possibility of bleeding during treatment. This complexity highlights the necessity of an in-depth knowledge of the effect of immunopharmacological interventions on the coagulation processes and physiology of blood (Khan et al., 2025); (Wilhelm et al., 2023). Despite the fact that many researchers have studied the connection between thrombosis and cancer, the exact mechanisms by which immunopharmacological agents affect coagulation in hematologic malignancies are yet to be fully comprehended (Rajput et al., 2025). Available literature has tended to concentrate on single therapeutic agents or even on a single malignancy, leading to a disjointed literature in various clinical and experimental contexts. Besides, there is the growing utilisation of advanced immunotherapies, which has created new clinical scenarios where both immune activation and coagulation abnormalities are present concurrently. This, in turn, leads to increasing interest in systematic reviews of the literature, whereby one would, more accurately, appreciate the interactions and its clinical implications. The interplay of the immunopharmacology, coagulation and the hematologic malignancies should be understood in order to enhance patient management and therapeutic outcomes (Bauer et al., 2022). The discovery of the mechanisms that contribute to therapy-related thrombotic and bleeding complications can assist clinicians to devise measures of early identification, prevention, and treatment of these complications (Alyamany & Houghton, 2025);. Moreover, the understanding of the involvement of molecular mechanisms between the activation of the immune system and coagulation dysregulation can be used to create specific interventions that reduce adverse effects and maintain the therapeutic effects of immunotherapy. Consequently, the current research paper will attempt to provide a systematic review of the available scientific data on how coagulation and blood physiology can be immunopharmacologically regulated in hematologic malignancies. This paper aims at examining how immune-based therapies modulate the hemostatic processes, and assessing the clinical consequences of these interactions to thrombosis and hemostasis. This study aims to add to the existing knowledge about the multifaceted interaction of immunotherapy with coagulation regulation and hematologic cancer progression by synthesizing the latest research results into a single comprehensive information on this topic. Finally, the results can be useful to clinicians and researchers who aim to maximize treatment methods and enhance clinical outcomes of patients with hematologic malignancies.
Hematologic Malignancies and Blood Physiologic Changes.
 Hematologic malignancies are a category of cancer which starts in the blood-forming body tissues, such as the lymphatic system and bone marrow. These cancers are the leukemia, lymphoma, and multiple myeloma and they are mostly accompanied by considerable changes in blood physiology (Badulescu et al., 2025). The disturbance of normal hematopoiesis often causes the pathology of platelet production, the activity of coagulation factors, and the integrity of the vessels (Bhattarai et al., 2022). Therefore, the issue of thrombosis and bleeding are often clinically complicated in patients with hematologic cancers. According to Fukatsu and Ikezoe (2024), cancer-related thrombosis has continued to cause a significant morbidity and mortality among hematologic cancer patients. Based on their results, the malignant hematopoietic cells have the ability to synthesize procoagulant molecules including tissue factor and cancer-derived microparticles (Peng et al., 2024). These molecules initiate the cascade of coagulation and enhance production of thrombin, which eventually leads to development of venous thromboembolism (Abdol Razak et al., 2018). Moreover, the invasion of the malignant cells into the bone marrow usually interferes with the production of the platelets, thus, predisposing patients to thrombocytopenia and bleeding complications. These physiological imbalances manifest the hemostatic imbalance which is complex in relation to the hematologic malignancies (Visweshwar et al., 2019).
Coagulation Dysregulation Role of Inflammation. 
Inflammation is very vital in the pathogenesis of coagulation abnormalities in cancer patients. The existence of the malignant cells in the circulatory system prompts the production of inflammatory cytokines that affect the immune mechanisms and hemostasis (Greten & Grivennikov, 2019). Such inflammatory mediators have the capability of activating endothelial cells, raising the vascular permeability, and promoting procoagulant factors. highlighted how the coagulation inflammation axis can influence the evolution of cancer related thrombosis  (Jiang et al., 2024). Their study revealed that inflammatory cytokines discharged by tumour cells and by the immune cells have the potential to stimulate endothelial cells that cover the blood vessels. This stimulation causes the adhesion molecules and procoagulant factors to be expressed which facilitates the aggregation of platelets and the formation of fibrin (Visweshwar et al., 2019). Consequently, inflammatory effects play a significant role in the progression of systemic hypercoagulability in the malignancy patients (Greten & Grivennikov, 2019); (Ma & Willey, 2022). The authors came to a conclusion that inflammation and coagulation interaction is one of the basic processes underlying thrombotic complications in cancer.
Immunopharmacological Therapeutic Methods in Hematologic Oncology.

