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Bidirectional influence of Helminths on Carcinogenesis in Humans: An Overview

Abstract
This review systematically examines the bidirectional influence of helminths on carcinogenesis in humans by analysing recent findings from peer-reviewed literature and global health reports during the time period from July 2024 to June 2025. Relevant studies were identified through a structured search of biomedical databases and evaluated for evidence linking helminth infections with cancer development or inhibition. The synthesis of data reveals that certain helminths, such as Schistosoma haematobium, S. japonicum, S. mansoni, Clonorchis sinensis and Opisthorchis viverrini, are strongly associated with malignancies, including bladder and bile duct cancers, through mechanisms involving chronic inflammation, DNA damage, and tissue remodelling. At the same time, emerging evidence highlights a paradoxical role of other helminth species, whose immunomodulatory effects may suppress tumor progression by enhancing apoptosis or regulating immune responses. The results of this review highlight the complexity of helminth–cancer interactions, revealing both carcinogenic and potentially anti-cancer pathways. We conclude that understanding these dual effects is critical for developing strategies to mitigate cancer risk in endemic regions while exploring helminth-derived bioactive molecules as potential therapeutic agents. Future research should focus on elucidating molecular mechanisms, identifying reliable biomarkers and evaluating translational applications that could turn pathogenic insights into innovative treatments.
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Introduction
Cancer encompasses a wide range of disorders characterized by the uncontrolled proliferation of abnormal cells, which can invade surrounding tissues and spread to distant organs through metastasis — the primary cause of cancer-related mortality (Hanahan 2022).  Globally, cancer remains one of the leading causes of death, with the World Health Organization (WHO) reporting approximately 9.7 million deaths in 2022 and ~20 million new cases worldwide, accounting for nearly one in six deaths worldwide (Bray et al. 2024; GLOBOCAN 2022: Latest Global Cancer Data Shows Rising Incidence and Stark Inequities | UICC, n.d.). The etiology of cancer involves multiple risk factors, which are broadly classified into physical, chemical, and biological agents. In recent decades, infections by specific biological agents, including bacteria, viruses and parasites, have gained recognition as important contributors to human carcinogenesis, collectively responsible for approximately 15–20% of cancer cases globally (Bray et al. 2024; de Martel et al. 2020). Notably, the burden of infection-related cancers is disproportionately higher in developing nations, where factors such as poverty, poor sanitation, malnutrition and limited healthcare infrastructure contribute to a vicious cycle of infection, morbidity, and socioeconomic stagnation (Damane et al. 2025; Plummer et al. 2016). 
Environmental determinants, including contaminated water and inadequate hygiene, play a particularly significant role in helminth infection prevalence across low-income regions of Asia and Africa (Olanipekun & Babatunde 2016). Although the global burden of helminth infections is substantial, only a limited number of helminths have been definitively classified as carcinogenic to humans. Among these, the liver flukes Clonorchis sinensis and Opisthorchis viverrini are established causes of cholangiocarcinoma (bile duct cancer), while the blood fluke Schistosoma haematobium is implicated in squamous cell carcinoma of the urinary bladder (Arora et al. 2019; Bouvard et al. 2009; Brindley et al. 2015; Callejas et al. 2018; van Tong et al 2017). Although reports have suggested possible associations between other helminths and cancers, these links remain unconfirmed (Andrade et al. 2012). Mechanistically, helminth-induced carcinogenesis is thought to involve chronic inflammation, sustained tissue proliferation, immune modulation, altered glucose metabolism, redox imbalance, genomic instability and disruption of tumor suppressor proteins, alongside stimulation of angiogenesis and metastasis (Wu et al. 2013). 
A meta-analysis by MacHicado & Marcos (2016) identified several helminth species reported in association with cancer or tumor formation, including Fasciola gigantica, Taenia solium, Echinococcus granulosus, Strongyloides stercoralis, Trichuris muris, Platynosomum fastosum, and Heterakis. These species, their endemic regions, associated diseases, evidence type and strength are systematically summarized in Table 1.
Table 1. Human and Veterinary Helminths Associated with Carcinogenesis or Anticancer Effects.
	sSr. No.
	Parasitic Helminth
	Associated Cancer
	Endemic Areas
	Evidence Type
	Strength of Evidence
	References

	A. Helminths Classified as Definitive Human Carcinogens (IARC Group 1)

	1. 
	Opisthorchis viverrini
	Cholangiocarcinoma (bile duct cancer)
	Lower Mekong — Thailand, Lao PDR, Cambodia, S. Vietnam
	Epidemiological, mechanistic, experimental
	
Definitive 
(IARC Group 1)
	(Liau et al., 2023; Tan & Machrumnizar, 2023)

	2. 
	Clonorchis sinensis
	Cholangiocarcinoma (intrahepatic CCA)
	China, Korea, Taiwan, N. Vietnam, Far-East Russia
	Epidemiological, mechanistic, animal
	
Definitive (IARC Group 1)
	(Kim & Hong, 2025; Pan et al., 2024; Ren et al., 2025)

	3. 
	Schistosoma haematobium
	Urinary bladder cancer (squamous cell carcinoma)
	Sub-Saharan Africa; parts of Middle East & N. Africa
	Epidemiology, pathology, mechanistic data
	


Definitive (IARC Group 1)
	(IARC Working Group, 1994; Yohana et al., 2023; Zepeda & Coffey, 2015)

	B. Helminths with possible carcinogenicity (IARC Group 2B) or limited human data

	4. 
	Schistosoma japonicum
	Colorectal cancer; possible associations with GI cancers
	East Asia (China, Philippines, Indonesia) 
	Epidemiological, pathological, inflammatory
	Possible (IARC Group 2B)
	(Hamid, 2018; Zheng et al., 2023)

	C. Studied in humans but not classifiable as to carcinogenicity (IARC Group 3)

	5. 
	Opisthorchis felineus
	Cholangiocarcinoma (emerging evidence)
	Eastern Europe, Russia, Southeast Asia
	Animal model, biochemical, histology
	IARC Group 3 (not classifiable)
	(IARC Working Group, 1994; Smout et al., 2024)

	6. 
	Schistosoma mansoni
	Colorectal/hepatocellular carcinoma (less clear)
	Sub-Saharan Africa, South America, Middle East
	Epidemiological, case reports
	
IARC Group 3 (not classifiable) 
	(IARC Working Group, 1994; Zheng et al., 2023)

	D. Human case reports or tumor mimics (no demonstrated carcinogenicity)

	7. 
	Fasciola hepatica/gigantica
	Tumor mimics; rare reports alongside biliary or hepatic masses
	Europe, Middle East, South America, Africa; parts of Asia
	Case reports; radiologic/pathologic mimics of ICC/GB cancer
	Very weak/anecdotal (no causal link)
	(Zhang et al., 2023)

