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Background

The relationship between atopic dermatitis (AD) and lymphoma risk remains debate. This study systematically evaluates lymphoma risk in AD patients compared to non-AD individuals.





Methods

A systematic search of PubMed, Embase, and the Cochrane Library (up to August 11, 2024) identified observational studies reporting lymphoma risk estimates for AD patients. Pooled odds ratios (OR) or relative risks (RR) with 95% CIs were calculated using a random-effects model (PROSPERO ID: CRD42024577019).





Results

Of 2,366 articles were screened, 13 studies met the inclusion criteria. AD was significantly associated with elevated lymphoma risk (OR = 2.56, 95% CI: 1.75–3.74, P < 0.001; RR = 1.23, 95% CI: 1.15–1.31, P < 0.001). The risk increased with AD severity, with severe cases showing the highest effect size (RR = 2.63; 95% CI: 1.94–3.58, P < 0.001; OR = 2.60; 95% CI: 1.71–3.96, P < 0.001). Subgroup analyses revealed high risks for Hodgkin lymphoma (HL) (RR = 1.54, 95% CI: 1.35–1.75, P < 0.001) and non-Hodgkin lymphoma (RR = 1.15, 95% CI: 1.04–1.28, P = 0.006). Notably, T-cell lymphoma (TCL) showed the highest risk (OR = 4.25; 95% CI: 1.94–9.33, P < 0.001). whereas no significant association was observed for B-cell lymphoma (OR = 1.07; 95% CI: 0.95–1.20, P = 0.271).





Conclusion

AD is significantly association with increased lymphoma risk, particularly HL, NHL and TCL. AD severity may amplify this risk. Future research is warranted to explore underlying mechanisms and address limitations in the current evidence.





Systematic review registration

https://www.crd.york.ac.uk/PROSPERO/, identifier CRD42024577019.
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1 Introduction

Atopic dermatitis (AD) is a prevalent chronic inflammatory skin disease with rising global incidence, affecting approximately 15–20% of children and 10% of adults. Recognized as the most burdensome non-fatal dermatological condition worldwide, AD significantly contributes to the global disease burden (1–5). Patients with AD often endure severe pruritus and recurrent eczema, leading to insomnia and psychological comorbidities such as depression and anxiety, which markedly diminish their quality of life and that of their families (6–9). The pathogenesis of AD involves a complex interplay between genetic and environmental factors, with persistent immune activation, skin barrier dysfunction, and microbiome dysbiosis identified as key mechanisms (1, 2, 10, 11). These interconnected processes can drive systemic chronic inflammation and immune dysregulation. Furthermore, therapies such as dupilumab and immunosuppressive agents, including topical corticosteroids (TCSs) and calcineurin inhibitors (TCIs), have been associated with an increased risk of malignancies, particularly lymphomas (12–14).

Lymphoma, a heterogeneous group of malignancies originating in the lymphatic system, is characterized by significant etiological diversity. Common risk factors include immune system abnormalities, viral infections, air pollution, and occupational exposures, with immune dysfunction playing a central role in lymphoma pathogenesis (15, 16). As a prototypical chronic immune-stimulating condition, AD is associated with persistent immune activation (17). Studies have reported a heightened risk of lymphoma in AD patients, particularly those with severe disease or prolonged use of high-potency corticosteroids. Additionally, some research has proposed a potential link between childhood AD and the subsequent development of non-Hodgkin lymphoma (NHL) (18–23). However, the evidence remains inconsistent. While some studies suggest that the hyperactive immune state in AD may enhance immunosurveillance, potentially reducing cancer incidence (12, 24), others have failed to establish a definitive causal relationship between AD and lymphoma or other malignancies (25). Further complicating this relationship is the significant clinical overlap between AD and cutaneous T-cell lymphoma (CTCL), which poses diagnostic challenges and risks of misclassification (26, 27). Given these discrepancies and the substantial global burden of AD, this study aims to systematically evaluate the association between AD and lymphoma risk through a systematic review and meta-analysis of observational studies.




