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Abstract 

Background. The landscape of treatment for chronic inflammatory diseases has been 

fundamentally transformed by biological therapies and small-molecule inhibitors, yet concerns 

regarding their long-term safety and malignancy risk remain a focal point of clinical discussion. 

This review evaluates the oncogenic risk associated with major therapeutic classes, including 

TNF-α inhibitors, interleukin inhibitors, B-cell depleting agents and Janus kinase inhibitors. 

Evidence suggests that while some agents, like TNF-α inhibitors and JAK inhibitors, may be 

associated with an increased incidence of certain skin cancers or lymphomas in specific 

populations, other classes such as IL-17 and IL-23 inhibitors maintain a favorable safety 

profile. Furthermore, the paper highlights that effective control of chronic inflammation can 

paradoxically reduce the risk of inflammation-driven malignancies like colorectal cancer. The 

review concludes with updated screening recommendations, emphasizing the necessity of 

routine dermatological and gynecological surveillance to balance therapeutic efficacy with 

oncological safety.  

https://orcid.org/0009-0001-8062-0837?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExN0t3RXoySDdBOXFMQ080ZXNydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5AhTtRtVgMvsvuyDoyfpbOP5hJOitVslyp0eCfOh0M3QTf46Lblq8RXpY8lA_aem_f4Xju8TaBK_htImub2DFIA
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Aim. The aim of this review is to evaluate the malignancy risks of major therapeutic classes, 

including TNF-α, interleukin and JAK inhibitors. The focus is placed on clinically significant 

cancers like HSTCL and skin malignancies, while assessing modifying factors such as age and 

cumulative exposure.  

Material and methods. This work was conducted as a narrative review of literature. The 

search included clinical trials, meta-analyses and observational data from databases like 

PubMed and the Cochrane Library. Results were synthesized narratively due to study 

heterogeneity and methodological constraints like selection bias and short follow-up periods.  

Results. TNF-α and JAK inhibitors are associated with an increased risk of NMSC and certain 

lymphomas. In contrast, IL-17 and IL-23 inhibitors show a safety profile consistent with 

baseline population rates. HSTCL is almost exclusively linked to combination therapy with 

thiopurines. Effectively neutralizing chronic inflammation can paradoxically reduce the risk of 

certain cancers, such as colorectal cancer.  

Conclusions. Biological therapies generally do not increase the risk of solid tumors above 

baseline levels. Aggressive risks are often driven by concomitant therapies or underlying 

disease rather than biologics alone. Regular dermatological and gynecological screening is 

essential for maintaining oncological safety during treatment.  

Key words: Biological therapy, Malignancy risk, TNF-alpha inhibitors, Interleukin inhibitors. 

  

1. Introduction 

The landscape of treatment for chronic inflammatory diseases, including rheumatoid arthritis 

(RA), inflammatory bowel disease (IBD) and psoriasis, has been fundamentally transformed 

by the advent of biological therapies and small-molecule inhibitors (Imam, 2024). By targeting 

specific cytokines and signaling pathways, such as Tumor Necrosis Factor-alpha (TNF-α), 

various interleukins (IL-12, IL-17, IL-23) and the Janus kinase (JAK) family, these agents 

provide significant clinical remission where conventional therapies often fail (Fragoulis et al., 

2023; Imam, 2024). However, because these therapies modulate the immune mechanisms 

responsible for immunosurveillance, concerns regarding their long-term safety, particularly the 

risk of malignancy, remain a focal point of clinical discussion (Russell et al., 2023).  

https://www.zotero.org/google-docs/?aPgp3C
https://www.zotero.org/google-docs/?r2S50U
https://www.zotero.org/google-docs/?r2S50U
https://www.zotero.org/google-docs/?7XyXU3


The relationship between biologic agents and cancer is multifaceted. On one hand, 

chronic systemic inflammation is a well-established driver of genomic instability and 

tumorigenesis; thus, effective control of inflammation may theoretically reduce the baseline 

risk of certain malignancies (Imam, 2024). On the other hand, inhibition of key cytokines, such 

as TNF-α, which plays a central role in antitumor immune surveillance, may create conditions 

that favor lymphomagenesis or the progression of solid tumors (Imam, 2024; Phillips, 2020). 

Recent data from large-scale trials, such as ORAL Surveillance, have further intensified this 

debate by indicating a higher incidence of malignancies in certain high-risk populations treated 

with JAK inhibitors (JAKi) compared to those on TNF-inhibitors (TNFi) (Russell et al., 2023). 

This review aims to provide a comprehensive review of the current evidence 

surrounding malignancy risks of major therapeutic classes, including TNF-α inhibitors, 

interleukin (IL) inhibitors, B-cell depleting agents and JAKi. Specific focus is placed on 

malignancies of high clinical significance, such as Hepatosplenic T-cell Lymphoma (HSTCL), 

a rare but often fatal complication predominantly associated with combination therapy in 

younger male patients (Shah et al., 2020), as well as melanoma and non-melanoma skin cancers 

(NMSCs). Furthermore, this paper evaluates the influence of modifying factors such as age, 

sex and cumulative exposure time, while addressing the inherent limitations of available 

longitudinal data. Finally, we provide updated screening and monitoring recommendations to 

assist clinicians in balancing therapeutic efficacy with oncological safety.  

 

2. Research materials and methods 

This work was conducted as a narrative review of literature. The aim of the review was to 

provide a comprehensive evaluation of the current evidence surrounding malignancy risks of 

major therapeutic classes, including TNF-alpha inhibitors, interleukin inhibitors, B-cell 

depleting agents and Janus kinase inhibitors. The literature search was performed in medical 

databases including PubMed and the Cochrane Library, utilizing a wide range of studies and 

systematic reviews. The search strategy focused on identifying clinical trials, large-scale 

observational studies and meta-analyses exploring the association between biological therapies 

as well as oncogenesis.  

The search covered publications including recent data from 2024 to early 2026 to ensure 

the inclusion of the latest clinical findings and meta-analyses. In addition, global safety 

https://www.zotero.org/google-docs/?qDdNwj
https://www.zotero.org/google-docs/?l211hS
https://www.zotero.org/google-docs/?We2VCa
https://www.zotero.org/google-docs/?s8DLhw


databases and FDA registry analyses were examined. Publications in English were included. 

Owing to the methodological constraints and inherent heterogeneity across available studies, 

such as varying inclusion criteria, selection bias in randomized controlled trials and abbreviated 

follow-up periods, findings were synthesized narratively to balance therapeutic efficacy with 

long-term oncological safety. 

 

3. Molecular Mechanisms of Immunomodulation and Oncogenesis 

3.1 The Role of TNF-alpha in Tumor Suppression 

Tumor necrosis factor-alpha is a pleiotropic cytokine composed of 157 amino acids that forms 

a biologically active homotrimer (Horiuchi et al., 2010). TNF-α is primarily produced by 

immune cells, such as monocytes and macrophages, but other cell types, including acinar cells, 

can also secrete this cytokine. Engagement of TNF-α with its receptors activates multiple 

downstream pathways, leading to cytokine production, upregulation of adhesion molecules and 

release of procoagulant mediators (Leone et al., 2023). The production of TNF-α and other 

inflammatory cytokines, such as IL-1β and IL-6 by malignant cells is a downstream 

consequence of multiple oncogenic alterations. This suggests that inflammatory processes are 

embedded in tumor development and progression (Mantovani et al., 2008).  

The concentration of serum TNF-α serves as a significant prognostic indicator, where 

elevated levels typically signal a more aggressive disease course and a higher risk of 

complications. In a wide array of malignant conditions, researchers have observed that as the 

cytokine’s presence in the bloodstream increases, the likelihood of a positive clinical response 

or long-term survival diminishes. Consequently, this inverse relationship suggests that 

monitoring TNF-α levels can provide critical insights into a patient's overall trajectory and the 

potential severity of the malignancy (Balkwill, 2009).  