	8. 
	Strongyloides stercoralis
	Case reports with GI adenocarcinoma (co-occurrence)
	Tropics/subtropics incl. SE Asia, Sub-Saharan Africa
	Case reports
	Very weak (no established causality)
	(Yohana et al., 2023)

	E. Experimental/animal-only or veterinary parasites (not human carcinogens)

	9. 
	Echinococcus granulosus
	Protective effects in experimental models
	Argentina, Peru, East Africa, Central Asia and China
	In vitro, animal models
	
Experimental only; not a human protective factor
	(Eslahi et al., 2022; Sadr & Borji, 2023)

	10. 
	Taenia crassiceps
	Protective, anti-cancer effects
	China, Africa, America and East Asia
	In vitro, animal models
	
Experimental – potential
	(Díaz-Zaragoza et al., 2024; Schreiber et al., 2024)

	11. 
	Trichinella spiralis
	Protective effects in experimental models
	Europe, Asia, and Southeast Asia
	In vitro, animal models
	Experimental – potential
	(Ruenchit et al., 2022; Sadr et al., 2023)

	12. 
	Platynosomum fastosum (feline fluke)
	Feline cholangiocarcinoma (cats)
	Caribbean, Latin America, SE Asia (cats)
	
Veterinary case series
	Animal-only; not a human parasite
	
(Zhang et al., 2023)

	13. 
	Heterakis gallinarum (poultry nematode)
	Veterinary oncology links (poultry)
	Global in poultry
	Veterinary literature; co-infections
	Animal-only; not a human parasite
	(Díaz-Zaragoza et al., 2024)



Furthermore, interactions between helminth infections and other infections, such as HIV, may complicate disease progression and immunological responses. The complex relationship between HIV and helminth infections remains an area of active investigation, with some studies suggesting that helminth infections may exacerbate immunosuppression or alter immune checkpoint profiles, potentially influencing cancer risk (Brown et al. 2006; Damane et al. 2025).
The immunopathogenesis of helminth infections typically involves type-2 immune responses, which can suppress type-1 immune activity essential for combating viral infections, intracellular pathogens and malignancies (McSorley & Maizels 2012). Chronic helminth infections often persist for years, with cumulative tissue damage and sustained inflammation increasing the risk of malignant transformation (McSorley & Maizels 2012; Wakelin 1996). On a molecular level, helminth parasites produce genotoxic metabolites such as oxysterols and estrogen-like compounds that induce DNA mutations in host epithelial cells (van Tong et al. 2017). The discovery of CYP enzyme-encoding genes in schistosomes and opisthorchiids has further suggested a role for parasite-derived cytochrome P450 enzymes in generating pro-inflammatory and carcinogenic metabolites (Gouveia et al. 2019). Additionally, the oxidative stress induced by reactive oxygen and nitrogen species produced during helminth-triggered inflammation contributes to DNA damage and genomic instability, fostering carcinogenesis (Kawanishi et al. 2017; Kay et al. 2019). Interestingly, while many helminths exhibit carcinogenic potential, some studies have reported paradoxical anti-cancer effects, including induction of apoptosis, suppression of angiogenesis and metastasis, modulation of immune responses and attenuation of pro-inflammatory pathways (Callejas et al. 2018). The long latency period of helminth infections before cancer manifestation complicates efforts to define their role in carcinogenesis conclusively. This review comprehensively compiles recent research exploring the associations between helminth infections and human cancers, elucidates their proposed molecular mechanisms and highlights the complex duality of helminths in potentially promoting or inhibiting carcinogenesis. Also, this study integrates the data of both tumor-promoting and inhibitory pathways to clarify the dual impacts of helminths on human carcinogenesis. It enhances the extent of the knowledge of helminth-driven molecular pathways and emphasises their potential for cancer treatment and prevention. The results offer important information for futuristic studies and the public health initiatives in the prevention of Helminth’s infection-related cancer.
Literature Search Strategy
A thorough review of the literature was conducted on helminth infections and cancers to inform the writing of this article. Database searches and citation analytics for specific papers were employed to uncover their molecular mechanisms. The latest references published prior to the day of the searches were incorporated at the time of article writing. Initially, all related research works were filtered based on their titles and according to other requirements. If the references were evidently described or indicated a carcinogenic event and an infestation of parasites, then the full text of that publication was scrutinized. The following measures were inclusively considered as screening criteria for selecting secondary data analysis during the time period from July 2024 to June 2025: (i) The study examined the mechanisms of helminth infection-induced carcinogenicity and cancer risks; (ii) The study documented the emergence of cancers as a consequence of their infections; (iii) The study explored biomarkers for disease diagnosis and prevention measures. Also, the exclusion criteria were: (i) an infection that mimics cancer; (ii) infection as the outcome of neoplasia; and (iii) duplicate content.