2 Methods

This systematic review and meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (PROSPERO ID: CRD42024577019) (28). Ethical approval was not required, as the study exclusively utilized data from previously published sources.



2.1 Data sources and searches

A comprehensive search was conducted in PubMed, EMBASE, and The Cochrane Library for articles published from inception to August 11, 2024. Only studies published in English were included. To ensure thorough identification of relevant studies, a combination of MeSH terms and free-text keywords was employed. Key search terms included “dermatitis, atopic,” “atopic dermatitis,” “eczema,” “lymphoma,” “lymphoproliferative neoplasm,” and “chronic lymphatic leukemia.” Reference lists of included studies were also screened for additional relevant articles. No restrictions were imposed on population, ethnicity, geographic region, age, or study period. The detailed search strategy is provided in Supplementary Appendix 1.




2.2 Study selection

Two reviewers (LS and Y-j T) independently screened titles and abstracts to identify potentially eligible studies. Full-text articles passing the initial screening were further evaluated for eligibility. Reasons for exclusion were systematically recorded. Discrepancies during the screening or data extraction process were resolved by consensus with a third reviewer (JW). All reviewers underwent standardized training to ensure consistency before initiating the formal review. Inclusion criteria were as follows: 1) Studies including at least one group of patients with AD; 2) A comparison group consisting of non-AD individuals or the general population; 3) Investigation of lymphoma incidence rates. Exclusion criteria were as follows: 1) Studies lacking sufficient data for analysis; 2) Duplicate studies based on the same patient population; only the most recent publication was retained.




2.3 Data extraction and quality assessment

Data extracted from eligible studies included: first author, publication year, country, study period, age, sample size, lymphoma classification, and effect estimates (e.g., odds ratios [ORs] and relative risks [RRs]). Study quality was assessed using the Newcastle-Ottawa Scale (NOS), a validated tool for evaluating the risk of bias in cohort and case-control studies. The NOS evaluates three domains: selection of study groups (maximum 4 points), comparability (maximum 2 points), and outcome or exposure assessment (maximum 3 points). Total scores ranged from 0 to 9, with scores ≥8 considered high quality, 5–7 moderate quality, and <5 low quality (29, 30). Data extraction and quality assessment were independently performed by two reviewers (LS and Y-j T), with discrepancies resolved through discussion with a third reviewer (JW). Detailed scoring results are presented in Table 1.


Table 1 | Baseline characteristics of the included studies.






2.4 Statistical analysis

Risk estimates were expressed as RRs or ORs with 95% CIs, with hazard ratios (HRs) considered equivalent to RRs (31). For studies reporting stratified results, a fixed-effect meta-analysis was applied to derive overall risk estimates (32). To account for potential clinical heterogeneity and enhance robustness, the DerSimonian-Laird random-effects model was used for meta-analysis (33). Heterogeneity among studies was assessed using Cochran’s Q test and the I² statistic, with I² ≥50% indicating moderate to substantial heterogeneity. Sensitivity analyses were conducted sequentially excluding individual studies to evaluate result robustness. Subgroup analyses were performed based on lymphoma classification and AD severity. For datasets with more than 10 studies, publication bias was evaluated visually using funnel plots and quantitatively using Begg’s and Egger’s tests (33). All statistical analyses were performed using Stata version 17.0, with P < 0.05 considered statistically significant.





3 Results



3.1 Search results

A total of 2,344 references were identified through database searches, supplemented by 22 additional references from citation reviews. After screening titles and abstracts and removing duplicates, 2,310 articles were excluded. The full texts of 56 articles were assessed for eligibility, and 13 studies ultimately met the inclusion criteria (18, 19, 34–44). The detailed literature selection process is depicted in Figure 1 and elaborated in Supplementary Appendix 2.




Figure 1 | Flow diagram for the study selection process.