A range of therapeutic strategies has been developed to neutralize TNF-α, spanning 

from targeted biologics, such as monoclonal antibodies, soluble receptors and receptor fusion 

proteins, to genetic interventions like adenoviral-mediated blockade and small interfering RNA 

(siRNA). Additionally, small-molecule inhibitors and non-specific agents, including 

pentoxifylline, thalidomide and metalloproteinase inhibitors offer alternative pathways for 

TNF-α suppression (Esposito & Cuzzocrea, 2009).  

https://www.zotero.org/google-docs/?OIrhSU
https://www.zotero.org/google-docs/?ocFK7l
https://www.zotero.org/google-docs/?oZprGA
https://www.zotero.org/google-docs/?4lOkFb
https://www.zotero.org/google-docs/?FEvke7


TNF-α plays a dual role in modulating the tumor microenvironment, it not only drives 

the expansion of effector regulatory T cells via tumor necrosis factor receptor 2 (TNFR2) 

signaling, but also significantly bolsters their ability to suppress the antitumor activity of CD8+ 

T cells. By leveraging this pathway, researchers have found that targeting TNFR2 with a TNF-

α inhibitor can selectively prevent the rapid rebound of suppressive regulatory T cells following 

cyclophosphamide-induced lymphodepletion (Chang et al., 2015). Blockade of TNF-α 

signaling benefits cancer therapy by suppressing effector regulatory T cell expansion. This 

targeted inhibition effectively breaks the cycle of immune evasion, leading to a marked 

reduction in the growth of established tumors and shifting the balance back toward a robust 

immune response. However, while phase I and phase II clinical trials have explored the 

therapeutic potential of TNF-α antagonists as monotherapies, the objective results across 

various patient cohorts have remained relatively modest. Despite the strategic attempt to 

neutralize this cytokine's pro-tumor effects, the majority of participants failed to achieve 

significant tumor regression, with only a limited subset of individuals reaching a state of stable 

disease (Woyach et al., 2009). Moreover, TNF-α inhibitors were also associated with several 

adverse effects, including neurological disorders, drug-induced lupus and an increased risk of 

infections, particularly the reactivation of latent tuberculosis (Iannone et al., 2014).  

 

3.2 Interleukin-12/23 and Interleukin-17 Pathways 

The IL-17 and IL-23 cytokine groups are vital components of the body's immune system, 

serving as essential bridges between our immediate defenses and our immunity. These 

cytokines function as powerful signaling molecules that coordinate how the body recognizes 

and reacts to threats (Iwakura, 2006). IL-12 exerts a profound influence on immune regulation 

by orchestrating the differentiation of naive CD4+ T cells into IFNγ-producing Th1 cells. This 

critical lineage commitment is fundamentally driven by the activation of specific intracellular 

pathways, primarily governed by the transcription factors STAT4 and T-bet. By directing this 

process, IL-12 acts as a primary catalyst for cell-mediated immunity, ensuring the body 

produces the specialized effector cells necessary to combat intracellular pathogens and tumors 

(Szabo et al., 2000). A study employing IL-12–producing B16 melanomas demonstrated that 

innate lymphoid tissue-inducer cells mediated tumor suppression, highlighting the pleiotropic 

capacity of IL-12 to engage multiple arms of antitumor immunity (Eisenring et al., 2010).  

https://www.zotero.org/google-docs/?xiNoCq
https://www.zotero.org/google-docs/?xbISa1
https://www.zotero.org/google-docs/?CfoK8I
https://www.zotero.org/google-docs/?Yx30QP
https://www.zotero.org/google-docs/?4KfjmU
https://www.zotero.org/google-docs/?TAGNNe


Chan et al. demonstrated that the expression of IL-23 alone was sufficient to trigger the 

rapid de novo formation of intestinal adenomas in murine models, reaching an incidence rate 

of 100% within just three to four weeks. Remarkably, this tumorigenic process was driven by 

type 3 innate lymphoid cells and occurred entirely independently of external factors, such as 

exogenous carcinogens, Helicobacter colonization or pre-existing mutations in tumor 

suppressor genes. These findings highlight IL-23 as a potent, autonomous driver of colorectal 

oncogenesis, capable of bypassing the traditional requirements for environmental or genetic 

triggers (Chan et al., 2014). Research has demonstrated that the neutralization of IL-23 

significantly suppresses the formation of experimental lung metastases in multiple cancer 

models, including B16F10 melanoma, RM-1 prostate carcinoma and 3LL lung carcinoma. 

Interestingly, the anti-metastatic effect in these models is primarily mediated by host NK cells 

rather than CD8+ T cells. This suggests that IL-23 acts as a key negative regulator of innate 

surveillance and its inhibition can empower the innate immune system to effectively intercept 

and eliminate circulating tumor cells before they establish metastatic niches (Teng et al., 2011).  

IL-17 is recognized as a central orchestrator of the immune response, largely due to its 

ability to drive the production of potent inflammatory mediators. These signals specifically 

stimulate the expansion and tissue infiltration of myeloid cells, most notably neutrophils, which 

are essential for mounting an effective defense against pathogens. By mobilizing these innate 

immune effectors to the site of injury or infection, IL-17 effectively bridges the gap between 

initial recognition and a robust, systemic inflammatory response (Veldhoen, 2017). IL-17 

mobilizes myeloid cells through a two-step process. Specifically, IL-17 induces granulocyte 

colony-stimulating factor (G-CSF) expression, thereby promoting the expansion of 

granulocytes (Chung et al., 2013).  

 

4. Risk Assessment 

4.1 TNF-Alpha Inhibitors 

Since the introduction of anti-TNF agents, an increasing number of reports have documented 

malignancies arising after treatment initiation, raising concerns that, despite their therapeutic 

benefits, these agents may be associated with an increased risk of malignancy. 

https://www.zotero.org/google-docs/?nQm18M
https://www.zotero.org/google-docs/?q9qrcr
https://www.zotero.org/google-docs/?UpewIh
https://www.zotero.org/google-docs/?KdNCKp


The administration of etanercept has been linked to an increased risk of solid organ 

malignancies in patients undergoing treatment for granulomatosis with polyangiitis. 

Specifically, clinical data revealed that 6 out of 89 patients receiving etanercept in combination 

with standard cyclophosphamide therapy developed solid tumors over a median follow-up of 

27 months. In stark contrast, no malignancies were observed in the control group receiving 

cyclophosphamide alone (P = 0.01). The observed cases were diverse in pathology, including 

two instances of colon adenocarcinoma, as well as individual cases of cholangiocarcinoma, 

renal cell carcinoma, breast cancer and liposarcoma. These findings suggest that the adjunctive 

use of TNF inhibitors in this specific clinical context may significantly elevate oncogenic risk 

(“Etanercept plus Standard Therapy for Wegener’s Granulomatosis,” 2005).  

A meta-analysis encompassing nine clinical trials of anti-TNF-α therapy in patients 

with RA also identified a significant elevation in the risk of malignancy. The study reported 

that patients treated with infliximab or adalimumab faced an increased odds ratio (OR) of 3.3 

for developing cancer, a risk that was particularly pronounced in those receiving higher 

therapeutic doses (Bongartz et al., 2006).  

Anti-TNF-α therapy has also been linked to an increased incidence of melanoma and 

nonmelanoma skin cancers. A large-scale observational study involving 13,001 patients 

identified a specific association between anti-TNF-α therapy and an increased risk of NMSC 

with the OR of 1.5 (Wolfe & Michaud, 2007).  

 

4.2 Interleukin Inhibitors  

Biologic agents targeting the IL-17 and IL-23 pathways significantly enhance the quality of 

life for patients with psoriasis and other autoimmune disorders. These therapies offer high 

clinical efficacy alongside a favorable safety profile. 

Strober et al. determined that in patients treated with ixekizumab, a IL-17A inhibitor, 

the incidence of malignancies excluding NMSC was consistent with the expected baseline rates 

for the psoriasis population. Furthermore, these rates were found to be comparable to those 

observed in patients receiving etanercept during the induction phase. These findings suggest 

that ixekizumab maintains a safety profile regarding oncogenic risk (Strober et al., 2017).  

https://www.zotero.org/google-docs/?lyUakf
https://www.zotero.org/google-docs/?J87pqY
https://www.zotero.org/google-docs/?XTPWUr
https://www.zotero.org/google-docs/?UCA3mh


In a systematic review conducted by Peleva et al., the compiled data from multiple 

studies and reviews indicated that the long-term administration of IL-23 inhibitors, such as 

ustekinumab, was not associated with an elevated risk of malignancy (Peleva et al., 2018).  