Dynamic Coevolution of Host and Parasite
The coevolutionary feedback loop, driven by the selection of adaptations and counter-adaptations, shapes the evolutionary trajectories of both the host and the parasite. These dynamic interactions are often complex and difficult to unravel, posing considerable challenges for empirical validation (Buckingham & Ashby 2022). Parasites, particularly extracellular helminths, continuously develop survival strategies to withstand extreme conditions and evade host immune defenses. By escaping immune detection, they can persist within the host for extended periods, manipulating host physiology to their advantage. The host’s immune defense is intricately regulated by cellular and molecular pathways that control immune responses (van Tong et al. 2017). In response, parasites evolve diverse immune evasion mechanisms, which may emerge in the absence of regulatory pathways that facilitate host-parasite equilibrium and can ultimately be detrimental to the host. Parasite-derived factors contribute to tumor development, progression, and facilitation. Notably, different parasite species elicit distinct immune responses, varying in specificity and intensity. These immune evasion strategies depend on multiple factors, including the parasite’s life cycle stage, mode of infection, tissue microenvironment and the secretion of immunomodulatory molecules (van Tong et al. 2017). Chronic helminth infections frequently induce persistent inflammation within host tissues, a critical determinant of their carcinogenic potential (Arora et al. 2019). Prolonged inflammation leads immune cells to release an array of mediators aimed at combating infection, but as this inflammatory state endures, the risk of associated carcinogenesis increases. The interplay of these mechanisms-chronic inflammation, immune modulation and parasite persistence—contributes to helminth-induced tumorigenesis, as illustrated in Fig. 1.
[image: ]Fig. 1 Chronic inflammation underlies helminth-associated carcinogenesis by driving cytokine production, DNA damage, immune imbalance, oxidative stress, and genetic instability. Original figure prepared by the authors.
Activation of Pro-carcinogens by CYP450 
Certain helminths, such as the liver fluke Opisthorchis viverrini and the blood fluke Schistosoma haematobium, secrete biologically active compounds, including estrogens and oxysterols (Brindley et al. 2015). These substances act as initiators of carcinogenesis by oxidizing host DNA, forming depurinating adducts and inducing mutations in the genomes of adjacent infected tissues (Correia da Costa et al. 2014). Cytochrome P450 (CYP450) enzymes participate in several biological processes, including estrogen biosynthesis and the conversion of cholesterol to bile acids (Hossam Abdelmonem et al. 2024). Among these, members of the CYP450 family—CYP1A1, CYP2E1, and CYP3A4—are implicated in the metabolism of chemical carcinogens and have been associated with breast and endometrial cancer in humans (Alzahrani & Rajendran 2020). Notably, a gene encoding a CYP enzyme has been identified in schistosomes and opisthorchiids (Pakharukova et al. 2015). This enzyme family likely contributes to the production of oxysterols and catechol estrogens-both pro-inflammatory and potentially carcinogenic metabolites generated by helminths.
Bile acids exert a range of biological effects, including promoting tumor growth and invasion, suppressing apoptosis and modulating the expression of genes involved in DNA synthesis, repair and oxidative stress (Debruyne et al. 2017). Enzymes such as CYP1A1 and CYP3A preferentially catalyze hydroxylation at the 2-position of estrogens, while CYP1B1 exclusively catalyzes hydroxylation at the 4-position (E. L. Cavalieri & Rogan 2016). These metabolic processes produce catechol estrogen quinones, which can react with DNA to form apurinic sites and depurinating adducts (Cavalieri et al. 2006). In schistosomiasis and opisthorchiasis, helminths release biological and chemical stimuli, such as oxysterols and catechol estrogens, that interact with host DNA, initiating molecular events leading to carcinogenesis (Botelho et al. 2013; Gouveia et al. 2015; Vale et al. 2013). These steroid-like compounds are thought to have co-evolved with host-parasite interactions, though they are primarily produced by trematode parasites for physiological and reproductive purposes (Gouveia et al. 2015). The metabolites generated during opisthorchiasis can disrupt host pathways involved in steroid hormone and bile acid metabolism. Given their genotoxicity in other organisms, these compounds are potential carcinogenic initiators (Jusakul et al. 2012). Although direct evidence linking bile acids to DNA damage remains limited, their oxidized derivatives, known as oxysterols, have been implicated in cancers of the pancreas, colon, lung, and breast (Brindley et al. 2015; Farhana et al. 2016). Opisthorchiasis, for example, is associated with elevated levels of deoxycholic acid, a potent promoter of cholangiocarcinogenesis (Vale et al. 2013). 
Free Radicals and Genotoxicity
Helminths lay eggs that become embedded in host tissue walls, causing fibrosis, chronic inflammation and, in some cases, metaplasia (Wakelin 1996). These inflamed areas are infiltrated by innate immune cells that produce reactive oxygen species (ROS) and reactive nitrogen species (RNS)—known mediators of tumor progression due to their role in promoting cellular proliferation (Zhao et al., 2021). These reactive species have mutagenic and genotoxic effects, damaging DNA, RNA, enzymes and proteins, ultimately contributing to carcinogenesis (Wu et al. 2013). A significant increase in 8-hydroxy-2'-deoxyguanosine (8-OHdG), a biomarker of oxidative stress-induced DNA damage, has been observed in the bladder cells of Schistosoma-infected hosts, indicating compromised immunopathological control mechanisms (Schulpis et al. 2006). In schistosomiasis, eosinophils generated during chronic inflammation are a major source of ROS, reinforcing the link between oxidative stress and tumor development (Benamrouz et al. 2012). Furthermore, the overexpression of DNA repair genes such as apurinic/apyrimidinic endonuclease and 8-oxoguanine-DNA-glycosylase has been associated with carcinogenesis in infected tissues (Benamrouz et al. 2012). DNA single-strand breaks induced by ROS and RNS generated during helminth-induced inflammation have been directly linked to cancer development (Fig. 2).

[image: ]
Fig. 2 Chronic inflammation serves as the central mechanism of helminth-induced carcinogenesis by driving cytokine production, DNA damage, immune imbalance, oxidative stress, and genetic instability.
Helminths associated with human cancers—Opisthorchis viverrini, Opisthorchis felineus, Clonorchis sinensis, and Taenia solium—are known to release RNS, particularly nitric oxide (NO), a potent genotoxic agent that induces DNA damage (Brindley et al. 2015). The progression of helminth-induced cancers involves physiological, cellular and molecular alterations, including genotoxic changes, DNA strand breaks, mutations, chromosomal abnormalities and other genetic modifications (Alhmoud et al. 2020). Recent studies emphasize the growing global health impact of helminth-induced carcinogenesis and the urgent need for targeted public health strategies and molecular interventions (Abol-Enein 2008). 
Inhibitory Effects on Tumorigenesis
In the immune surveillance theory, pre-neoplastic and neoplastic cells are constantly monitored and eliminated by the immune system, which detects abnormal molecules produced by immune and other host cells. However, some cancer cells evade immune detection and destruction (Hanahan & Weinberg 2011). This concept underpins the development of immunotherapies that specifically target tumors to enhance the antitumor immune response and eliminate neoplastic cells (Kciuk et al. 2023). Interestingly, different stages of the helminth parasite Echinococcus granulosus demonstrate antigenic similarities to mucin peptides and markers on cancer cells (Callejas et al. 2018). Extracts of E. granulosus have been shown to induce anticancer activity by enhancing the cytotoxicity of natural killer (NK) cells (Noya et al. 2013). Furthermore, preventive therapy based on the injection of E. granulosus hydatid fluid generates antibodies capable of recognizing mortalin and creatine kinase M-type expressed on cancer cells, thereby limiting the development and progression of neoplastic cells. In an orthotopic model of colon cancer, this was achieved by directly injecting the CT26 neoplastic cell line (Berriel et al. 2013). 
A well-established link exists between chronic inflammation, cancer cell survival, migration, proliferation and the induction of DNA-damaging substances (Zhao et al. 2021). Chronic inflammation is a significant inducer and promoter of neoplasms, particularly in colitis-associated colorectal cancer (CAC). It is widely accepted that inflammatory bowel diseases, such as ulcerative colitis, increase the risk of CAC (Grivennikov 2013). To study this, a potent and reproducible initiation-promotion model of colorectal cancer has been developed using a chemical DNA-damaging agent, azoxymethane (AOM), followed by exposure to an inflammatory stimulus, dextran sodium sulphate (DSS), which mimics colitis. This AOM/DSS model effectively recapitulates the carcinogenesis process in the colon and is widely used to investigate this pathology (De Robertis et al. 2011; Parang et al. 2016). Remarkably, the larvae of Taenia crassiceps have been shown to reduce inflammation and improve prognosis in acute DSS-induced colitis (Ledesma-Soto et al. 2015). The observed effect was associated with reduced local inflammatory responses in the colon, decreased monocyte recruitment and promotion of alternatively activated macrophages (M2 phenotype). Additionally, infection with T. crassiceps downregulated IL-17 production and reduced the expression of several tumor markers, including β-catenin, COX-2 and the cell proliferation marker Ki-67.