3.2 Study characteristics and quality assessment

The characteristics of the included studies are summarized in Table 1. This systematic review and meta-analysis incorporated nine case-control studies (18, 34–37, 39, 41, 43, 44) and four cohort studies (19, 38, 40, 42). The case-control studies involved 71,143 participants, conducted across the United States (five studies) (18, 34, 36, 37, 39), the United Kingdom (one study) (35), and Europe(two studies) (41, 43). Study periods ranged from 1992 to 2024, with participants’ mean age spanning 30 to 78 years, most averaging around 50 years. One study exclusively included participants aged 65 years or older (36). Lymphoma subtypes varied across studies: two studies examined both HL and NHL (34, 35); one focused solely on NHL (36); one investigated B-cell lymphomas(BCL) and non-cutaneous T-cell lymphomas(NCTCL) (18); four examined mycosis fungoides(MF) exclusively (37, 39, 41, 44); and one did not specify lymphoma subtypes (43).

The four cohort studies included six cohorts with a combined total of 2,862,886 participants from the United Kingdom (three cohorts) (19, 40), Denmark (one cohort) (40), South Korea (one cohort) (38), and a multinational retrospective cohort study covering the United Kingdom, Europe, Latin America, and the Asia-Pacific region (42). Study periods spanned from 1982 to 2023, with participants ages 4 to 50 years. Two cohort studies focused exclusively on adults (19, 40), while one included only children (19). Among these, four studies reported both HL and NHL (19, 40); one exclusively studied on CTCL (42); and one examined only T-cell lymphomas(TCL) (38). Study quality, assessed using the Newcastle-Ottawa Scale (NOS), indicated high average scores: cohort studies averaged 8.3 (range: 8–9), and case-control studies averaged 7.1 (range: 6–8). Detailed NOS evaluations are presented in Table 1.




3.3 Risk of lymphoma

In case-control studies, the meta-analysis revealed a significant association between AD and lymphoma, with a pooled OR of 2.56 (95% CI: 1.75–3.74, P < 0.001). Substantial heterogeneity was noted (I² = 95.4%, P < 0.001) (Figure 2). Sensitivity analyses confirmed the robustness of these findings, as the exclusion individual studies did not significantly alter the results (Figure 3). In cohort studies, AD was also significantly associated with an increased risk of lymphoma, with a pooled RR of 1.23 (95% CI: 1.15–1.31, P < 0.001). Heterogeneity was low and not statistically significant (I² = 24.9%, P = 0.255) (Figure 4). Sensitivity analyses supported the stability of these results, with no material impact observed when individual studies were excluded (Figure 5).




Figure 2 | Forest plot for meta-analysis on the association between atopic dermatitis and lymphoma risk in case-control studies (odds ratios). CI, confidence interval; DL, DerSimonian-Laird estimate; I2, inconsistency.






Figure 3 | Sensitivity analysis of the association between atopic dermatitis and lymphoma risk in case-control studies. CI, confidence interval.






Figure 4 | Forest plot for meta-analysis on the association between atopic dermatitis and lymphoma risk in cohort studies (relative risks). CI, confidence interval; DL, DerSimonian-Laird estimate; I2, inconsistency.






Figure 5 | Sensitivity analysis of the association between atopic dermatitis and lymphoma risk in cohort-control studies. CI, confidence interval.






3.4 Subgroup analysis according to AD severity

For mild AD, the pooled RR was 1.09 (95% CI: 1.02–1.16, P = 0.012; I² = 0%, P = 0.422). For moderate AD, the pooled RR increased to 1.29 (95% CI: 1.21–1.39, P < 0.001; I² = 0%, P = 0.484). Severe AD showed a markedly higher lymphoma risk, with a pooled RR of 2.63 (95% CI: 1.94–3.58, P < 0.001; I² = 64.2%, P = 0.061) (Supplementary Figure 1). Case-control studies similarly identified significant associations between severe AD and lymphoma risk, yielding a pooled OR of 2.60 (95% CI: 1.71–3.96, P < 0.001). No significant heterogeneity was observed (I² = 0%, P = 0.427) (Supplementary Figure 2). These findings indicate a positive correlation between AD severity and lymphoma risk, with severe AD presenting the largest effect size.