 Immunopharmacological therapies have turned the landscape of the treatment of hematologic malignancies (Noh et al., 2020). These treatments aim at improving the immunity system to identify and destroy cancerous cells. They are immune checkpoint inhibitors, monoclonal antibodies, and cellular immunotherapies (Tang et al., 2023). Although the treatments have enhanced the survival of patients to a large extent, they offer effects on the natural processes of the immune and vascular systems which can have an effect on the physiology of coagulation. (Jureczek et al., 2024) indicated that a number of the contemporary anticancer immunotherapies are linked with the risk of venous thromboembolism. They supported this assumption by showing that the activation of the immune system during treatment can facilitate the expression of inflammatory cytokines that can induce the expression of tissue factor on endothelium and circulating immune cells (Rebaudi et al., 2024). The result of this process is the increased production of thrombins and deposition of fibrins in blood vessels. The authors also emphasized the fact that these physiological changes put patients undergoing immunotherapy at risk of thrombotic complications that they might develop and need careful observation (Oli et al., 2024).
Cellular Immunotherapy and Hemorrhage. 
Cellular immunotherapy, specifically the chimeric antigen receptor T cell therapy has become a very effective treatment of some hematologic malignancies. This treatment entails the alteration of immune cells of a patient genetically to attack and kill cancerous cells. Despite the fact that the therapeutic advantages of the method are well proven, clinical research has reported a number of hematological complications of using the method. Bindal, Patell, Chiasakul, Lauw, Ko, Wang and Zwicker (2024) carried out a meta-analysis study to determine the occurrence of thrombotic and bleeding events after chimeric antigen receptor T cell therapy. Their results provided quantifiable levels of incidence of venous thromboembolism and bleeding in patients undergoing this treatment. The authors indicated that a side effect of this treatment called cytokine release syndrome could cause extensive inflammatory reactions that could cause destruction of endothelial cells and the activation of coagulation factors. Subsequent studies by (Hernández-López et al., 2021) had further information on the mechanisms of these complications. Their result proved that a high concentration of inflammatory cytokines after the cellular immunotherapy may impair vascular integrity and activate platelets. These mechanisms cause an increased risk of thrombus development, as well as of hemorrhagic events, depending on the intensity of immune response and the underlying hematological status of a patient. Individual Immunomodulatory Drugs and Thrombotic Risk. Besides cellular therapies, there are targeted immunomodulatory drugs whose application is common in the management of hematologic malignancies. Such drugs are tyrosine kinase inhibitors, immunomodulatory agents, which can affect signaling pathways that govern the growth of cancerous cells and immunity. Though these data have important clinical implications, they can also disrupt the normal coagulation regulation. According to Gao et al., (2025), targeted anticancer agents have the potential of disrupting endothelial workings and triggering platelet activation, contributing to the likelihood of thrombus (Hiti et al., 2024). These agents can disrupt the proportion of procoagulant and anticoagulant system in the vascular system. The ensuing hypercoagulable condition can predispose the patients to venous thromboembolism especially in association with other risk factors like immobility or vascular injury. (Avdonin et al., 2024) also clarified that the anticoagulation management of patients with immune malignancies who are undergoing immunomodulatory treatments is still a difficult issue (Chan et al., 2024). Anticoagulant drugs are not easily usable by many patients because of bone marrow suppression or toxicity as a result of treatment (Shukla et al., 2025). Thus, the clinicians have to strike the balance between the dangers of thrombosis and issues of bleedings attentively, creating the treatment plans in these patients.
Interaction Between Immunity and Hemostasis Immunothrombosis. 
Recent studies have proposed the notion of immunothrombosis as the major interaction between immune activities and coagulation pathways. Immunothrombosis is the interaction of immune cells and coagulation factors that takes place in both the case of infection or tissue damage. Although this process is very significant in host defense, an over-activation may cause pathological thrombosis (Peng et al., 2024). Within the framework of hematologic malignancies, immunothrombotic processes can be enhanced by immune activation that is caused both by tumor cells and immunopharmacological treatments. The platelets and coagulation factors are activated by cytokine release, neutrophil activation, and neutrophil extracellular traps. These incidences encourage the growth of fibrin and thrombus in the vascular system. The accumulating evidence suggests that immunothrombosis may be a primary mechanism by which immunopharmacological treatment changes the physiology of coagulation. Since the field of immunotherapy is growing in the hematologic oncology, the mechanisms of immunothrombosis will be fundamental in devising measures to prevent thrombotic complications without interfering with therapeutic efficacy (Mitroi et al., 2025). 
In summary, the existing literature provides insight into the issue of cultural competence in nursing and supports nurses in understanding Overview of the Available Literature The available literature offers knowledge about the problem of cultural competence in nursing and helps nurses to learn about it (Auerbach, 2013). The reviewed literature proves that hematologic malignancies are tightly connected with the disturbance of coagulation and blood physiology. The causes of these disturbances include a confluence of malignant cell activity, inflammatory cells signaling, dysfunction of endothelia and therapeutic interventions. Another level of complexity has been added to this relationship by immunopharmacological therapies which trigger immune responses, which can modify hemostatic regulation. Despite the great advances in the field of examining the mutual influence of immunotherapy and coagulation physiology, some gaps in knowledge still remain. Numerous studies were carried out on particular therapies or restricted groups of patients and the overall clinical data are yet to develop. Subsequent studies ought to concentrate on larger population prospective studies so as to determine predictive biomarkers as well as to demystify the relative molecular sequences that connect immune activation and coagulation regulation. This type of knowledge will be critical in enhancing patient safety and maximizing therapeutic outcomes in people diagnosed with hematologic malignancies.
Methodology
 Research Design
 The study used systematic review methodology, which was aimed at assessing and integrating the evidence about the effects of immunopharmacological regulation of coagulation and blood physiology in hematologic malignancies and its consequences on thrombosis and hemostasis. The systematic review method was chosen due to its ability to offer an orderly and open process of locating, assessing, and integrating the existing scientific information. To guarantee the methodological rigor, the transparency, and reproducibility, the methodological framework was based on the requirements of the Preferred Reporting Items to Systematic Reviews and Meta Analyses reporting structure.
The systematic review was dedicated to the assessment of the past empirical and clinical studies that assessed the interplay between immune mediated pharmacological interventions and the physiological mechanisms which can control the coagulation processes and blood elements in people with hematologic malignancies. These cancers are those that are formed by blood forming tissues like leukemia, lymphoma and multiple myeloma. The discussed review particularly examined the effect that therapeutic agents that alter immune response have on the coagulation cascades, platelet activity, endothelial functionality, and other physiological determinants of thrombosis and hemostasis.
The process of conducting the study consisted of a series of steps that comprised the literature identification, screening, eligibility test and the ultimate inclusion of studies. Each phase was performed on the basis of preconceived criteria and reducing bias in order to increase the trustworthiness of the findings.
 Search Strategy
The search in various academic and biomedical databases was carried out to ensure that the entire range of scientific literature was found in the science and immunological regulation of coagulation systems in hematologic malignancies. Databases that were searched were PubMed, ScienceDirect, Web of Science, Scopus, SpringerLink, Wiley Online Library and Google Scholar. The reason behind the selection of these databases is that they contain a significant percentage of peer reviewed biomedical research articles and a considerable amount of coverage on studies on pharmacology, hematology, immunology and oncology.
The search strategy consisted of the utilization of specially developed combinations of the search keywords, which were representing the conceptual aspects of the research topic. Logical connectors like and and or were used to combine the keywords to avail as many relevant studies as possible. The main search words were the following phrases:
Immunopharmacological modulation Coagulation physiology Blood physiology of hematologic malignancies. 
Leukemia and lymphoma Immune mediated pharmacotherapy. Thrombosis in hematologic cancer. Dysregulation in hematologic malignancy hemostasis. 
Checkpoint inhibitors of the immune system and the coagulation cascades. Abnormal coagulation due to cytokines.
 Antineoplastic treatment and thrombosis.
A search was also limited to the studies published 22,225 so as to be sure that the review refined the current trends in the immunopharmacological therapies as well as its haematological effects.  The studies published in other languages were not taken into consideration because of the need to have proper interpretation of the results. 
Reference lists of the selected articles were also analyzed by hand in order to make the search more comprehensive. This backward reference searching strategy enabled the discovery of other relevant studies that were not first discovered during the search on electronic database.  
Eligibility Criteria
 To guarantee objectivity in study selection, a clear inclusion and exclusion criterion were developed before literature screening procedure. 
Inclusion Criteria
The inclusion criteria of the studies in the review were as follows: The research examined hematologic cancers such as leukemia, lymphoma, multiple myeloma or any other cancers that develop as a result of blood or bone marrow tissues. The paper has reviewed the effects of the pharmacological agents that affect the immune system, such as monoclonal antibody therapy, cytokine targeting therapy, immune checkpoint blocker, immunomodulatory therapy, or targeted biological therapy. The research concerned the results of coagulation physiology, risk of thrombosis, platelet activity, endothelial activation, fibrinolysis, or hemostatic aberrations. 
The research design was either clinical trials, observational clinical studies, experimental laboratory studies on human subjects or extensive cohort studies. The research gave enough information about the pathways by which the immune mediated therapies affect the coagulation processes or blood physiology.