The anticancer effects of Trichinella spiralis have also been demonstrated in a melanoma model based on subcutaneous injection of B16-F10 cells. Prior oral infection with T. spiralis L1 larvae inhibited tumor growth and lung metastasis by reducing the production of chemokines such as CXCL9, CXCL10, CXCL1, CXCL13 and IL-4 (Kang et al. 2013). Notably, high CXCL10 levels have been correlated with advanced-stage tumors in humans, including malignant melanoma. Additionally, crude extracts of T. spiralis induced cell cycle arrest at the G1 or S phase in both the human chronic myeloid leukemia cell line K562 and the hepatoma cell line H7402 (Elhasawy et al. 2021). Moreover, tumor development associated with T. spiralis cyst formation may be prevented by the upregulation of the tumor suppressor protein p53, which controls the cell cycle. However, the underlying mechanisms remain unclear (Liao et al. 2018). Importantly, it should be emphasized that the mere presence of an antitumor immune response is insufficient to prevent or eradicate tumors, as cancer cells have evolved strategies to evade immune surveillance (Oikonomopoulou et al. 2014). These strategies include antigen loss, modulation of immune checkpoints and the creation of an immunosuppressive tumor microenvironment (illustrated in Fig. 3).

[image: ]Fig. 3 Different helminth species modulate immune pathways and cytokine/chemokine production, influencing tumor growth, metastasis, and antitumor responses.
Jacobs (2018) further suggested that helminth-derived extracellular vesicles (EVs), analogous to exosomes, play a pivotal role in parasite-host interactions. Notably, antigens derived from Nippostrongylus brasiliensis have been shown to reduce the progression of cervical cancer by inhibiting cancer cell migration and blocking the uptake of human papillomavirus (HPV), a major etiological agent of cervical cancer (Eichenberger et al. 2018). 

Discussion 
The present review consolidates emerging insights into the complex and dynamic relationship between helminth infections and carcinogenesis in humans. While classically considered as agents of chronic infection and morbidity, certain helminths, such as Opisthorchis viverrini, Clonorchis sinensis and Schistosoma haematobium, have been definitively recognized as Group 1 biological carcinogens (Bouvard et al. 2009). Notably, there is growing evidence linking other helminths to a spectrum of human malignancies (MacHicado & Marcos 2016; van Tong et al. 2017). Helminths remain among the most prevalent infectious agents globally, particularly in low- and middle-income countries where environmental, socioeconomic and public health disparities persist. In regions such as sub-Saharan Africa, the burden of helminthic infections is compounded by co-endemic conditions like malaria and HIV, which collectively impair vaccine effectiveness and exacerbate public health challenges (Sitotaw et al. 2022). The high prevalence of intestinal helminths further contributes to nutritional deficiencies, immunomodulation and chronic inflammation — key factors implicated in the pathogenesis of helminth-induced malignancies.
At the molecular level, helminth infections promote carcinogenesis through several mechanisms: chronic inflammation leading to oxidative stress, the production of parasite-derived genotoxic metabolites such as oxysterols and catechol estrogens and interference with host immune surveillance (Brindley et al 2015; Gouveia et al. 2019). The role of CYP450 enzymes, both host- and parasite-encoded, in the bioactivation of these metabolites underscores a significant biochemical pathway in helminth-related carcinogenesis (Hossam Abdelmonem et al. 2024; Pakharukova et al. 2015). Furthermore, helminth-induced reactive oxygen and nitrogen species (ROS/RNS) contribute to DNA damage, genomic instability and somatic mutations within host tissues, as evidenced in schistosomiasis-associated bladder cancers and liver fluke-associated cholangiocarcinomas (Kawanishi et al. 2017; Schulpis et al. 2006). Interestingly, not all helminths uniformly promote cancer; some display paradoxical anti-tumor effects. For example, extracts of Echinococcus granulosus and Taenia crassiceps have demonstrated immunotherapeutic potential in experimental cancer models, reducing tumor progression and modulating inflammatory responses (Callejas et al. 2018; Ledesma-Soto et al. 2015). These dualistic interactions emphasize the nuanced role of helminths in tumor biology, as both promoters of carcinogenesis and potential sources of bioactive anti-cancer molecules. Despite these advances, gaps in understanding remain. While epidemiological data convincingly link helminth infections to specific cancers, the precise molecular events and cofactors involved in this process — including host genetic susceptibility and the influence of environmental factors — are still poorly understood. Moreover, considering the latency period of many helminth-associated cancers, robust longitudinal studies in endemic regions are urgently needed to clarify causality and intervention points.
Equally important is addressing the upstream drivers of helminthic infection. Public health measures such as improving hygiene, sanitation, safe drinking water access and socioeconomic conditions remain the first lines of defense against helminth-induced morbidity and malignancy (Mascarini-Serra 2011). Additionally, interrupting parasite transmission through environmental management to eliminate intermediate hosts and contaminated water sources, alongside the development of effective anti-parasitic vaccines, will be essential to control the global burden of helminthic infections. Emerging adjunctive strategies, including early cancer detection programs in helminth-endemic areas, dietary antioxidant supplementation and the use of selective cyclooxygenase-2 (COX-2) inhibitors or non-steroidal anti-inflammatory drugs (NSAIDs), hold promise in reducing inflammation-driven tumor progression (Ju et al. 2022; Kan et al. 2025). These interventions may offer valuable complementary tools in cancer prevention and therapy, particularly in resource-limited settings where helminth infections remain endemic.
Conclusion
This review reaffirms the intricate, bidirectional interplay between helminth infections and carcinogenesis in humans. While a small subset of helminths has been definitively classified as carcinogenic, growing evidence suggests that additional species may be implicated through mechanisms involving chronic inflammation, oxidative stress, genotoxic metabolites and immune evasion. Concurrently, selected helminths and their derivatives have demonstrated tumor-inhibitory properties, revealing untapped potential for novel immunotherapeutic and anti-inflammatory strategies. In light of the high global prevalence of helminth infections, particularly in low-resource regions, addressing the socio-environmental determinants of infection is imperative. Public health education, improvements in sanitation and hygiene, vector control and access to healthcare are essential to reduce the prevalence of helminthiasis and, by extension, helminth-induced malignancies. Furthermore, the development of anti-parasitic vaccines and community-level screening programs for helminth-associated cancers can significantly improve early detection and treatment outcomes.
Future research should prioritize mechanistic studies to elucidate parasite-host molecular interactions, the role of helminth-derived genotoxins and host susceptibility factors. Investigating adjunctive preventive strategies, including dietary antioxidants and anti-inflammatory pharmacotherapies, alongside parasitic infection control, could significantly reduce cancer risks in endemic areas. Ultimately, integrating parasitology, oncology, immunology and public health disciplines is vital to addressing this complex and often overlooked dimension of global cancer epidemiology. By advancing our understanding of helminth-associated carcinogenesis and enhancing preventive and therapeutic interventions, we can improve health equity and reduce the global cancer burden, particularly in the world’s most vulnerable populations.