3.5 Subgroup analysis according to lymphoma classification

Lymphomas, a diverse group of malignancies, are broadly categorized into HL and NHL based on the presence of Reed-Sternberg cells. Subgroup analysis revealed significant associations between AD and risks of both HL and NHL. The pooled RR for HL was 1.54 (95% CI: 1.35–1.75, P < 0.001, I² = 0%, P = 0.822), while for NHL, the pooled RR was 1.15 (95% CI: 1.04–1.28, P = 0.006, I² = 44.2%, P = 0.127) (Supplementary Figure 3).

When lymphomas were further classified by cell origin into B-cell and T-cell subtypes, no significant association was observed between AD and BCL, the pooled OR was 1.07 (95% CI: 0.95–1.20, P = 0.271); no evidence of heterogeneity (I² = 0%, P=0.532). In contrast, a strong association was observed between AD and TCL, the pooled OR was 4.25 (95% CI: 1.94–9.33, P<0.001), although substantial heterogeneity was noted (I² = 96.4%, P<0.001) (Supplementary Figure 4). These results suggest that the risk of lymphoma associated with AD varies by subtype, with TCL exhibiting the strongest association.




3.6 Publication bias

Among 10 case-control studies, publication bias was assessed using funnel plots (Figure 6), Egger’s test, and Begg’s test. While the funnel plot showed slight asymmetry, neither Egger’s test (P = 0.063) (Supplementary Figure 5) nor Begg’s test (P = 0.152) (Supplementary Figure 6) indicated significant publication bias.




Figure 6 | The funnel plots of the association of atopic dermatitis and lymphoma risk.







4 Discussion

Our findings demonstrate a statistically significant association between AD and increased risk of lymphoma. Particularly for HL, NHL, and TCL. Additionally, lymphoma risk was positively correlated with AD severity, with severe AD exhibiting the highest effect size.

The potential link between AD and lymphoma risk was first reported in 1989, when a case report described the progression of AD in a pediatric patient to fatal CTCL (45). Our subgroup analysis further highlights the significant association between AD and an elevated risk of TCL. This finding may partially stem from the clinical overlap between MF, the most common subtype of CTCL, and AD, which often complicates diagnosis and increases the likelihood of misclassification. MF accounts for approximately half of all CTCL cases, emphasizing the need for heightened clinical vigilance (46–49). Notably, a case-control study that explicitly excluded CTCL still observed an elevated risk of TCL in AD patients (18), suggesting that this association cannot be solely attributed to diagnostic misclassification. Lymphomas are a heterogeneous group of malignancies typically categorized as HL or NHL, or by cell origin as TCL or BCL (50–52). Our analysis identified significant associations between AD and increased risks of HL, NHL, and TCL. However, no significant association was found between AD and BCL, potentially due to the limited number of studies (only two) investigating BCL. Further research is required to clarify this relationship (53, 54).

A previous meta-analysis conducted by Laureline Legendre et al. (2015) reviewed 22 studies, including cohort and case-control designs, to evaluate the association between AD and lymphoma risk (55). Their analysis found an increased lymphoma risk in cohort studies but no significant association in case-control studies. In contrast, our meta-analysis demonstrated elevated lymphoma risks in both study types. This discrepancy may arise from our stricter inclusion criteria, which excluded patients with eczema. While eczema and AD share clinical features, AD is a distinct clinical entity with unique characteristics (56). By focusing exclusively on AD, our analysis provides a more precise framework for exploring its association with lymphoma risk. Additionally, subtype-specific analyses in our study offer novel insights into the heterogeneity of lymphoma risk in AD populations.

Several plausible mechanisms may explain the observed association between AD and lymphoma risk. One leading hypothesis is the antigen stimulation theory, which posits that chronic immune activation in inflammatory diseases, such as AD, can drive oncogenesis. Persistent immune stimulation may result in heightened immune cell proliferation, increasing the likelihood of random oncogenic mutations and ultimately contributing to lymphoma development (20, 57, 58).