According to Hasan et al., ustekinumab, a IL-12/23 inhibitor, does not significantly 

elevate the risk of developing new or recurrent malignancies in patients with IBD who have a 

history of cancer (Hasan et al., 2022).  

 

4.3 B-Cell Depleting Agents 

Rituximab and ocrelizumab are the anti-CD20 monoclonal antibodies. The potent efficacy of 

these agents in depleting B-cell compartments has led to their widespread use in managing a 

diverse array of autoimmune diseases. By targeting and removing pathogenic B cells, these 

therapies effectively interrupt the chronic inflammatory cycle across multiple clinical 

conditions. The protective synergy between CD20+ B cells and cytotoxic T cells is 

fundamental to antitumor immunity. Research indicates that the timing of anti-CD20 therapy 

is a decisive factor in oncogenic outcomes. In murine models, initiating treatment prior to tumor 

formation appeared to reduce metastatic potential, whereas administering therapy after tumor 

establishment paradoxically accelerated tumor growth and decreased survival by facilitating 

metastasis (Melamed & Lee, 2020). 

Malignancy rates of the rituximab were analyzed using the global safety database and 

data from the RA clinical trial program, which included eight randomized trials, two long-term 

extensions and one prospective study. No evidence of an increased risk for any organ-specific 

malignancy was shown. The observed malignancy rate of 7.4 per 1,000 patient-years remains 

within the expected range for this population, with no significant escalation in risk over time 

or repeated treatment courses. These findings support the long-term oncogenic safety profile 

of rituximab in the management of RA (Emery et al., 2020).  

Despite its generally favorable safety profile, some data suggests a potential association 

between ocrelizumab and a heightened risk of breast cancer. Clinical trial and open-label 

extension data through January 2020 recorded a malignancy rate of 0.46 events per 100 patient-

years, an incidence that remains within baseline epidemiological expectations (Hauser et al., 

2021). Nevertheless, due to these concerns, ocrelizumab is contraindicated in the European 

https://www.zotero.org/google-docs/?lRHRyN
https://www.zotero.org/google-docs/?Vjw5P8
https://www.zotero.org/google-docs/?q7QiIm
https://www.zotero.org/google-docs/?PC1s5q
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Union for patients with known active malignancies, reflecting a targeted regulatory caution 

regarding its impact on existing oncogenic processes. 

 

4.4 Janus kinase inhibitors 

Janus kinase molecules are essential mediators in cellular activation pathways. The mechanism 

of action for JAK inhibitors centers on their ability to precisely modulate the JAK-STAT 

(Signal Transducer and Activator of Transcription) signaling pathway. Over the last decade, 

JAKi have emerged as highly promising targeted therapies, playing a pivotal role in the modern 

treatment of various inflammatory and autoimmune diseases. 

Evidence regarding the oncogenic risk of JAKi relative to other therapies remains 

nuanced. According to Russell et al., network meta-analyses indicate that the incidence of all 

malignancies, including NMSCs, does not differ significantly when comparing JAKi to either 

a placebo (incidence rate ratio (IRR) 0.71; 95% confidence interval (CI) 0.44-1.15) or 

methotrexate (IRR 0.77; 95% CI 0.35-1.68). However, when evaluated against TNFi, JAKi 

were associated with a statistically significant increase in malignancy incidence, with an IRR 

of 1.50 (95% CI 1.16-1.94) (Russell et al., 2023). Conversely, Yang et al. reported that JAKi 

did not significantly elevate the risk of overall cancers compared to TNFi (pooled HR: 1.06; 

95% CI 0.81-1.37), though the certainty of evidence was rated as very low. Their secondary 

outcome analysis did, however, identify a specific increase in the risk of NMSC (HR: 1.21; 

95% CI 1.03-1.41), suggesting that while the broad systemic cancer risk may be comparable to 

biologics, a localized vulnerability to skin malignancies may persist (Yang et al., 2026). 

 

5. Specific Malignancies of Concern 

5.1 Hepatosplenic T-cell Lymphoma 

A rare but often fatal malignancy is associated with the combination of anti-TNF drugs and 

thiopurine, particularly in young male patients with Crohn’s disease. This has led to a clinical 

shift toward monotherapy or alternative biological treatment. 

https://www.zotero.org/google-docs/?aFrLaJ
https://www.zotero.org/google-docs/?t1nMo6


The risk of lymphoma in patients with IBD is significantly modulated by the choice of 

therapeutic regimen, as evidenced by a nationwide cohort study of approximately 190,000 

patients. Lemaitre et al. demonstrated that while thiopurine and anti-tumor necrosis factor 

monotherapies present statistically significant increase in lymphoma risk (adjusted hazard 

ratios (HR) of 2.60 and 2.41, respectively), this risk is substantially amplified during 

combination therapy, reaching an adjusted HR of 6.11 (Lemaitre et al., 2017). This elevation 

in risk is a critical factor in clinical decision-making, particularly regarding the prevention of 

HSTCL, a rare but highly aggressive malignancy. 

The pathogenesis of HSTCL in the context of IBD appears inextricably linked to 

thiopurine exposure rather than biological treatment in monotherapy. Systematic reviews and 

FDA database analyses by Kotlyar et al. and Shah et al. have confirmed that HSTCL develops 

almost exclusively in patients undergoing chronic thiopurine monotherapy or combination 

therapy involving thiopurines and TNFi (Kotlyar et al., 2011; Shah et al., 2020). There are no 

documented cases of HSTCL in patients treated exclusively with anti-TNF agents (Kotlyar et 

al., 2011; Shah et al., 2020). Furthermore, newer generations of biologics, including 

vedolizumab and ustekinumab, maintain a high safety profile. Only rare lymphoma cases were 

reported during their use and have been limited to patients with prior histories of classic 

immunosuppressant and anti-TNF exposure (Shah et al., 2020). 

HSTCL mostly affects young males under 35 years old, with a reported median age of 

28 years (Kotlyar et al., 2011; Shah et al., 2020). Schwartz et al. highlighted that this 

demographic profile requires additional caution when prescribing immune-modifying therapies 

to young males, as they represent a susceptible group (Schwartz et al., 2025). 

The clinical prognosis for HSTCL remains extremely poor, with a five-year survival 

rate. The management of this malignancy is further complicated by the frequent onset of 

hemophagocytic syndrome, a potentially fatal complication that drastically shortens survival. 

While Chen et al. noted that combined systemic chemotherapy following splenectomy may 

offer improved outcomes compared to chemotherapy alone, the disease remains refractory to 

current treatment modalities (Mingyue-Chen et al., 2024). 

5.2 Malignant Melanoma 

While the link between biological therapies and malignant melanoma is considered less 

definitive than other skin cancers, its potential severity warrants clinical caution (Budiasih & 

https://www.zotero.org/google-docs/?9QUEOd
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Handrean, 2025; Johnson et al., 2017; Kerbleski & Gottlieb, 2009). Epidemiological data from 

a comprehensive cohort study indicates that while RA itself does not intrinsically raise 

melanoma risk compared to the general population, patients treated with TNFi demonstrate a 

50% increased relative risk of developing invasive melanoma (J. Wolfe, 2013). This is further 

supported by clinical case reports detailing the onset of melanoma and potential melanocytic 

proliferation following prolonged exposure to anti-TNF drugs, such as adalimumab and 

infliximab (J. Wolfe, 2013). 

The pathophysiology of this increased melanoma risk is complex and heavily 

influenced by ultraviolet (UV) radiation exposure. Systemic TNF inhibition fundamentally 

alters the native cutaneous response to UV radiation (Budiasih & Handrean, 2025). 