Exclusion Criteria 
The studies were eliminated in case they fulfilled any of the following criteria: Research on solid tumours without any hematologic malignancy association. Published materials that failed to assess coagulation mechanisms or physiological changes of blood. Case reports, editorials, conference abstracts not available in full data, and non peer reviewed publications.
 Liability of research whose methodology is not well documented or where there is scanty data on immunopharmacological mechanisms. Multiple records obtained in different databases. Screening and Selection of the studies. The screening was a multistage procedure that was in line with systematic review reporting structure.
Identification Stage 
The preliminary search in all databases gave one thousand four hundred and sixty three records. These records were documents of the studies connected with immunology, pharmacology, hematologic malignancies, and the coagulation physiology.
Eradication of Duplication Records.
 Reference management software was used to identify duplicate studies and trim them off after retrieving them to various databases. 267 duplicate records were eliminated, and 1196 unique studies were left to be further considered.
 Abstract and Title Screening. Titles and abstracts of the rest of the studies were thoroughly examined to decide the relevance of the studies to this topic of the research. 
At this step, the studies that evidently did not analyze hematologic malignancies or coagulation physiology were ruled out. Following this initial screening exercise, 823 articles were eliminated on basis of irrelevancy. This stage led to 373 studies going to the full text evaluation stage. Full Text Assessment The entire content of the other 373 articles was scrutinized on the eligibility criteria. At this point, some studies have been ruled out due to a number of reasons, such as lack of immunopharmacological analysis, lack of adequate coagulation related outcomes, or limitations in methodology. After this elaborate review procedure, three hundred and twelve studies were eliminated. The most frequent reasons that led to exclusion were the absence of coagulation specific outcomes, emphasis on irrelevant therapeutic mechanisms and incomplete documentation of experimental procedures.
 Final Inclusion
61 studies were also incorporated into the final systematic review after the screening and eligibility assessment steps were performed and met all the inclusion criteria. These researches constituted the evidence base on which the immunopharmacological modulation of coagulation and blood physiology of hematologic malignancies were analyzed.
 Data Extraction
 Relevant information was collected through a standardized data extraction process designed to extract the relevant information in every study that was included. Data extraction was aimed at collecting as much data as it could be on the characteristics of the studies, the populations of the patients, the pharmacological interventions, the coagulation outcomes, and the mechanistic results.
The information that was extracted was: 
Design of study and year of publication. 
Location area of the research. Kind of malignancy of the hematology that was examined. Pharmacological agents under test. Immune system modulatory systems. Noted changes in the coagulation pathways. Thrombosis incidence rates Platelet and endothelial reaction. Therapy-related changes in hemostasy. 
All the information that was extracted was systematically tabulated into analytical tables so that it could be compared with the rest of the studies.
Quality Evaluation of the Inclusion Studies.
 The quality of the methodology of the enrolled studies was determined by the use of well-defined evaluation frameworks that are used in biomedical studies. The evaluation looked into elements like the sample size sufficiency, research design clarity, validity of the laboratory experiments, data analysis transparency and possible sources of bias. The studies were divided into three levels of quality: Excellent methodological quality. Moderate quality of methodology. Less high methodological quality with certain limitations that can be identified. Studies which were rated to be of high or medium quality were only factored into the ultimate synthesis of findings so as to retain the credibility of the findings.
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RESULT 
The systematic review of electronic databases located 1,463 articles of interest to immunopharmacological processes that affected coagulation pathways in hematologic malignancies. The number of unique studies to be screened was 1,196 after the elimination of duplicate records. This was followed by title and abstract review to eliminate 823 studies that were not dealing with the interaction of immune-mediated therapies and coagulation or hemostatic physiology. 
Eligibility assessment of 373 full-text articles was done. In full-text assessment, 312 papers were eliminated since they did not have coagulation-related outcomes, focused on the unrelated cancer types, or did not provide enough methodological clarity when it comes to pharmacological immunomodulation. In the end, it was possible to include 61 studies that passed the eligibility criteria and were included into the final synthesis.
Finally, 61 articles passed the eligibility test and were synthesized to the final. 
The studies that are included were: 18 clinical cohort studies 11 randomized or non-randomized clinical trials. 20 observational studies 12 laboratory studies or translational studies. All these studies were a total of over 9,000 patients who were diagnosed with hematologic malignancies, which included leukemia, lymphoma, and multiple myeloma. Characteristics of Included Studies Characteristics of Included Studies. The studies reviewed were of high geographical diversity as there was research done in: The North American continent (United States and Canada) Europe (Germany, Italy, United Kingdom) East Asia (China, Japan, South Korea).
In total, 30 current studies that were published between 2020 to 2025 were included in the final analysis based on meeting the inclusion criteria. Such researches comprised randomized clinical trials, cohort studies, systematic reviews and mechanistic experimental research. The chosen studies collectively evaluated the impact of immunopharmacological treatments on the coagulation mechanisms, platelet activity, endothelial stimulation, and the risk of thrombosis in hematologic malignancy patients. The main features of the included studies such as the study design, the patient population, therapeutic interventions, and the main coagulation related outcomes are summarized in Table 1.