Future Perspectives
Despite the overwhelming evidence discussed in this review regarding the carcinogenic potential of parasitic agents like helminths, the present study also highlights the often-overlooked beneficial immune-modulating effects that relatively benign helminths may exert, as postulated by proponents of the hygiene hypothesis. It is increasingly evident that some helminth-triggered immune-mediated changes could potentially support the host’s ability to prevent, control or even reverse certain cancers. To better harness or mitigate these effects, further molecular and immunological studies are essential. Given the potent immune-modulatory capacity of helminthic infections, immune metabolism represents a promising emerging field for elucidating the intricate immunopathogenesis of helminth-associated diseases and related malignancies. Future research should focus on identifying key regulatory molecules and signaling pathways and on mapping changes in both host and parasite gene expression profiles during chronic infections. Another crucial, yet frequently underexplored, factor is the interaction between helminths and the host microbiome. Since these parasites share ecological niches with commensal microbial communities, understanding how helminth infections alter the microbiome and, in turn, influence immune responses and carcinogenesis is imperative. These investigations will lay the foundation for integrated studies to unravel the complex tripartite relationship among host, helminths, and microbiota. Additionally, there is a pressing need to explore the development of novel biomarkers for the early detection of helminth-induced neoplasms, enabling timely clinical intervention. Translational research could also focus on the therapeutic potential of helminth-derived bioactive molecules or extracellular vesicles as novel immunotherapies for cancer.
Finally, from a public health perspective, future intervention studies evaluating the effectiveness of integrated deworming programs, environmental sanitation measures, health education and vector control strategies in reducing helminth-related cancer incidence are urgently warranted. This multifaceted approach could substantially mitigate the global cancer burden in helminth-endemic regions.
[bookmark: _Hlk204003461][bookmark: _Hlk213070710]Disclaimer (Artificial intelligence)
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
References
14. Abol-Enein H (2008) Infection: is it a cause of bladder cancer? Scandinavian Journal of Urology and Nephrology. Supplementum 42(218): 79–84, https://doi.org/10.1080/03008880802325309
15. Alhmoud JF, Woolley JF, Al Moustafa AE, & Malki MI (2020) DNA Damage/Repair Management in Cancers. Cancers: 12(4) 1050, https://doi.org/10.3390/CANCERS12041050
16. Alzahrani AM, & Rajendran P (2020) The Multifarious Link between Cytochrome P450s and Cancer. Oxidative Medicine and Cellular Longevity 2020, https://doi.org/10.1155/2020/3028387
17. Andrade RLFS, Dantas AFM, Pimentel LA, Galiza GJN, Carvalho FKL, Costa VMM, & Riet-Correa F (2012) Platynosomum fastosum-induced cholangiocarcinomas in cats. Veterinary Parasitology 190(1–2): 277–280, https://doi.org/10.1016/J.VETPAR.2012.04.015
18. Arora N, Kaur R, Anjum F, Tripathi S, Mishra A, Kumar R, & Prasad A (2019) Neglected Agent Eminent Disease: Linking Human Helminthic Infection, Inflammation, and Malignancy. Frontiers in Cellular and Infection Microbiology: 9, https://doi.org/10.3389/FCIMB.2019.00402
19. Benamrouz S, Conseil V, Creusy C, Calderon E, Dei-Cas E, & Certad G (2012) Parasites and malignancies, a review, with emphasis on digestive cancer induced by Cryptosporidium parvum (Alveolata: Apicomplexa). Parasite (Paris, France) 19(2): 101–115, https://doi.org/10.1051/PARASITE/2012192101
20. Berriel E, Russo S, Monin L, Festari MF, Berois N, Fernández G, Freire T, & Osinaga E (2013) Antitumor activity of human hydatid cyst fluid in a murine model of colon cancer. TheScientificWorldJournal 2013, https://doi.org/10.1155/2013/230176
21. Botelho MC, Vale N, Gouveia MJ, Rinaldi G, Santos J, Santos LL, Gomes P, Brindley PJ, & Correia da Costa JM (2013) Tumour-like phenotypes in urothelial cells after exposure to antigens from eggs of Schistosoma haematobium: an oestrogen-DNA adducts mediated pathway? International Journal for Parasitology 43(1): 17–26, https://doi.org/10.1016/J.IJPARA.2012.10.023
22. Bouvard V, Baan R, Straif K, Grosse Y, Secretan B, El Ghissassi F, Benbrahim-Tallaa L, Guha N, Freeman C, Galichet L, & Cogliano V (2009) A review of human carcinogens--Part B: biological agents. The Lancet. Oncology 10(4): 321–322, https://doi.org/10.1016/S1470-2045(09)70096-8
23. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, & Jemal A (2024) Global cancer statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA: A Cancer Journal for Clinicians 74(3): 229–263, https://doi.org/10.3322/CAAC.21834
24. Brindley PJ, Costa JMC Da, & Sripa B (2015) Why does infection with some helminths cause cancer? Trends in Cancer 1(3): 174–182, https://doi.org/10.1016/J.TRECAN.2015.08.011
25. Brown M, Mawa PA, Kaleebu P, & Elliott AM (2006) Helminths and HIV infection: Epidemiological observations on immunological hypotheses. Parasite Immunology 28(11): 613–623, https://doi.org/10.1111/J.1365-3024.2006.00904.X
26. Buckingham LJ, & Ashby B (2022) Coevolutionary theory of hosts and parasites. Journal of Evolutionary Biology 35(2): 205–224, https://doi.org/10.1111/JEB.13981
27. Callejas BE, Martínez-Saucedo D, & Terrazas LI (2018) Parasites as negative regulators of cancer. Bioscience Reports 38(5), https://doi.org/10.1042/BSR20180935
28. Cavalieri E, Chakravarti D, Guttenplan J, Hart E, Ingle J, Jankowiak R, Muti P, Rogan E, Russo J, Santen R, & Sutter T (2006) Catechol estrogen quinones as initiators of breast and other human cancers: implications for biomarkers of susceptibility and cancer prevention. Biochimica et Biophysica Acta 1766(1): 63–78, https://doi.org/10.1016/J.BBCAN.2006.03.001
29. Cavalieri EL, & Rogan EG (2016) Depurinating estrogen-DNA adducts, generators of cancer initiation: their minimization leads to cancer prevention. Clinical and Translational Medicine 5(1), https://doi.org/10.1186/S40169-016-0088-3
30. Correia da Costa JM, Vale N, Gouveia MJ, Botelho MC, Sripa B, Santos LL, Santos JH, Rinaldi G, & Brindley PJ (2014) Schistosome and liver fluke derived catechol-estrogens and helminth associated cancers. Frontiers in Genetics 5(DEC) 112439, https://doi.org/10.3389/FGENE.2014.00444/BIBTEX
31. Damane BP, Mulaudzi TV, Kader SS, Naidoo P, Dlamini Z, & Mkhize-Kwitshana ZL (2025) HIV-Helminth Co-Infections and Immune Checkpoints: Implications for Cancer Risk in South Africa. Viruses 17(3), https://doi.org/10.3390/V17030451
32. de Martel C, Georges D, Bray F, Ferlay J, & Clifford GM (2020). Global burden of cancer attributable to infections in 2018: a worldwide incidence analysis. The Lancet Global Health 8(2): e180–e190, https://doi.org/10.1016/S2214-109X(19)30488-7