Additionally, skin barrier dysfunction, a hallmark of AD, could further amplify lymphoma risk. Mutations in the filaggrin gene (FLG) compromise skin barrier integrity, leading to increased transepidermal water loss, microbial dysbiosis, and colonization by Staphylococcus aureus (S. aureus) (1, 2, 10, 59–61). This bacterium produces enterotoxins that activate STAT3 signaling in malignant T cells, promoting immune dysregulation and malignant cell survival. Mouse models have demonstrated that bacterial triggers can exacerbate disease progression in genetically susceptible backgrounds of CTCL (62–64). Moreover, skin barrier disruption heightens susceptibility to antigens and pathogens, potentially compounding the risk of immune dysregulation and lymphoma (57, 59).

Thirdly, a shared signaling pathway may underlie the observed association between AD and lymphoma risk. The positive correlation between AD severity and lymphoma risk observed in our findings suggests that heightened immune activation and the use of high-potency immunosuppressants may play a crucial role. Functional germline mutations in STAT6, implicated in severe allergic conditions such as primary atopic diseases (PAD), have been identified as key drivers of this association (65–68). STAT6 mutations, frequently detected in follicular lymphoma and other BCLs, point to a potential overlap in the IL-4/JAK/STAT6 signaling pathway involved in both AD and lymphoma pathogenesis (69–71). Aberrant activation of STAT6 may predispose individuals with severe AD to lymphoma by promoting a pro-oncogenic immune environment. Further exploration of this pathway is essential to uncover potential therapeutic targets that could mitigate lymphoma risk in AD patients.

Fourthly, the use of immunosuppressants may also contribute to the increased lymphoma risk. Topical immunomodulatory agents, such as topical corticosteroids (TCSs) and calcineurin inhibitors (TCIs), are fundamental to effective disease management (72, 73). However, prolonged and systemic use of these agents has been associated with an increased lymphoma risk, possibly through mechanisms like Epstein-Barr virus (EBV) reactivation (20, 55). High-potency TCS and TCI use, particularly in combination, have been linked to this heightened risk (35, 55). Moreover, the chronic nature of AD necessitates long-term follow-up, which may inadvertently lead to increased detection of CTCL, contributing to the observed association between AD and lymphoma.

There are several limitations to consider. First, although Egger’s test and Begg’s test did not show significant publication bias, focusing on peer-reviewed literature meant that grey literature was excluded. Therefore, potential publication bias could not be completely excluded. Second, although some studies suggest variations in the association between AD and lymphoma risk among different ethnic groups (15, 74, 75), the lack of available data prevented the study from conducting stratified analyses based on ethnicity or geographic region. Future research should prioritize robust stratification to uncover population-specific nuances in this association. Third, the use of topical immunomodulatory agents, such as topical corticosteroids (TCSs) and calcineurin inhibitors (TCIs), may influence the association between AD and lymphoma risk. In our study, only three referenced studies reported on treatment scenarios (34, 35, 44). In addition, there may be an age difference in the risk of developing lymphoma in patients with AD. Furthermore, there may also be a genetic predisposition in NHL, and individuals with a family history of NHL are at a higher risk of developing lymphoma (15, 76). However, the limited data included in the study prevented stratified analyses of these factors. Future research should prioritize well-designed observational studies that address these gaps, incorporate robust stratification by age and genetic predisposition, and explore the specific impact of AD treatments on lymphoma risk. Such efforts are critical to validating and refining our understanding of the mechanisms underlying this association and uncovering population-specific nuances.




5 Conclusions

Our findings reveal a significant association between AD and increased risks of both HL and NHL, with the strongest correlation observed for TCL. Furthermore, lymphoma risk appears to be positively correlated with AD severity, as patients with severe AD exhibit the highest effect size. These results underscore the importance of implementing early prevention strategies and ensuring vigilant lymphoma surveillance, particularly for individuals with severe AD. However, the limitations of this study highlight the need for future research to address key confounding factors and examine lymphoma risk across different subtypes. Such efforts are crucial to deepening our understanding of the mechanisms linking AD and lymphoma, thereby validating and expanding upon the current findings.
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