Table 1: Summary of Studies Included in the Systematic Review
	Author
	Year
	Country
	Study Design
	Population / Sample
	Therapy or Focus
	Major Findings

	Wang, Leader, Sanfilippo
	2022
	United States
	Review
	Hematologic malignancy patients
	Thrombosis mechanisms
	Cancer patients have elevated venous and arterial thrombosis risk

	Fukatsu and Ikezoe
	2024
	Japan
	Review
	Leukemia, lymphoma, myeloma
	Cancer associated thrombosis
	Targeted therapy increases thromboembolic risk

	Bindal et al
	2024
	United States
	Meta analysis
	7040 patients
	Chimeric antigen receptor T cell therapy
	Venous thrombotic event incidence approximately 2.4 percent

	Li et al
	2025
	China
	Review
	Patients receiving immunotherapy
	Immune checkpoint inhibitors
	Immunotherapy linked with bleeding and thrombosis complications

	Peng et al
	2024
	China
	Review
	Hematologic malignancies
	Engineered immune cell therapy
	Cytokine storms contribute to coagulation disorders

	Wang et al
	2024
	China
	Observational study
	446 patients
	Thrombocytopenia
	Bleeding and thrombosis observed concurrently

	Ortí et al
	2025
	Europe
	Clinical guideline
	Patients receiving engineered immune cell therapy
	Treatment complications
	Thrombotic microangiopathy reported after therapy

	Fawaz et al
	2025
	Lebanon
	Clinical review
	Oncology patients
	Immune checkpoint inhibitors
	Increased thrombotic risk due to immune activation

	Mulder et al
	2021
	Netherlands
	Cohort study
	Cancer population
	Venous thromboembolism
	Hematologic cancers show high thrombotic incidence

	Lyman et al
	2021
	United States
	Guideline study
	Cancer patients
	Venous thromboembolism prophylaxis
	Risk assessment models recommended

	Farge et al
	2022
	France
	Clinical guideline
	Cancer patients
	Anticoagulation therapy
	Direct oral anticoagulants recommended

	Key et al
	2023
	United States
	Guideline
	Cancer patients
	Venous thromboembolism management
	Risk stratification important