Endogenous TNF-α normally serves as an early mediator in the UV-induced inflammatory 

cascade, activating nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) and 

mitogen-activated protein kinase (MAPK) signaling pathways that upregulate microphthalmia-

associated transcription factor (MITF) and drive protective melanin synthesis (Budiasih & 

Handrean, 2025). Because naturally occurring TNF-α drives this cycle of protective pigment 

production, using medications to block this protein can fundamentally change how the skin 

reacts to UV radiation, potentially leading to irregular pigmentation and atypical melanocyte 

activity (Budiasih & Handrean, 2025). 

Despite these concerns, a comprehensive review of current biological therapies 

indicates no statistically significant correlation with an increased risk of malignant melanoma 

compared to standard treatments of chronic inflammatory diseases (Esse et al., 2020). Although 

patients receiving biologics for conditions such as psoriasis, RA and IBD occasionally 

demonstrate a slightly higher estimated risk, robust statistical data do not support a definitive 

clinical connection (Esse et al., 2020). Recent meta-analyses focusing specifically on TNFi 

demonstrate that long-term immunosuppression does not significantly elevate malignancy 

rates, with RR reported at 1.04 (95% CI: 0.71-1.51) in interventional studies and 1.42 (95% 

CI: 0.72-2.79) in observational cohorts (Driscoll et al., 2025). Furthermore, contemporary 

systematic reviews confirm that the incidence of malignant melanoma remains consistently low 

and stable across newer therapeutic classes. Modern alternatives, including JAKi and IL-12/23, 

IL-23 and IL-17 inhibitors, do not carry oncologic risk, demonstrating an overall melanoma 

incidence rate of just 0.08 events per 100 patient-years (95% CI: 0.05-0.15) (Krzysztofik et al., 

2023). 



However, investigators raise awareness that a latent increase in melanoma risk cannot 

be definitively excluded (Esse et al., 2020). A significant limitation of current literature is that 

many existing studies fail to control for crucial confounding variables, such as a patient's 

natural skin phototype and history of ultraviolet radiation exposure (Esse et al., 2020). 

Consequently, researchers emphasize the critical necessity for high-quality, long-term 

prospective cohort studies to adequately track these genetic and environmental factors and to 

properly monitor for delayed adverse events (Driscoll et al., 2025; Esse et al., 2020; Krzysztofik 

et al., 2023). 

 

5.3 Non-melanoma skin cancers 

TNFi are highly effective biological therapies that have revolutionized the management of 

chronic inflammatory conditions (Kerbleski & Gottlieb, 2009; J. Wolfe, 2013). However, their 

use is frequently accompanied by dermatological side effects, including injection site reactions, 

local and systemic infections or allergic rashes (Kerbleski & Gottlieb, 2009). Beyond these 

inflammatory complications, the immunosuppressive nature of biological therapies requires 

patient screening due to an associated risk of cutaneous malignancies (Johnson et al., 2017; J. 

Wolfe, 2013). 

Unlike melanoma, TNFi have a clearly linked and well-established association with an 

increased ratio of NMSC, specifically basal cell and squamous cell carcinomas (Budiasih & 

Handrean, 2025; J. Wolfe, 2013). The pathophysiology of this increased malignancy risk is 

heavily driven by environmental UV exposure combined with pharmacologic 

immunosuppression. Systemically suppressing the immune system can impair the skin's native 

immune surveillance, exacerbating the DNA-damaging effects of UV rays and influencing the 

presentation of malignant transformations (Johnson et al., 2017; Kerbleski & Gottlieb, 2009). 

Given the coincidence of systemic immunosuppression, altered physiological 

cutaneous responses and environmental UV risks, strict patient compliance as well as 

preventive measures are essential for patients at risk of NMSC. Current clinical guidelines 

advise that patients receiving TNFi therapies should practice photoprotection and undergo 

routine dermatologic surveillance (Budiasih & Handrean, 2025; Johnson et al., 2017; Kerbleski 

& Gottlieb, 2009). Specifically, annual total-body skin examinations are highly recommended 



to ensure the early detection of basal cell carcinomas, squamous cell carcinomas and any other 

suspicious lesions (Johnson et al., 2017; Kerbleski & Gottlieb, 2009). 

 

5.4 Breast, Lung and Colorectal tumors 

Epidemiological evidence supports the oncologic safety of TNFi regarding the development of 

malignancies. A comprehensive 2025 meta-analysis encompassing over 57,000 patients 

demonstrated a remarkably low incidence of breast, lung and colorectal cancers, revealing no 

statistically significant increase in malignancy ratio (Hellgren et al., 2021). These findings are 

strongly corroborated by a large Nordic cohort study involving patients with psoriatic arthritis, 

which found that the overall rate of solid tumors remained unchanged during TNFi therapy, 

yielding a standardized incidence ratio (SIR) of 1.0 (95% CI: 0.9-1.1) (Kalliolias et al., 2023). 

Ultimately, these data suggest that the level of immunosuppression required to manage chronic 

inflammatory conditions does not inherently elevate major malignancy risks above baseline 

population levels (Kalliolias et al., 2023). 

While certain site-specific risk variations exist, these are primarily driven by underlying 

disease pathogenesis, shared environmental exposures, rather than the biological therapies 

themselves (Kalliolias et al., 2023). For example, the increased incidence of lung cancer is 

largely attributed to shared etiologic factors such as smoking and chronic interstitial lung 

disease (Kalliolias et al., 2023). 

Moreover, patients often exhibit a decreased risk of colorectal and breast cancers 

relative to the general population. This reduction is linked to the chemopreventive effects of 

routine non-steroidal anti-inflammatory drug use and cumulative glucocorticoid exposure 

(Kalliolias et al., 2023). It suggests that biologic immunomodulation is not the primary driver 

of altered malignancy rates for these common solid tumors, supporting a favorable oncologic 

safety profile for these therapies (Driscoll et al., 2025; Hellgren et al., 2021; Kalliolias et al., 

2023). 
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6. Modifying Factors 

6.1 Combined therapies 

Malignancy risks in autoimmune treatments vary significantly based on the drug class, 

underlying condition and specific cancer type. In IBD, combinations of thiopurines and anti-

TNF drugs are heavily implicated in driving HSTCL (Shah et al., 2020). However, prolonged 

use of these therapies in IBD cohorts does not significantly elevate the risk of recurrent NMSC 

(Scott et al., 2016). 

In contrast, methotrexate presents a distinct NMSC risk profile for patients with RA. 

Using methotrexate alongside other medications significantly increases the risk of a second 

NMSC (HR, 1.60; 95% CI, 1.08-2.37). Furthermore, adding anti-TNF agents to a methotrexate 

regimen raises the recurrence hazard compared to methotrexate monotherapy (HR, 1.49; 95% 

CI, 1.03-2.16) (Scott et al., 2016). 

Ultimately, these contrasting profiles demand highly individualized patient monitoring. 

Thiopurine combinations in IBD require strict vigilance for lymphoproliferative disorders like 

HSTCL, while methotrexate-based regimens in RA necessitate heightened dermatologic 

surveillance for recurrent NMSC. 

 

6.2 Age and sex of patient 

Age is a primary modifier of malignancy risk in patients receiving biological therapies, whereas 

patient sex does not significantly alter this risk (B. Singh et al., 2026). The clinical paradigms 

for oncogenesis differ fundamentally between geriatric and pediatric populations. 

In geriatric population patients over 65, baseline cancer risk is doubled due to 

physiological aging and accumulated exposures (B. Singh et al., 2026). However, meta-

analyses demonstrate that biological therapy itself does not significantly increase incident 

cancer risk in this cohort (RR: 0.90), though it raises infection risk (Piovani et al., 2019). The 

elevated oncogenic risk often attributed to these treatments is primarily driven by concomitant 

immunomodulators, such as thiopurines. Newer biologic classes, including vedolizumab and 

ustekinumab, demonstrate high safety profiles (B. Singh et al., 2026). 
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Pediatric risk profiles are heavily influenced by the underlying autoimmune pathology. 

A retrospective study of children with juvenile idiopathic arthritis (JIA) found that the disease 

itself independently triples the baseline cancer incidence compared to matched controls (SIR: 

4.0) (Nordstrom et al., 2012). This elevated inherent risk must be accounted for when 

evaluating the oncogenic potential of biologic disease-modifying antirheumatic drugs 

(bDMARDs). 