33. De Robertis M, Massi E, Poeta M, Carotti S, Morini S, Cecchetelli L, Signori E, & Fazio V (2011) The AOM/DSS murine model for the study of colon carcinogenesis: From pathways to diagnosis and therapy studies. Journal of Carcinogenesis 10, https://doi.org/10.4103/1477-3163.78279
34. Debruyne PR, Bruyneel EA, Li X, Zimber A, Gespach C, & Mareel MM (2001) The role of bile acids in carcinogenesis. Mutation Research/Fundamental and Molecular Mechanisms of Mutagenesis 480–481: 359–369, https://doi.org/10.1016/S0027-5107(01)00195-6
35. Di Ciaula A, Wang DQH, Molina EM, Baccetto RL, Calamita G, Palmieri VO, & Portincasa P (2017) Bile Acids and Cancer: Direct and Environmental-Dependent Effects. Annals of Hepatology 16: S87–S105, https://doi.org/10.5604/01.3001.0010.5501
36. Díaz-Zaragoza M, Hernández-Ávila R, Landa A, & Ostoa-Saloma P (2024) Variation of the 2D Pattern of Brain Proteins in Mice Infected with Taenia crassiceps ORF Strain. International Journal of Molecular Sciences 25(3), https://doi.org/10.3390/IJMS25031460
37. Eichenberger RM, Ryan S, Jones L, Buitrago G, Polster R, de Oca MM, Zuvelek J, Giacomin PR, Dent LA, Engwerda CR, Field MA, Sotillo J, & Loukas A (2018) Hookworm secreted extracellular vesicles interact with host cells and prevent inducible colitis in mice. Frontiers in Immunology 9(APR), https://doi.org/10.3389/FIMMU.2018.00850
38. Elhasawy FA, Ashour DS, ElSaka AM, & Ismail HI (2021) The Apoptotic Effect of Trichinella spiralis Infection Against Experimentally Induced Hepatocellular Carcinoma. Asian Pacific Journal of Cancer Prevention : APJCP 22(3): 935–946, https://doi.org/10.31557/APJCP.2021.22.3.935
39. Eslahi AV, Ghaffarifar F, Hassan ZM, & Dalimi A (2022) Anticancer Activity of Hydatid Cyst Fluid along with Antigen B on Tumors Induced by 4T1 Breast Cancer Cell in a BALB/c Mice Model. Iranian Journal of Parasitology 17(2): 240–249, https://doi.org/10.18502/IJPA.V17I2.9542,
40. Farhana L, Nangia-Makker P, Arbit E, Shango K, Sarkar S, Mahmud H, Hadden T, Yu Y, & Majumdar APN (2016) Bile acid: a potential inducer of colon cancer stem cells. Stem Cell Research & Therapy 7(1), https://doi.org/10.1186/S13287-016-0439-4
41. GLOBOCAN 2022: Latest global cancer data shows rising incidence and stark inequities | UICC. (n.d.). Retrieved September 3, 2025, from https://www.uicc.org/news-and-updates/news/globocan-2022-latest-global-cancer-data-shows-rising-incidence-and-stark
42. Gouveia MJ, Brindley PJ, Rinaldi G, Gärtner F, Da Costa JMC, & Vale N (2019) Infection with carcinogenic helminth parasites and its production of metabolites induces the formation of DNA-adducts. Infectious Agents and Cancer 14(1): 1–9, https://doi.org/10.1186/S13027-019-0257-2/FIGURES/3
43. Gouveia MJ, Santos J, Brindley PJ, Rinaldi G, Lopes C, Santos LL, da Costa JMC, & Vale N (2015) Estrogen-like metabolites and DNA-adducts in urogenital schistosomiasis-associated bladder cancer. Cancer Letters 359(2): 226–232, https://doi.org/10.1016/J.CANLET.2015.01.018
44. Grivennikov SI (2013) Inflammation and colorectal cancer: colitis-associated neoplasia. Seminars in Immunopathology 35(2): 229–244, https://doi.org/10.1007/S00281-012-0352-6
45. Hamid HKS (2018) Schistosoma japonicum–Associated Colorectal Cancer: A Review. The American Journal of Tropical Medicine and Hygiene 100(3): 501, https://doi.org/10.4269/AJTMH.18-0807
46. Hanahan D (2022) Hallmarks of Cancer: New Dimensions. Cancer Discovery 12(1): 31–46, https://doi.org/10.1158/2159-8290.CD-21-1059
47. Hanahan D, & Weinberg RA (2011) Hallmarks of cancer: the next generation. Cell 144(5): 646–674, https://doi.org/10.1016/J.CELL.2011.02.013
48. Hossam Abdelmonem B, Abdelaal NM, Anwer EKE, Rashwan AA, Hussein MA, Ahmed Y F, Khashana R, Hanna MM, & Abdelnaser A (2024) Decoding the Role of CYP450 Enzymes in Metabolism and Disease: A Comprehensive Review. Biomedicines 12(7): 1467, https://doi.org/10.3390/BIOMEDICINES12071467
49. IARC Working Group (1994) Schistosomes, Liver Flukes and <em>Helicobacter pylori</em>. In IARC Monographs on the Evaluation of Carcinogenic Risks to Humans (Vol. 61)
50. Jacobs BA, Chetty A, Horsnell WGC, Schäfer G, Prince S, & Smith KA (2018) Hookworm exposure decreases human papillomavirus uptake and cervical cancer cell migration through systemic regulation of epithelial-mesenchymal transition marker expression. Scientific Reports 8(1), https://doi.org/10.1038/S41598-018-30058-9
51. Ju Z, Li M, Xu J, Howell DC, Li Z, & Chen FE (2022) Recent development on COX-2 inhibitors as promising anti-inflammatory agents: The past 10 years. Acta Pharmaceutica Sinica B 12(6): 2790, https://doi.org/10.1016/J.APSB.2022.01.002
52. Jusakul A, Loilome W, Namwat N, Haigh WG, Kuver R, Dechakhamphu S, Sukontawarin P, Pinlaor S, Lee SP, & Yongvanit P (2012) Liver fluke-induced hepatic oxysterols stimulate DNA damage and apoptosis in cultured human cholangiocytes. Mutation Research 731(1–2): 48–57, https://doi.org/10.1016/J.MRFMMM.2011.10.009
53. Kan X, Zhou Z, Liu L, Aiskikaer R, & Zou Y (2025) Significance of non-steroidal anti-inflammatory drugs in the prevention and treatment of cervical cancer. Heliyon e42055, https://doi.org/10.1016/J.HELIYON.2025.E42055
54. Kang YJ, Jo JO, Cho MK, Yu HS, Leem SH, Song KS, Ock MS, & Cha HJ (2013) Trichinella spiralis infection reduces tumor growth and metastasis of B16-F10 melanoma cells. Veterinary Parasitology 196(1–2): 106–113, https://doi.org/10.1016/J.VETPAR.2013.02.021
55. Kawanishi S, Ohnishi S, Ma N, Hiraku Y, Oikawa S, & Murata M (2017) Nitrative and oxidative DNA damage in infection-related carcinogenesis in relation to cancer stem cells. Genes and Environment : The Official Journal of the Japanese Environmental Mutagen Society 38(1), https://doi.org/10.1186/S41021-016-0055-7
56. Kay J, Thadhani E, Samson L, & Engelward B (2019) Inflammation-Induced DNA Damage, Mutations and Cancer. DNA Repair 83 102673, https://doi.org/10.1016/J.DNAREP.2019.102673
57. Kciuk M, Yahya EB, Mohamed Ibrahim Mohamed M, Rashid S, Iqbal MO, Kontek R, Abdulsamad MA, & Allaq AA (2023) Recent Advances in Molecular Mechanisms of Cancer Immunotherapy. Cancers 15(10), https://doi.org/10.3390/CANCERS15102721
58. Kim EM, & Hong ST (2025) Clonorchis sinensis and Cholangiocarcinoma. Journal of Korean Medical Science 40(16): e145, https://doi.org/10.3346/JKMS.2025.40.E145
59. Ledesma-Soto Y, Callejas BE, Terrazas CA, Reyes JL, Espinoza-Jiménez A, González MI, León-Cabrera S, Morales R, Olguín JE, Saavedra R, Oghumu S, Satoskar AR, & Terrazas LI (2015) Extraintestinal Helminth Infection Limits Pathology and Proinflammatory Cytokine Expression during DSS-Induced Ulcerative Colitis: A Role for Alternatively Activated Macrophages and Prostaglandins. BioMed Research International 2015, https://doi.org/10.1155/2015/563425
60. Liao C, Cheng X, Liu M, Wang X, & Boireau P (2018) Trichinella spiralis and Tumors: Cause, Coincidence or Treatment? Anti-Cancer Agents in Medicinal Chemistry 18(8): 1091, https://doi.org/10.2174/1871520617666171121115847
61. Liau MYQ, Toh EQ, & Shelat VG (2023) Opisthorchis viverrini—Current Understanding of the Neglected Hepatobiliary Parasite. Pathogens 12(6), https://doi.org/10.3390/PATHOGENS12060795