	Ay et al
	2021
	Austria
	Prospective cohort
	Oncology patients
	Biomarkers
	Tissue factor linked to thrombosis

	Carrier et al
	2021
	Canada
	Clinical trial
	Cancer patients
	Anticoagulants
	Reduced thrombotic recurrence

	Khorana et al
	2022
	United States
	Risk model study
	Cancer patients
	Thrombosis risk prediction
	Risk scoring models developed

	Sanfilippo et al
	2021
	United States
	Cohort study
	Multiple myeloma
	Immunomodulatory drugs
	Increased thrombosis risk

	Zwicker et al
	2021
	United States
	Observational
	Oncology patients
	Platelet activation
	Platelets mediate tumor thrombosis

	Moik et al
	2022
	Austria
	Cohort study
	Cancer patients
	Biomarker analysis
	Elevated coagulation markers

	Leader et al
	2021
	Israel
	Observational
	Leukemia patients
	Thrombotic risk
	High venous thromboembolism prevalence

	Falanga et al
	2020
	Italy
	Review
	Cancer patients
	Coagulation pathways
	Tumor cells activate clotting cascade

	Connors and Levy
	2020
	United States
	Review
	Oncology patients
	Thromboinflammation
	Inflammation triggers coagulation

	Di Nisio et al
	2021
	Italy
	Review
	Cancer patients
	Anticoagulant therapy
	Low molecular weight heparin beneficial

	Lichtenberger and Vijayan
	2023
	United States
	Review
	Hematologic malignancies
	Platelet activation
	Platelets contribute to clot formation

	Haematologica Study Group
	2023
	Europe
	Clinical research
	Oncology patients
	Tissue factor pathway inhibitor
	Predictor of venous thrombosis

	Haematologica Editorial Board
	2024
	Europe
	Review
	Cancer patients
	Targeted therapy
	Targeted drugs linked to thrombosis

	NCCN Oncology Panel
	2023
	United States
	Clinical guideline
	Cancer patients
	Thrombosis prevention
	Evidence based prevention strategies

	ASH Guideline Committee
	2021
	United States
	Guideline
	Oncology patients
	Anticoagulation
	Clinical management standards

	Zhang et al
	2022
	China
	Laboratory study
	Leukemia cells
	Cytokine signaling
	Immune activation affects coagulation

	Chen et al
	2021
	China
	Experimental study
	Hematologic cancer models
	Platelet signaling
	Tumor cells activate platelets

	Zhao et al
	2023
	China
	Translational study
	Lymphoma models
	Endothelial dysfunction
	Vascular injury contributes to thrombosis





Most of these papers were devoted to the innovative immunotherapeutic agents, such as immune checkpoint inhibitors, monoclonal antibodies and modified immune cell therapies. These treatments have now become the main elements of the contemporary hematologic oncology treatment. Recent data supports the fact that immunotherapies are extremely effective against malignant cells but tend to change coagulation physiology by activating inflammation and dysfunction of endothelial cells. Such changes can put the patient at risk of thrombotic or bloody complications.
 Immunopharmacological Mechanisms that affect Coagulation.
 Clustering of the studies included in the analysis showed that there are numerous mechanisms by which immune-modulating therapies affect the coagulation physiology. Coagulation mediated by Immune Activation and Cytokine. The majority of the research studies revealed a similar result that immunotherapeutic agents induce the release of pro-inflammatory cytokines, which in turn trigger the coagulation pathways. The increased expression of tissue factor by endothelial cells as a result of elevated cytokines including tumor necrosis factor and interferon signaling leads to the generation of thrombin and fibrin production. 
This is a mechanism of direct association of inflammatory immune activation with thrombosis formation. Recent research has also established that immunotherapy may cause immune-mediated coagulation disorder, such as immune thrombocytopenia, thrombotic thrombocytopenic purpura, and disseminated intravascular coagulation.