While the absolute occurrence of malignancies in children treated with bDMARDs is 

rare, registry data and cohort studies suggest a potentially elevated rate of incident hematologic 

malignancies over long-term follow-up (Koker et al., 2020; Zimmer & Horneff, 2025). The 

primary challenge in pediatric pharmacovigilance is the prolonged latency period of 

oncogenesis. Because malignancies associated with early biologic intervention may not 

clinically manifest until adulthood, continuous, longitudinal surveillance extending well 

beyond the pediatric years is strictly required to define life-long risk (Koker et al., 2020; 

Zimmer & Horneff, 2025). 

 

6.3 Exposure time 

Current evidence indicates that prolonged administration of biological therapies does not result 

in a cumulative, dose-dependent increase in malignancy risk (Driscoll et al., 2025; Mercer et 

al., 2015; B. Singh et al., 2026). While malignancies may occur in patients with extended 

treatment durations, these are primarily driven by independent variables such as advancing age, 

genetic predisposition, chronic systemic inflammation and cumulative exposure to 

conventional immunomodulators (e.g., thiopurines or methotrexate), rather than the biologic 

agents themselves (Mercer et al., 2015; B. Singh et al., 2026; Takamura et al., 2025). 

Continuous biological therapy has consistently demonstrated a long-term safety profile 

and even some protective benefits. In psoriasis cohorts, prolonged biologic exposure 

significantly reduced the cumulative cancer rate compared to topical treatments alone (4.4% 

versus 18.2%), likely due to the continuous suppression of oncogenic chronic inflammation 

(Takamura et al., 2025). Similarly, in IBD, newer targeted therapies, such as TNFi, 

ustekinumab and vedolizumab do not exhibit accumulating cancer risk over time (B. Singh et 

al., 2026). 
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7. Clinical Guidelines and Screening 

7.1 Inflammation control 

Chronic inflammation is a well-established driver of carcinogenesis, demonstrated by the 

heightened risk of colorectal cancer (CRC) in patients with IBD (Poullenot & Laharie, 2023). 

Because the progression is heavily dependent on the duration, anatomical extent and severity 

of active chronic colitis, effectively neutralizing the pro-neoplastic inflammatory 

microenvironment provides a critical intervention point (Poullenot & Laharie, 2023). While 

immunosuppressive therapies historically raise concerns, suppressing inflammation with 

targeted biologic drugs can paradoxically reduce the risk of certain inflammation-driven 

malignancies (Chen et al., 2022; Poullenot & Laharie, 2023). 

Clinical evidence strongly supports this chemopreventive effect. Achieving disease 

control with anti-inflammatory medications, specifically anti-TNF drugs and thiopurines is 

associated with a markedly decreased risk of CRC in patients with longstanding colitis 

(Poullenot & Laharie, 2023). By extinguishing chronic inflammation these therapies protect 

against inflammation-associated carcinogenesis, effectively overriding the theoretical 

oncologic risks of immunosuppression (Poullenot & Laharie, 2023). 

Recent genetic studies provide robust mechanistic support for these clinical 

observations. A drug-target Mendelian randomization study evaluated the genetically proxied 

inhibition of TNFR1, which mimics the pharmacological action of anti-TNF treatment (Chen 

et al., 2022). The study demonstrated that this TNF inhibition successfully suppressed systemic 

inflammation, marked by decreased C-reactive protein levels and was associated with a 

statistically significant reduction in colorectal cancer risk (Chen et al., 2022). Together, these 

clinical and genetic findings highlight that anti-TNF drugs not only manage autoimmune 

pathologies but also hold significant potential as targeted chemopreventive agents against CRC 

(Chen et al., 2022; Poullenot & Laharie, 2023). 

 

7.2  Limitations of the available studies 

The assessment of long-term oncological safety and potential side effects associated with 

advanced biological therapies is hindered by the methodological constraints (Bonovas et al., 
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2016; Zimmer & Horneff, 2025). A primary confounding variable across the literature is the 

pervasive selection bias inherent to randomized controlled trials (RCTs) (Bonovas et al., 2016; 

J. A. Singh et al., 2017; Zimmer & Horneff, 2025). Phase III trials typically employ strict 

inclusion and exclusion criteria, which omit older patients, those with significant comorbidities 

and individuals with a history of malignancy (Bonovas et al., 2016; Zimmer & Horneff, 2025). 

A Cochrane systematic review of biological treatments for RA underscored this vulnerability, 

demonstrating the routine exclusion of high-risk demographics (J. A. Singh et al., 2017). As a 

result, the highly curated cohorts within these trials fail to mirror the baseline oncological risk 

of real-world populations, potentially distorting safety evaluations (Bonovas et al., 2016; J. A. 

Singh et al., 2017; Zimmer & Horneff, 2025). 

Moreover, a fundamental temporal mismatch exists between standard clinical trial 

durations and the natural pathogenesis of cancer (Bonovas et al., 2016; J. A. Singh et al., 2017). 

RCTs designed to evaluate the safety and efficacy of biologics are generally characterized by 

abbreviated follow-up intervals, typically spanning from six months to a few years (Bonovas 

et al., 2016; J. A. Singh et al., 2017). Given that the biological latency required for 

carcinogenesis often extends beyond a decade, these brief observational windows are 

fundamentally ill-equipped to detect incident malignancies (Bonovas et al., 2016). Zimmer and 

Horneff recently highlighted this discrepancy, noting that the protracted biological progression 

of cancer far exceeds the observational capacity of standard trials (Zimmer & Horneff, 2025). 

Consequently, the absence of elevated cancer incidence within short-term trial datasets 

does not preclude the possibility of long-term neoplastic risk (Bonovas et al., 2016; J. A. Singh 

et al., 2017). Depending exclusively on RCT data is, therefore, insufficient for determining 

definitive oncological outcomes (Zimmer & Horneff, 2025). To mitigate trial-induced selection 

bias and accurately document longitudinal cancer incidence, it is imperative to augment RCT 

data with rigorous post-marketing surveillance and comprehensive patient registries. 

Monitoring expansive cohorts across a lifelong trajectory is critical to ensure that follow-up 

durations adequately encompass the delayed latency periods characteristic of oncogenesis 

(Bonovas et al., 2016; J. A. Singh et al., 2017; Zimmer & Horneff, 2025). 
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7.3 Dermatological and Gynaecological screening recommendations 

The introduction of systemic therapies for the management of psoriasis necessitates rigorous 

evaluation of associated oncologic risks, particularly regarding NMSC. The Psoriasis 

Longitudinal Assessment and Registry (PSOLAR) observational study evaluated the incidence 

of (BCC and SCC among approximately 12,000 psoriasis patients receiving systemic 

treatments (deShazo et al., 2019). Utilizing Cox proportional-hazards regression, researchers 

compared the first-incident risk of NMSC in patients exposed to TNFi, ustekinumab and MTX 

against an unexposed control group. The findings revealed significant variance in malignancy 

risk depending on the therapeutic agent. Notably, exposure to MTX (HR: 8.58) and TNFi (HR: 

2.54) was associated with a significantly elevated risk of developing BCC (deShazo et al., 

2019). Ustekinumab exposure did not increase BCC risk and demonstrated a statistically 

significant association with a decreased incidence of SCC (deShazo et al., 2019). 

Given these established epidemiological associations, the initiation of biological and 

systemic therapies mandates a comprehensive baseline oncological risk assessment. This 

evaluation must incorporate the patient's personal and familial malignancy history, 

environmental exposures and prior use of immunosuppressive agents. In dermatologic practice, 

surveillance protocols are heavily oriented toward the early detection of NMSC.  

Standard of care dictates that a full-body skin examination be performed prior to the 

initiation of treatment and annually thereafter (Barbieri et al., 2021). Such vigilant 

dermatologic monitoring is strictly recommended for patients with a history of prolonged 

phototherapy or conventional immunosuppressant use, particularly in light of the documented 

correlations between TNFi therapy and localized cutaneous malignancies (Barbieri et al., 2021; 

deShazo et al., 2019). 