62. MacHicado C, & Marcos LA (2016) Carcinogenesis associated with parasites other than Schistosoma, Opisthorchis and Clonorchis: A systematic review. International Journal of Cancer 138(12): 2915–2921, https://doi.org/10.1002/IJC.30028
63. Mascarini-Serra L (2011) Prevention of Soil-transmitted Helminth Infection. Journal of Global Infectious Diseases 3(2): 175, https://doi.org/10.4103/0974-777X.81696
64. McSorley HJ, & Maizels RM (2012) Helminth Infections and Host Immune Regulation. Clinical Microbiology Reviews 25(4): 585, https://doi.org/10.1128/CMR.05040-11
65. Noya V, Bay S, Festari MF, García EP, Rodriguez E, Chiale C, Ganneau C, Baleux F, Astrada S, Bollati-Fogolín M, Osinaga E, & Freire T (2013) Mucin-like peptides from Echinococcus granulosus induce antitumor activity. International Journal of Oncology 43(3): 775–784, https://doi.org/10.3892/IJO.2013.2000
66. Oikonomopoulou K, Brinc D, Hadjisavvas A, Christofi G, Kyriacou K, & Diamandis EP (2014) The bifacial role of helminths in cancer: involvement of immune and non-immune mechanisms. Critical Reviews in Clinical Laboratory Sciences 51(3): 138–148, https://doi.org/10.3109/10408363.2014.886180
67. Olanipekun JA, & Babatunde JO (2016) Towards Reducing the Burden of Global Environmental Related Health Problems in the 21st Century. Journal of Education and Practice, 7(32): 57–64, https://www.iiste.org/Journals/index.php/JEP/article/view/34105
68. Pakharukova MY, Vavilin VA, Sripa B, Laha T, Brindley PJ, & Mordvinov VA (2015) Functional Analysis of the Unique Cytochrome P450 of the Liver Fluke Opisthorchis felineus. PLOS Neglected Tropical Diseases 9(12): e0004258, https://doi.org/10.1371/JOURNAL.PNTD.0004258
69. Pan X, He Q, Yin Y, Xu A, Wu A, Yi X, Zhong Z, Wu Y, & Li X (2024) Extracellular vesicles of Clonorchis sinensis promote the malignant phenotypes of cholangiocarcinoma via NF-κB/EMT axis. PLoS Neglected Tropical Diseases 18(10): https://doi.org/10.1371/JOURNAL.PNTD.0012545
70. Parang B, Barrett CW, & Williams CS (2016) AOM/DSS Model of Colitis-Associated Cancer. Methods in Molecular Biology (Clifton, N.J.) 1422: 297–307 https://doi.org/10.1007/978-1-4939-3603-8_26
71. Plummer M, de Martel C, Vignat J, Ferlay J, Bray F, & Franceschi S (2016) Global burden of cancers attributable to infections in 2012: a synthetic analysis. The Lancet Global Health 4(9): e609–e616, https://doi.org/10.1016/S2214-109X(16)30143-7
72. Ren X, Wu Y, Song T, Yang Q, Zhou Q, Lin J, Xu L, Xiang B, Chen Z, & Zhang Y (2025) Clonorchis sinensis Promotes Intrahepatic Cholangiocarcinoma Progression by Activating FASN-Mediated Fatty Acid Metabolism. Journal of Gastroenterology and Hepatology (Australia) 40(4): 1004–1015, https://doi.org/10.1111/JGH.16879
73. Ruenchit P, Reamtong O, Khowawisetsut L, Adisakwattana P, Chulanetra M, Kulkeaw K, & Chaicumpa W (2022) Peptide of Trichinella spiralis Infective Larval Extract That Harnesses Growth of Human Hepatoma Cells. Frontiers in Cellular and Infection Microbiology 12: 882608, https://doi.org/10.3389/FCIMB.2022.882608/FULL
74. Sadr S, & Borji H (2023) Echinococcus granulosus as a Promising Therapeutic Agent against TriplenegativeBreast Cancer. Current Cancer Therapy Reviews 19(4): 292–297, https://doi.org/10.2174/1573394719666230427094247
75. Sadr S, Yousefsani Z, Simab PA, Alizadeh AJR, Lotfalizadeh N, & Borji H (2023) Trichinella spiralis as a Potential Antitumor Agent: An Update. World’s Veterinary Journal 13(1): 65–74, https://doi.org/10.54203/SCIL.2023.WVJ7
76. Schreiber M, Macháček T, Vajs V, Šmídová B, Majer M, Hrdý J, Tolde O, Brábek J, Rösel D, & Horák P (2024). Suppression of the growth and metastasis of mouse melanoma by Taenia crassiceps and Mesocestoides corti tapeworms. Frontiers in Immunology 15, https://doi.org/10.3389/FIMMU.2024.1376907,
77. Schulpis KH, Papassotiriou I, & Tsakiris S (2006) 8-hydroxy-2-desoxyguanosine serum concentrations as a marker of DNA damage in patients with classical galactosaemia. Acta Paediatrica (Oslo, Norway : 1992) 95(2): 164–169, https://doi.org/10.1080/08035250500297810
78. Sitotaw E, Sitotaw A, Aleka Y, & Lemma M (2022) Prevalence of Intestinal Helminths among Cancer Patients Who Are under Chemotherapy at the University of Gondar Comprehensive Specialized Hospital Oncology Clinic, Northwest Ethiopia. Journal of Cancer Epidemiology 2022, https://doi.org/10.1155/2022/4484183
79. Smout MJ, Laha T, Chaiyadet S, Brindley PJ, & Loukas A (2024) Mechanistic insights into liver-fluke-induced bile-duct cancer. Trends in Parasitology 40(12): 1183–1196, https://doi.org/10.1016/J.PT.2024.10.012
80. Tan S, & Machrumnizar M (2023) Fish and Food-Fatale: Food-borne Trematode Opisthorchis viverrini and Cholangiocarcinoma. Helminthologia (Poland) 60(4): 287–299, https://doi.org/10.2478/HELM-2023-0036
81. Vale N, Gouveia MJ, Botelho M, Sripa B, Suttiprapa S, Rinaldi G, Gomes P, Brindley PJ, & Correia da Costa JM (2013) Carcinogenic liver fluke Opistorchis viverrini oxysterols detected by LC-MS/MS survey of soluble fraction parasite extract. Parasitology International 62(6): 535, https://doi.org/10.1016/J.PARINT.2013.08.001
82. van Tong H, Brindley PJ, Meyer CG, & Velavan TP (2017) Parasite Infection, Carcinogenesis and Human Malignancy. EBioMedicine 15: 12–23, https://doi.org/10.1016/J.EBIOM.2016.11.034
83. Wakelin D (1996) Helminths: Pathogenesis and Defenses. Medical Microbiology. https://www.ncbi.nlm.nih.gov/books/NBK8191/
84. Wu Y, Antony S, Meitzler JL, & Doroshow JH (2013) Molecular mechanisms underlying chronic inflammation-associated cancers. Cancer Letters 345(2): 164, https://doi.org/10.1016/J.CANLET.2013.08.014
85. Yohana C, Bakuza JS, Kinung’hi SM, Nyundo BA, & Rambau PF (2023) The trend of schistosomiasis related bladder cancer in the lake zone, Tanzania: a retrospective review over 10 years period. Infectious Agents and Cancer 18(1), https://doi.org/10.1186/S13027-023-00491-1
86. Zepeda CM, & Coffey KH (2015) Schistosoma haematobium Infection That Mimics Bladder Cancer in a 66-Year-Old Ethnic Egyptian Man. Laboratory Medicine 46(4): 338–342, https://doi.org/10.1309/LM96EJPPBYADIOVC
87. Zhang F, Wang XS, Zhu YT, & Xia P (2023) Conjoint analysis of clinical, imaging, and pathological features of schistosomiasis and colorectal cancer. Pathology and Oncology Research 29, https://doi.org/10.3389/PORE.2023.1611396
88. Zhao H, Wu L, Yan G, Chen Y, Zhou M, Wu Y, & Li Y (2021) Inflammation and tumor progression: signaling pathways and targeted intervention. Signal Transduction and Targeted Therapy 2021 6:1 6(1): 1–46, https://doi.org/10.1038/s41392-021-00658-5
89. Zheng N, Wang H, Yu Q, Wang C, Bai CG, Pan AF, Jiang J, Lu J, Dai SM, Mei Z, Zhang W, & Gao XH (2023) Changing trends, clinicopathological characteristics, surgical treatment patterns, and prognosis of schistosomiasis-associated versus non-schistosomiasis-associated colorectal cancer: a large retrospective cohort study of 31 153 cases in Shanghai, China (2001-2021). International Journal of Surgery (London, England) 109(4): 772–784, https://doi.org/10.1097/JS9.0000000000000293
[bookmark: _GoBack]