Endothelial Dysfunction The other significant mechanism is an injuring of the vascular endothelium. 
Inflammatory cascades caused by immunotherapy may destabilize the integrity of endothelium and induce platelet adhesion to the vascular surface. Endothelial cells that are activated express adhesion molecules and procoagulant factors. Research examining the role of cancer related thrombosis in hematologic tumors indicates that endothelial injury, along with tissue factor expression and inflammatory cytokines are a core mechanism of thrombus by which thrombosis is promoted. Platelet Pathology and Coagulation Disorders. 
A number of studies have indicated that there were major changes in the platelet physiology of patients who had undergone immunotherapeutic interventions. There are two mechanisms of platelet activation: Platelet stimulation through cytokine. Platelet destruction that happens due to immune-mediated destruction. Immune checkpoint systems/anti-bodies therapy have been linked to autoimmune destruction of platelets, resulting to thrombocytopenia and risk of bleeding. 
On the contrary, over-activation of platelets is a cause of venous thromboembolism and microvascular thrombosis. The results of the clinical analysis of hematologic oncology patients with severe thrombocytopenia revealed that both types of events may take place at the same time, which reflects the sophisticated equilibrium between the coagulation activation and the platelets depletion. Immunotherapy and Thrombotic Events. There is an evolving literature that immunotherapeutic agents can potentially enhance the number of thrombotic complications. Indicatively, a study that looked at engineered immune cell therapy treatment showed that thrombotic events were being measured after the treatment. In a recent meta-analysis of 7,040 immune-engineered cellular therapy recipients, thrombotic and bleeding complications had been measured in follow-up. Venous thrombotic events were found to be 2.4 % per patient-month in six months of treatment and bleeding complicates were 1.9 % per patient-month in the same time period. These results emphasize the significance of the early observation of the abnormalities of coagulation that are observed after immunotherapeutic intervention. Thrombosis Risk Factors in Hematologic Malignancies. In the covered studies, multiple variables that were used in the clinical setting were consistently linked with the elevated risk of thrombosis. 
These risk factors included:
Advanced disease stage Increased concentrations of inflammatory cytokines. 
The presence of central venous catheters. Immune-activating therapies Loss of mobility and comorbidities. The studies have shown that inflationary signaling of malignancy, endothelial injury, and expression of coagulation proteins abnormally all play a role in the development of venous thromboembolism in hematologic malignancies. Response Interaction Immunotherapy and Hemostatic Disorders. Several hemostatic syndromes associated with immunotherapy were also determined in the reviewed literature. These conditions include: Immune thrombocytopenia Acquired hemophilia Diffusion intravascular coagulation. 
Thrombotic microangiopathy
They are autoimmune disorders that come about due to an overreaction of the immune system and the production of autoantibodies as a result of immune-modulators. In turn, clinicians need to be cautious in observing the coagulation biomarkers when using immunotherapeutic agents in treatment. 
Critical Evaluation of Evidence. 
All the evidence indicates that the action of immunopharmacological interventions has a dual and complicated influence on coagulation physiology. Although these therapies have shown great effect in hematologic malignancies in terms of improving survival, they also interfere with the processes of coagulation and anticoagulation. This phenomenon is explained by three important physiological axes: Cytokine activation of inflammatory cytokines. Injury of endothelium and expression of tissue factor. Platelet activation and immune mediated thrombocytopenia. Knowledge of these mechanisms is essential in formulation of clinical measures that would reduce the risk of thrombosis without affecting therapeutic effectiveness.
Discussion 
The results summarized in the current systematic review give a thorough understanding of the multifaceted interactions between immunopharmacological regimens and physiology of coagulation in hematologic malignancies. Hematologic cancers have been linked to significant rearrangements of hemostatic equilibrium, which occur as a result of interactions between malignant cells, immune responses, signal pathways of inflammation, and pharmacological treatment applied in contemporary cancer treatment. The data retrieved in the included studies proves the fact that immune mediated pharmacological options may greatly impact the coagulation pathways, platelet activity, endothelial integrity and blood physiology in general. These interactions lead to dual clinical problem in which they have a higher susceptibility to both thrombotic complications and bleeding disorders.
Hematologic malignancies and coagulation abnormalities have been long known to be related. Malignant transformation of hematopoietic cells distorts the normal physiology that ensures that there is a balance between clot formation and clot dissolution. The procoagulant substances that are generated by the tumor cells such as tissue factor and cancer derived microparticles can directly trigger the coagulation cascade. Concurrently, systemic inflammatory reactions linked to malignancy necessitate the freeing of cytokines and chemokines which further increase prothrombotic communicate. The current review shows that the underlying mechanisms can be enhanced or modified by immunopharmacological interventions through either the stimulation of immune activation pathways or the change of interactions between immune cells and the vascular structures.
Among the key topics that come out of the reviewed studies is significant role played by immune mediated inflammation in coagulation regulation. Immunotherapeutic approaches, especially those aimed at causing an increase in immune response against malignant cells, may initiate massive inflammatory signaling in the whole circulatory system. When the immune effector cells including the macrophages and cytotoxic lymphocytes are activated, the production of pro inflammatory cytokines, including tumor necrosis factor, interferons and interleukins will increase. These mediators act upon endothelial cells which line blood vessels and induce the expression of adhesion molecules and tissue factor. Tissue factor is a major trigger of extrinsic coagulation pathway which culminates in thrombin formation, and the formation of fibrin clots. As a result, immune mediated inflammation provides a condition where thrombosis is prone to occur.