In addition to routine skin examinations, patients receiving systemic 

immunosuppression require careful gynecological monitoring. Because immunosuppressive 

therapies can theoretically impair the immune system's ability to clear viruses, there is a 

potential risk for viral-driven oncogenic progression. Therefore, before initiating biological 

therapies, female patients must be up-to-date with routine Papanicolaou smears and primary 

human papillomavirus screenings (Barbieri et al., 2021). 

While current clinical guidelines do not require accelerated or more frequent 

gynecological screening simply because a patient is on biologics, strict adherence to standard, 
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population-based screening schedules is critical (Barbieri et al., 2021). If active dysplastic or 

malignant lesions are discovered, multidisciplinary coordination between dermatologists and 

gynecologists is essential. This collaborative management ensures the patient receives 

appropriate intervention for the lesion while avoiding unnecessary interruptions to their 

biological treatment regimen (Barbieri et al., 2021). 

 

8. Conclusion 

The relationship between biological therapies and malignancy is multifaceted, as these agents 

both modulate immune surveillance and suppress the chronic inflammation that drives 

tumorigenesis. While TNF-α inhibitors and JAKi are associated with an increased risk of 

non-melanoma skin cancers and certain lymphomas, newer interleukin inhibitors targeting 

IL-17 and IL-23 pathways demonstrate an oncogenic safety profile consistent with baseline 

population rates. Crucially, the risk of rare but fatal complications like Hepatosplenic T-cell 

Lymphoma appears almost exclusively linked to combination therapy involving thiopurines 

rather than biological monotherapy. Furthermore, the overall incidence of major solid tumors, 

such as breast, lung and colorectal cancers, does not appear to be significantly elevated by 

biological treatment; in fact, the suppression of systemic inflammation may offer protective 

chemopreventive effects against colorectal cancer. 

Despite these reassuring findings, the assessment of long-term risk remains limited by 

the abbreviated follow-up periods and selection biases inherent in clinical trials. Continuous 

longitudinal surveillance is essential, particularly for pediatric populations where oncogenic 

latency may extend into adulthood. Clinicians must remain vigilant by implementing 

standardized screening protocols, including annual total-body skin examinations and regular 

gynecological monitoring, to ensure early detection of potential malignancies. Ultimately, the 

current evidence supports a favorable benefit-risk ratio for most biologic therapies, provided 

that treatment is accompanied by individualized risk assessment and rigorous patient 

monitoring. Future research should focus on genetic biomarkers to identify the small subset of 

patients who may be predisposed to therapy-induced malignancies. 

 

 

https://www.zotero.org/google-docs/?0VIfU5
https://www.zotero.org/google-docs/?PLiJjG


Author’s contributions: 

Conceptualization: Adrian Majtas, Zofia Możdżan 

Methodology: Agnieszka Olejnik, Jakub Tambor, Igor Tambor, Agnieszka Nowosielska-

Ogórek 

Investigation: Konrad Gronek, Zofia Możdżan, Edward Zheng 

Resources: Edward Zheng, Jakub Tambor, Beata Huszcza 

Data curation: Beata Huszcza, Agnieszka Olejnik 

Writing- rough preparation: Adrian Majtas, Dominik Gajewski, Igor Tambor 

Writing review and editing: Adrian Majtas, Zofia Możdżan 

  

All authors have read and agreed with the published version of the manuscript. 

  

Disclosure: Authors do not report any disclosures 

Funding Statement: No funding was received 

Institutional Review Board Statement: Not applicable 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Not applicable. 

Acknowledgments: Not applicable 

Conflict of Interest Statement: Authors have declared no conflict of interest. 

Declaration on the use of  AI: In preparing this work,  the authors used Grammarly for the 

purpose of improving language and readability,  text formatting  and verification of 

bibliographic styles. After using this tool/service, the authors have reviewed and edited the 

content as needed and accept full responsibility for the substantive content of the publication. 

 

 

 



References 

Balkwill, F. (2009). Tumour necrosis factor and cancer. Nature Reviews Cancer, 9(5), 

361–371. https://doi.org/10.1038/nrc2628  

Barbieri, J. S., Wang, S., Ogdie, A. R., Shin, D. B., & Takeshita, J. (2021). Age-

appropriate cancer screening: A cohort study of adults with psoriasis prescribed 

biologics, adults in the general population and adults with hypertension. Journal of the 

American Academy of Dermatology, 84(6), 1602–1609. 

https://doi.org/10.1016/j.jaad.2020.10.045  

Bongartz, T., Sutton, A. J., Sweeting, M. J., Buchan, I., Matteson, E. L., & Montori, V. 

(2006). Anti-TNF Antibody Therapy in Rheumatoid Arthritis and the Risk of Serious 

Infections and Malignancies: Systematic Review and Meta-analysis of Rare Harmful 

Effects in Randomized Controlled Trials. JAMA, 295(19), 2275. 

https://doi.org/10.1001/jama.295.19.2275  

Bonovas, S., Fiorino, G., Allocca, M., Lytras, T., Nikolopoulos, G. K., Peyrin-Biroulet, 

L., & Danese, S. (2016). Biologic Therapies and Risk of Infection and Malignancy in 

Patients With Inflammatory Bowel Disease: A Systematic Review and Network Meta-

analysis. Clinical Gastroenterology and Hepatology, 14(10), 1385-1397.e10. 

https://doi.org/10.1016/j.cgh.2016.04.039  

Chan, I. H., Jain, R., Tessmer, M. S., Gorman, D., Mangadu, R., Sathe, M., Vives, F., 

Moon, C., Penaflor, E., Turner, S., Ayanoglu, G., Chang, C., Basham, B., Mumm, J. 

B., Pierce, R. H., Yearley, J. H., McClanahan, T. K., Phillips, J. H., Cua, D. J., … 

LaFace, D. (2014). Interleukin-23 is sufficient to induce rapid de novo gut 

tumorigenesis, independent of carcinogens, through activation of innate lymphoid cells. 

Mucosal Immunology, 7(4), 842–856. https://doi.org/10.1038/mi.2013.101  

Chang, L.-Y., Lin, Y.-C., Chiang, J.-M., Mahalingam, J., Su, S.-H., Huang, C.-T., 

Chen, W.-T., Huang, C.-H., Jeng, W.-J., Chen, Y.-C., Lin, S.-M., Sheen, I.-S., & Lin, 

C.-Y. (2015). Blockade of TNF-α signaling benefits cancer therapy by suppressing 

effector regulatory T cell expansion. OncoImmunology, 4(10), e1040215. 

https://doi.org/10.1080/2162402X.2015.1040215  

https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt


Chen, M., Chen, Q., Xiao, X.-Y., Feng, S.-J., Wang, X.-Y., Tang, T.-C., & Zheng, H. 

(2022). Genetically proxied inhibition of tumor necrosis factor and the risk of colorectal 

cancer: A drug-target mendelian randomization study. Frontiers in Pharmacology, 13, 

1079953. https://doi.org/10.3389/fphar.2022.1079953  

Chung, A. S., Wu, X., Zhuang, G., Ngu, H., Kasman, I., Zhang, J., Vernes, J.-M., Jiang, 

Z., Meng, Y. G., Peale, F. V., Ouyang, W., & Ferrara, N. (2013). An interleukin-17–

mediated paracrine network promotes tumor resistance to anti-angiogenic therapy. 

Nature Medicine, 19(9), 1114–1123. https://doi.org/10.1038/nm.3291  

deShazo, R., Soltani-Arabshahi, R., Krishnasamy, S., Langley, R. G., Kalia, S., Ståhle, 

M., Langholff, W., Goyal, K., Fakharzadeh, S., Galindo, C., Srivastava, B., & Krueger, 

G. (2019). Non-Melanoma Skin Cancer Risk Among Patients in the Psoriasis 

Longitudinal Assessment and Registry (PSOLAR). Journal of Drugs in Dermatology: 

JDD, 18(10), 1059–1060.  