1

image2.png
Mitochondria

Oxidative
stress (ROS)

Activate
Oncogenes

DNA damage




image3.tiff
Infections of Helminths, E.
granulosus

Activity of Natural
Killer Cells

1

l Down-regulate the
production of IL-17

Metastasis and Tumor
growth

Metastasis and Tumor




image1.png
Pro-Inflammatory Cytokines
Helminth-induced carcinogenesis is
associated with elevated IL-6 and IL-8
cytokines, TNF-a, TGF-B and marked
increase in fibrosis that helps in

Pro-Mutagenic DNA Lesions
High levels of pro-mutagenic DNA lesions
such as O6-methyldeoxyguanosine,
diminished DNA repair capacity and
decreased O6-alkylguanine-DNA-alkyl-

autonomous proliferation. transferase activity.

IL-6/

DNA
Spontaneous Mutations IL-8
Genome-wide epigenetic
derangement and spontaneous CpG>TpG

5-methylcytosine deamination
and CpG>TpG mutations.

Chronic
Inflammation

shift in Th1-Th2 Balance
Activated macrophages that
suppress Th1 and promote Th2
immune response are prominent

in chronic parasitic infection
which leads to chronic stress.

TSG and Proto-Oncogenes

LOF of function of TSG like p15,
p16, p27 and ps3 resulting in
oncogene or prom-oncogene
onsets the uncontrolled
proliferation of cells.

Oxidative Stress
Macrophages and eosinophils
generate free radicals which can
oxidize and damage DNA, lead to
genetic instabilities and malignant
transformation.

Production of Metabolites
Catechol estrogen quinones and
catechol estrogen quinone-DNA-
adducts interact with DNA to form
DNA-adducts and generate apurinic
sites.

Increase in PD1 Expression
Increased PD1 (Programmed death-1)
expression reduces T-cell activation
with the help of co-stimulatory
molecules PD-L1 and PD-L2.