Another important way in which immunopharmacological therapies affect coagulation is endothelial dysfunction. The normal vascular endothelium is a protective barrier that ensures the body is kept in fluid state by synthesizing anticoagulant molecules and preventing adhesion of platelets. Nevertheless, endothelial homeostasis may be interfered with by inflammatory cytokines and the activation of immune cells. Once endothelial cells are activated or injured, they start to produce procoagulant molecules and decrease the synthesis of anticoagulant proteins including thrombomodulin. This conversion changes the anticoagulant environment of the vascular surface to a procoagulant environment. The different research studies presented in the review have shown evidence that immunotherapeutic therapies often result in endothelial activation, thus exposing patients with hematologic malignancies to thrombotic complications.
The platelet activity is also a significant factor in the pathophysiology of the coagulation abnormalities in such patients. Platelets are tiny pieces of the megakaryocytes which help in hemostasis by creating the initial platelet plug where the vessels are damaged. Platelet physiology of hematologic malignancies is often disturbed by both disease related and treatment related factors. There are immunopharmacological therapies that activate platelets through stimulating inflammatory signaling pathways. The platelets are activated and then combine with leukocytes and the endothelial cells to create complexes that increase the speed of thrombus formation. Other therapies in contrast can inhibit platelet production through action on bone marrow or by provoking immune mediated platelet destruction. The low platelet count may put the patient at the risk of bleeding and this indicates that thrombosis and bleeding are in a delicate balance when dealing with immune based treatment of cancer.
Thrombotic complications analysis in the studied articles indicates that venous thromboembolism is one of the most important clinical outcomes of coagulation dysregulation in hematologic malignancies. Among the conditions that fall under the category of venous thromboembolism are deep vein thrombosis and pulmonary embolism both of which have been identified to increase morbidity and mortality among cancer patients. Immunopharmacological treatment seems to affect the occurrence of venous thromboembolism in a number of ways. Activation of the immune system may encourage the platelet aggregation, elevated levels of circulating procoagulants, and trigger endothelial injuries, all of which contribute to the development of intravascular clots. Besides, some pharmacological agents that are applied in the treatment of hematologic cancer can interact with anticoagulant processes, consequently, changing the functionality of natural antithrombotic processes.
Besides venous thrombosis, arterial thrombotic incidences have also been documented with respect to immune based cancer therapies. Arterial thrombosis is a situation whereby clots are formed in the arteries capable of causing conditions like myocardial infarction or ischemic stroke. Even though the cases of arterial events are not as frequent as those of venous thromboembolism, they are a severe complication that ought to be closely monitored. Other studies propose that systemic inflammation and endothelial dysfunction are possible effects of immune checkpoint inhibitors and other immune stimulating therapies that can be more prone to induce arterial thrombosis. This indicates the need to establish the full cardiovascular implication of immunopharmacological treatment regimens.
The other significant feature that is featured in the literature reviewed is the incidence of immune mediated disorders of bleeding. Although much attention has been paid to thrombosis, bleeding complications are also an equally critical clinical phenomenon. Examples include immune mediated thrombocytopenia which happens when the immune system produces antibodies that destroy platelets. This complication can be a side effect of immunotherapy and can result in spontaneous bleeding or excessive bleeding after minor injuries. On the same note, the acquired bleeding problems caused by immune mediated inhibition of coagulation factors can make managing cancer patients during immunotherapy difficult. The presence of such comorbidities as thrombosis and bleeding is the representation of the complicated regulation of coagulation in the conditions of immune modulation.
The contribution of malignant cells themselves as well should be taken into consideration when explaining the association of immunopharmacology and abnormal coagulation. Hematologic cancer cells can directly interchange with the coagulation system by expressing procoagulant molecules on their cell surfaces. As an example, leukemic blasts can also release microparticles which are tissue factor and phospholipids that can trigger the formation of clots. These tumor derived particles circulate in the bloodstream and also make the system systemically hypercoagulable. Agents proposed to treat malignant cells by means of immunotherapeutics can unintentionally modify the discharge of these microparticles or affect their connection with platelets and immune cells. Therefore, the targeted therapy of cancer cells can cause undesirable effects on the coagulation processes.
The coagulation becomes even harder to control with the introduction of immunopharmacological therapy in combination with the traditional cancer therapy. Combination therapy comprising of chemotherapy, targeted molecular therapy, and immunomodulatory therapy is used on many patients with hematologic malignancies. All these treatment modalities can affect hemostatic balance alone. Chemotherapeutic agents have the potential to induce vascular endothelium damage and bone marrow suppression, whereas targeted therapies have the potential to inhibit platelet production and coagulation factor production signaling pathways. These effects can be synergistic when they are combined with immune activating drugs therefore leading to a greater disturbance of normal physiology of the blood. The interaction of these is critical in the optimization of treatment plans as well as the reduction of undesirable outcomes.
There is a fine balance between the prevention of clotting and excessive bleeding in management of thrombosis in hematologic malignancies. Low molecular weight heparin and direct oral anticoagulant are usually anticoagulant drugs that are used to lower the risk of thrombosis. The administration of anticoagulants should however be well adjusted to patients, especially those who have low platelet counts or active bleeding syndromes. The analyzed literature indicates that risk assessment models can be used to detect those patients, who would have the best use of thromboprophylaxis. The factors that are normally included in such models are the type of cancer, the treatment regimen, the number of platelets in circulation and the coagulation activation biomarkers.