Driscoll, C. B., Rich, J. M., Isaacson, D., Nicolas, J., Jiang, Y., Mi, X., Yang, C., 

Kocsuta, V., Goh, R., Patel, N., Li, E., Siddiqui, M. R., Meyers, T., Witte, J. S., Kachuri, 

L., Zhang, H., Beestrum, M., Silberman, P., Schaeffer, E. M., & Kundu, S. D. (2025). 

Tumor Necrosis Factor-Alpha Inhibitor Use and Malignancy Risk: A Systematic 

Review and Patient Level Meta-Analysis. Cancers, 17(3), 390. 

https://doi.org/10.3390/cancers17030390  

Eisenring, M., Vom Berg, J., Kristiansen, G., Saller, E., & Becher, B. (2010). IL-12 

initiates tumor rejection via lymphoid tissue–inducer cells bearing the natural 

cytotoxicity receptor NKp46. Nature Immunology, 11(11), 1030–1038. 

https://doi.org/10.1038/ni.1947  

Emery, P., Furst, D. E., Kirchner, P., Melega, S., Lacey, S., & Lehane, P. B. (2020). 

Risk of Malignancies in Patients with Rheumatoid Arthritis Treated with Rituximab: 

Analyses of Global Postmarketing Safety Data and Long-Term Clinical Trial Data. 

Rheumatology and Therapy, 7(1), 121–131. https://doi.org/10.1007/s40744-019-

00183-6  

https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt


Esposito, E., & Cuzzocrea, S. (2009). TNF-Alpha as a Therapeutic Target in 

Inflammatory Diseases, Ischemia- Reperfusion Injury and Trauma. Current Medicinal 

Chemistry, 16(24), 3152–3167. https://doi.org/10.2174/092986709788803024  

Etanercept plus Standard Therapy for Wegener’s Granulomatosis. (2005). New 

England Journal of Medicine, 352(4), 351–361. 

https://doi.org/10.1056/NEJMoa041884  

Fragoulis, G. E., Nikiphorou, E., Dey, M., Zhao, S. S., Courvoisier, D. S., Arnaud, L., 

Atzeni, F., Behrens, G. M., Bijlsma, J. W., Böhm, P., Constantinou, C. A., Garcia-Diaz, 

S., Kapetanovic, M. C., Lauper, K., Luís, M., Morel, J., Nagy, G., Polverino, E., Van 

Rompay, J., … Hyrich, K. L. (2023). 2022 EULAR recommendations for screening and 

prophylaxis of chronic and opportunistic infections in adults with autoimmune 

inflammatory rheumatic diseases. Annals of the Rheumatic Diseases, 82(6), 742–753. 

https://doi.org/10.1136/ard-2022-223335  

Hasan, B., Tandon, K. S., Miret, R., Khan, S., Riaz, A., Gonzalez, A., Rahman, A. U., 

Charles, R., Narula, N., & Castro, F. J. (2022). Ustekinumab does not increase risk of 

new or recurrent cancer in inflammatory bowel disease patients with prior malignancy. 

Journal of Gastroenterology and Hepatology, 37(6), 1016–1021. 

https://doi.org/10.1111/jgh.15806  

Hauser, S. L., Kappos, L., Montalban, X., Craveiro, L., Chognot, C., Hughes, R., 

Koendgen, H., Pasquarelli, N., Pradhan, A., Prajapati, K., & Wolinsky, J. S. (2021). 

Safety of Ocrelizumab in Patients With Relapsing and Primary Progressive Multiple 

Sclerosis. Neurology, 97(16). https://doi.org/10.1212/WNL.0000000000012700  

Hellgren, K., Ballegaard, C., Delcoigne, B., Cordtz, R., Nordström, D., Aaltonen, K., 

Gudbjornsson, B., Love, T. J., Aarrestad Provan, S., Sexton, J., Zobbe, K., Kristensen, 

L. E., Askling, J., & Dreyer, L. (2021). Risk of solid cancers overall and by subtypes in 

patients with psoriatic arthritis treated with TNF inhibitors – a Nordic cohort study. 

Rheumatology, 60(8), 3656–3668. https://doi.org/10.1093/rheumatology/keaa828  

Horiuchi, T., Mitoma, H., Harashima, S. -i., Tsukamoto, H., & Shimoda, T. (2010). 

Transmembrane TNF-: Structure, function and interaction with anti-TNF agents. 

Rheumatology, 49(7), 1215–1228. https://doi.org/10.1093/rheumatology/keq031  

https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt


Iannone, F., Cantini, F., & Lapadula, G. (2014). Diagnosis of Latent Tuberculosis and 

Prevention of Reactivation in Rheumatic Patients Receiving Biologic Therapy: 

International Recommendations. The Journal of Rheumatology Supplement, 91(0), 41–

46. https://doi.org/10.3899/jrheum.140101  

Imam, A. A. (2024). Anti-TNF Alpha and Risk of Lymphoma in Rheumatoid Arthritis: 

A Systematic Review and Meta-Analysis. Medicina, 60(7), 1156. 

https://doi.org/10.3390/medicina60071156  

Iwakura, Y. (2006). The IL-23/IL-17 axis in inflammation. Journal of Clinical 

Investigation, 116(5), 1218–1222. https://doi.org/10.1172/JCI28508  

Kalliolias, G. D., Basdra, E. K., & Papavassiliou, A. G. (2023). Solid Cancers and 

Rheumatoid Arthritis. Cancers, 15(22), 5441. 

https://doi.org/10.3390/cancers15225441  

Koker, O., Sahin, S., Adrovic, A., Yildiz, M., Barut, K., Gulle, B., Eker Omeroglu, R., 

& Kasapcopur, O. (2020). A controversial topic in juvenile idiopathic arthritis: 

Association between biologic agents and malignancy. International Journal of 

Rheumatic Diseases, 23(9), 1210–1218. https://doi.org/10.1111/1756-185X.13906  

Kotlyar, D. S., Osterman, M. T., Diamond, R. H., Porter, D., Blonski, W. C., Wasik, 

M., Sampat, S., Mendizabal, M., Lin, M. V., & Lichtenstein, G. R. (2011). A systematic 

review of factors that contribute to hepatosplenic T-cell lymphoma in patients with 

inflammatory bowel disease. Clinical Gastroenterology and Hepatology: The Official 

Clinical Practice Journal of the American Gastroenterological Association, 9(1), 36-

41.e1. https://doi.org/10.1016/j.cgh.2010.09.016  

Lemaitre, M., Kirchgesner, J., Rudnichi, A., Carrat, F., Zureik, M., Carbonnel, F., & 

Dray-Spira, R. (2017). Association Between Use of Thiopurines or Tumor Necrosis 

Factor Antagonists Alone or in Combination and Risk of Lymphoma in Patients With 

Inflammatory Bowel Disease. JAMA, 318(17), 1679–1686. 

https://doi.org/10.1001/jama.2017.16071  

https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt


Leone, G. M., Mangano, K., Petralia, M. C., Nicoletti, F., & Fagone, P. (2023). Past, 

Present and (Foreseeable) Future of Biological Anti-TNF Alpha Therapy. Journal of 

Clinical Medicine, 12(4), 1630. https://doi.org/10.3390/jcm12041630  

Mantovani, A., Allavena, P., Sica, A., & Balkwill, F. (2008). Cancer-related 

inflammation. Nature, 454(7203), 436–444. https://doi.org/10.1038/nature07205  

Melamed, E., & Lee, M. W. (2020). Multiple Sclerosis and Cancer: The Ying-Yang 

Effect of Disease Modifying Therapies. Frontiers in Immunology, 10, 2954. 

https://doi.org/10.3389/fimmu.2019.02954  

Mercer, L. K., Lunt, M., Low, A. L. S., Dixon, W. G., Watson, K. D., Symmons, D. P. 