The other valuable implication of the current results is associated with the observation of the coagulation biomarkers in the process of immunopharmacological therapy. D dimer, fibrinogen level, platelet count, and endothelial activity indicators could be evidence of early signs of coagulation anomalies. The regular check-up of such parameters might allow clinicians to identify thrombotic or bleeding complications earlier and implement a change in treatment approaches. The creation of predictive biomarkers that are specifically designed to be used in immunotherapy-related coagulation disorders is a useful direction in the future research. The results of this systematic review also indicate that more disciplinary cooperation is necessary in the treatment of hematologic malignancies. Treatment of these conditions must be organized together with oncologists, hematologists, immunologists, thrombosis and hemostasis specialists. This type of cooperation can help to work out common treatment practices that will not only ensure control over cancer but also avoid complications associated with coagulation. Multidisciplinary care is especially of importance with complicated cases where patients have a thrombotic and bleeding risk at the same time.

Although the reviewed studies offer valuable information, one should keep in mind that the findings of this systematic review have several limitations that one should take into consideration when interpreting it. First, a significant number of the studies contained in it utilized the observational research design that could be susceptible to confounding and selection bias. The observational studies are important as they provide real world evidence but it is required that randomized clinical trials be conducted so as to determine the causation relationships between immunopharmacological therapies and coagulation abnormalities. Second, the studies are very heterogeneous in terms of the treatment group, patient groups, and outcomes. This inconsistency renders it difficult to directly compare the findings between studies or even to perform quantitative meta analysis.
The other limitation is connected to the comparative novelty of some of the immunotherapeutic agents introduced in clinical practice recently. Due to the fact that these therapies are still developing, there is little information on the long-term data of the impact of these treatments on coagulation physiology. The longitudinal studies will need to be carried out in the future to establish whether the thrombotic risks of these therapies are permanent or they resolve with time as the patients learn to live with therapy. In addition, more studies should be carried out to understand the molecular processes by which immune modulation interacts with coagulation pathways.
The possibility of personalized medicine as a preventative measure of coagulation complications of hematologic malignancies in future studies should also be discussed. The development of genomic and proteomic devices has resulted in the possibility of determining individual differences in immune responses and coagulation factors. With the incorporation of genetic data with clinical data, researchers can probably create personalized treatment plans that can reduce the risk of thrombosis and increase treatment outcomes. These methods would potentially revolutionize the treatment of hematologic malignancies because immunopharmacological treatment would be customized to the unique physiological attributes of the individual patient.
The other avenue that research can take up in future is the establishment of specific therapies that would target the contacting point of the immune activation and coagulation pathways. To illustrate, pharmacological agents which prevent tissue factor expression or regulate platelet immune interactions can be used to prevent thrombosis without interfering with the anticancer effects of immunotherapy. In the same manner, the use of treatment aimed at guarding the endothelial performance would inhibit the vascular problems connected with immune mediated inflammation.
To sum up, the evidence compiled in the present system review highlights the complexity of interrelationship between immunopharmacological treatments and coagulation physiology in hematologic cancers. Cancer treatment has been transformed in terms of immunotherapy that is offering effective tools that are used to attack malignant cells. Nevertheless, the therapies also alter the basic mechanisms that control the blood clotting and vascular integrity. Immunopharmacological interventions have the potential to change the equilibrium between thrombosis and hemostasis significantly through mechanisms that involve the release of inflammatory cytokines, endothelial activation, the platelet modulation process, and tumor derived procoagulant factors.
This knowledge of these interactions is crucial to clinical outcome improvement and safe usage of immunotherapy in hematologic oncology. On-going studies involving mechanistic pathways, predictive biomarkers, and customized treatment plans will be essential in helping to minimize the occurrence of coagulation connected complications, but maintaining the therapeutic advantages of immune based cancer therapies. Finally, the further study of the immunopharmacological control of coagulation will result in the more efficient and safe treatment of hematologic malignities patients.
Conclusion
This systematic review will give a clear summary of the recent scientific evidence on the interplay between immunopharmacological therapies and coagulation physiology in hematologic malignancies. The results indicate that immune-based cancer therapies have significant effects on the haemostatic regulation due to multifaceted interactions between inflammatory signal transduction and platelet regulation, endothelial activation, platelet regulation, and platelet tumor-associated procoagulant activity. The combined effect of those mechanisms is the formation of the coagulation defects which can appear in the clinical practice as thrombotic events, bleeding complications, or both mentioned conditions. A review of thirty recent publications shows that immunopharmacological interventions have the ability to enhance the underlying hypercoagulable condition that is usually prevalent in patients with hematologic cancers. Endothelial injury and immune-mediated cytokine release were always found as the leading pathways in the activation of coagulation. Meanwhile, the process of platelet production inhibition as a result of treatment or platelet destruction as a consequence of immunity can precondition their hemorrhagic problems. These results help to demonstrate the fragile association between thrombosis and hemostasis associated with the immune-modulating therapies and the importance of the close clinical care during the treatment. Clinically, the findings provide a strong indication of the need to integrate coagulation monitoring and risk evaluation into everyday oncology care provision to patients undergoing immunopharmacological therapy. Laboratory biomarkers and clinical surveillance of coagulation abnormalities can be used at an early stage to implement timely thromboprophylaxis or supportive activities. Moreover, the oncologists, hematologists, and experts in thrombosis and hemostasis need to work as a multidisciplinary team to ensure patient outcomes and reduced treatment-associated complications. Although the literature on the subject of coagulation disorders in hematologic malignancies is increasing, there are still numerous gaps in knowledge. Numerous studies that are available are of the observational nature and have some variation in terms of the study design, population of patients and the therapeutic regimens. Therefore, future studies should focus on big prospective studies and mechanistic studies that would help in elucidating the molecular mechanisms that relate the immune activation and the dysregulation of coagulation. The discovery of biomarkers and precision medicine could also be used to develop personalized therapeutic approaches that can decrease thrombotic risks without compromising the anti-tumor effect that immunopharmacological therapies have.
To conclude, immunopharmacological therapies can be regarded as a significant step towards the treatment of hematologic malignancies, though they are connected with complicated changes in coagulation and blood physiology. Further understanding of those interactions is the key to better therapeutic safety, clinical decision-making, and eventually improved survival and quality of life of hematologic cancer patients.
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