M., Hyrich, K. L., Maiden, N., Price, T., Hopkinson, N., O’Reilly, S., Hordon, L., 

Griffiths, I., Porter, D., Madhok, R., Hassell, A., Cooper, R. G., Choy, E., Walsh, D., 

… Klimiuk, P. (2015). Risk of solid cancer in patients exposed to anti-tumour necrosis 

factor therapy: Results from the British Society for Rheumatology Biologics Register 

for Rheumatoid Arthritis. Annals of the Rheumatic Diseases, 74(6), 1087–1093. 

https://doi.org/10.1136/annrheumdis-2013-204851  

Mingyue-Chen, null, Wu, M., Yanhui-Xie, null, & Shen, L. (2024). Clinical and 

splenectomy-based treatment outcomes in 40 cases of hepatosplenic T-cell lymphoma: 

A comprehensive analysis. World Journal of Surgical Oncology, 22(1), 330. 

https://doi.org/10.1186/s12957-024-03613-0  

Nordstrom, B. L., Mines, D., Gu, Y., Mercaldi, C., Aquino, P., & Harrison, M. J. 

(2012). Risk of malignancy in children with juvenile idiopathic arthritis not treated with 

biologic agents. Arthritis Care & Research, 64(9), 1357–1364. 

https://doi.org/10.1002/acr.21709  

Peleva, E., Exton, L. S., Kelley, K., Kleyn, C. E., Mason, K. J., & Smith, C. H. (2018). 

Risk of cancer in patients with psoriasis on biological therapies: A systematic review. 

British Journal of Dermatology, 178(1), 103–113. https://doi.org/10.1111/bjd.15830  

Phillips, J. (2020). Mounting evidence that anti-tumour necrosis factor-α therapy does 

not increase the risk of new or recurrent cancer. Digestive Medicine Research, 3, 106–

106. https://doi.org/10.21037/dmr-20-36  

https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt


Piovani, D., Danese, S., Peyrin-Biroulet, L., Nikolopoulos, G. K., Lytras, T., & 

Bonovas, S. (2019). Environmental Risk Factors for Inflammatory Bowel Diseases: An 

Umbrella Review of Meta-analyses. Gastroenterology, 157(3), 647-659.e4. 

https://doi.org/10.1053/j.gastro.2019.04.016  

Poullenot, F., & Laharie, D. (2023). Management of Inflammatory Bowel Disease in 

Patients with Current or Past Malignancy. Cancers, 15(4), 1083. 

https://doi.org/10.3390/cancers15041083  

Russell, M. D., Stovin, C., Alveyn, E., Adeyemi, O., Chan, C. K. D., Patel, V., Adas, 

M. A., Atzeni, F., Ng, K. K. H., Rutherford, A. I., Norton, S., Cope, A. P., & Galloway, 

J. B. (2023). JAK inhibitors and the risk of malignancy: A meta-analysis across disease 

indications. Annals of the Rheumatic Diseases, 82(8), 1059–1067. 

https://doi.org/10.1136/ard-2023-224049  

Schwartz, L. F., Devine, K. J., & Xavier, A. C. (2025). Hepatosplenic T-cell lymphoma 

in children and adolescents. Blood Advances, 9(8), 1847–1858. 

https://doi.org/10.1182/bloodadvances.2025015857  

Scott, F. I., Mamtani, R., Brensinger, C. M., Haynes, K., Chiesa-Fuxench, Z. C., Zhang, 

J., Chen, L., Xie, F., Yun, H., Osterman, M. T., Beukelman, T., Margolis, D. J., Curtis, 

J. R., & Lewis, J. D. (2016). Risk of Nonmelanoma Skin Cancer Associated With the 

Use of Immunosuppressant and Biologic Agents in Patients With a History of 

Autoimmune Disease and Nonmelanoma Skin Cancer. JAMA Dermatology, 152(2), 

164. https://doi.org/10.1001/jamadermatol.2015.3029  

Shah, E. D., Coburn, E. S., Nayyar, A., Lee, K. J., Koliani‐Pace, J. L., & Siegel, C. A. 

(2020). Systematic review: Hepatosplenic T‐cell lymphoma on biologic therapy for 

inflammatory bowel disease, including data from the Food and Drug Administration 

Adverse Event Reporting System. Alimentary Pharmacology & Therapeutics, 51(5), 

527–533. https://doi.org/10.1111/apt.15637  

Singh, B., Grover, P., & Kaur, G. (2026). SYSTEMATIC REVIEW OF 

MALIGNANCY RISK WITH BIOLOGIC THERAPY FOR INFLAMMATORY 

BOWEL DISEASE. Inflammatory Bowel Diseases, 32(Supplement_1), izag006.157. 

https://doi.org/10.1093/ibd/izag006.157  

https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt


Singh, J. A., Hossain, A., Mudano, A. S., Tanjong Ghogomu, E., Suarez-Almazor, M. 

E., Buchbinder, R., Maxwell, L. J., Tugwell, P., & Wells, G. A. (2017). Biologics or 

tofacitinib for people with rheumatoid arthritis naive to methotrexate: A systematic 

review and network meta-analysis. Cochrane Database of Systematic Reviews, 

2017(5). https://doi.org/10.1002/14651858.CD012657  

Strober, B., Leonardi, C., Papp, K. A., Mrowietz, U., Ohtsuki, M., Bissonnette, R., 

Ferris, L. K., Paul, C., Lebwohl, M., Braun, D. K., Mallbris, L., Wilhelm, S., Xu, W., 

Ljungberg, A., Acharya, N., & Reich, K. (2017). Short- and long-term safety outcomes 

with ixekizumab from 7 clinical trials in psoriasis: Etanercept comparisons and 

integrated data. Journal of the American Academy of Dermatology, 76(3), 432-440.e17. 

https://doi.org/10.1016/j.jaad.2016.09.026  

Szabo, S. J., Kim, S. T., Costa, G. L., Zhang, X., Fathman, C. G., & Glimcher, L. H. 

(2000). A Novel Transcription Factor, T-bet, Directs Th1 Lineage Commitment. Cell, 

100(6), 655–669. https://doi.org/10.1016/S0092-8674(00)80702-3  

Takamura, S., Saito, S., Sugai, S., Shiko, Y., Yamaguchi, T., Kawasaki, Y., & Fukuda, 

T. (2025). Biologic Therapy and Malignancy Risk in Psoriasis: A Retrospective Cohort 

Study. The Journal of Dermatology, 52(12), 1796–1802. https://doi.org/10.1111/1346-

8138.17950  

Teng, M. W. L., Von Scheidt, B., Duret, H., Towne, J. E., & Smyth, M. J. (2011). Anti-

IL-23 Monoclonal Antibody Synergizes in Combination with Targeted Therapies or IL-

2 to Suppress Tumor Growth and Metastases. Cancer Research, 71(6), 2077–2086. 

https://doi.org/10.1158/0008-5472.CAN-10-3994  

Veldhoen, M. (2017). Interleukin 17 is a chief orchestrator of immunity. Nature 

Immunology, 18(6), 612–621. https://doi.org/10.1038/ni.3742  

Wolfe, F., & Michaud, K. (2007). Biologic treatment of rheumatoid arthritis and the 

risk of malignancy: Analyses from a large US observational study. Arthritis & 

Rheumatism, 56(9), 2886–2895. https://doi.org/10.1002/art.22864  

Woyach, J. A., Lin, T. S., Lucas, M. S., Heerema, N., Moran, M. E., Cheney, C., Lucas, 

D. M., Wei, L., Caligiuri, M. A., & Byrd, J. C. (2009). A phase I/II study of rituximab 

https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt


and etanercept in patients with chronic lymphocytic leukemia and small lymphocytic 

lymphoma. Leukemia, 23(5), 912–918. https://doi.org/10.1038/leu.2008.385  

Yang, F.-Y., Liu, Y.-C., Wu, M.-Y., Wu, Y.-C., & Hung, C.-H. (2026). Comparison of 

cancer risks associated with JAK inhibitors and TNF inhibitors treatment in patients 

with rheumatoid arthritis: A systematic review and meta-analysis of real-world cohort 

studies. Inflammation Research, 75(1), 15. https://doi.org/10.1007/s00011-025-02170-

w  

Zimmer, A., & Horneff, G. (2025). An update on the safety of biologic therapies for the 

treatment of polyarticular juvenile idiopathic arthritis. Expert Opinion on Drug Safety, 

24(6), 627–642. https://doi.org/10.1080/14740338.2025.2467179  

 

 

 

https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt
https://www.zotero.org/google-docs/?96WCMt

