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Correlation between allergy and
cancer: a systematic review and
meta-analysis

Shushu Guo%5, Xiaoyu Fan%°, Wanfang Li%>*, Jie Bao%*, Enlong Ma'* & Hongtao Jin%3*>*

The relationship between allergies and cancer has been a topic of debate for decades. This study
conducted a systematic review and meta-analysis of 53 studies to evaluate the association between
allergies and cancers. Case—control and cohort studies were analyzed, focusing on cancer incidence.
The results showed significant negative correlations between allergies and cancers such as colorectal
cancer, lymphoma, pancreatic cancer, leukemia, and brain cancers. For colorectal cancer, the pooled
odds ratio (OR) for any allergy was 0.77 (95% Cl 0.67-0.87). Asthma was associated with a reduced
risk of lymphoma (OR 0.81, 95% Cl 0.70-0.94) and gynecological cancers (OR 0.72, 95% CI 0.53-0.97).
For Pancreatic cancer, any allergy was associated with an OR of 0.68 (95% Cl 0.59-0.77). Hay fever
showed a strong inverse association with brain cancer risk (OR 0.66, 95% Cl 0.58-0.76). However,
atopic allergy was positively linked to an increased risk of lymphoma (OR 2.02, 95%Cl 1.10-3.70). The
study highlighted significant variations in the effects of different allergy types on cancer risks. These
findings suggest that allergies may act as protective factors against certain cancers, while atopic
allergy may increase the risk of certain cancers. However, the certainty of evidence, assessed using the
GRADE framework, was low to very low, and results should be interpreted with caution. In particular,
associations for lung cancer, leukemia, and gastrointestinal cancers were supported by very low-
certainty evidence, primarily due to reliance on observational designs, heterogeneity among studies.
These findings underscore the complex and heterogeneous relationship between allergies and cancer,
and highlight the need for further high-quality research to elucidate the underlying mechanisms and
assess clinical implications.
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Allergies and cancer are increasingly prevalent health challenges in both developing and developed countries'.
Allergies are caused by the hypersensitivity reaction of the immune system to normally harmless substances in
the environment, including hay fever, food allergies, atopic dermatitis, allergic asthma, and anaphylactic shock?.
Cancer is one of the leading causes of death worldwide, and according to the latest estimates by the International
Agency for Research on Cancer (IARC), there will be 20 million new cases and 9.7 million deaths worldwide in
2022. This disease with high morbidity and mortality has placed a heavy burden on all countries®.

Although allergies and cancers appear to be distinctly different diseases, both are profoundly influenced by
the regulatory status of the immune system. As research advances, it has become clear that the immune system
plays a pivotal role in the onset and progression of numerous diseases®. Beyond its role as a defense against foreign
pathogens, the balance (or imbalance) of the immune system has a profound impact on all aspects of human
health®. During an allergic reaction, the immune system mistakenly identifies a harmless allergen as a threat,
activating its defense mechanisms. This triggers mast cells and basophils to release large amounts of inflammatory
mediators, such as histamines and leukotrienes. These mediators cause a range of allergic symptoms, including
skin itching and airway constriction, and in severe cases, can even lead to anaphylactic shock®’. In summary,
allergies stem from immune imbalance, which puts the body into a state of “hyper-defense’, leading to excessive
inflammation and self-damage. In contrast, a hallmark of tumor development is the immune system’s inability
to recognize and eliminate abnormal cells®. Under normal conditions, immune surveillance can detect and clear
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early tumor cells, inhibiting their growth and spread®. However, certain tumor cells possess immune evasion
mechanisms, allowing them to escape immune detection by expressing immunosuppressive factors (such as PD-
L1 and TGEF-B) or altering the tumor microenvironment to suppress T-cell activity!®!!. These immune evasion
strategies are central to current cancer immunotherapy research, which aims to restore immune suppression in
tumors by enhancing anti-tumor immune responses'2.

Despite growing interest in the immunological interactions between allergic diseases and cancer, existing
meta-analyses remain limited in scope, often concentrating on specific allergic phenotypes or single cancer
types, and lacking a unified analytical framework. To address these limitations, the present study systematically
evaluates the associations between various allergic conditions and multiple cancer outcomes, with the aim of
determining whether a history of allergic disease is associated with an increased or decreased risk of specific
cancers. This provides a comprehensive and up-to-date assessment to enhance our existing understanding of the
relationship between allergies and cancer.

Methods
This Systematic review and meta-analysis followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guideline!>. The study protocol was registered with PROSPERO (CRD42024602718).

Literature search strategy

The research included searches in databases such as PubMed, Google Scholar, and ScienceDirect. The search
covered studies published before November 2024. The search strategy was described in detail in Supplementary
Table 1. With a primary focus on the Last 20 years. Older studies were included only if they were deemed
particularly relevant. The following restrictions applied:

1) Language: Only studies published in English were considered.

2) Publication Date: The focus was on studies published in the Last 20 years.

3) Study Types: Only peer-reviewed studies and clinical trials were included. Unpublished studies or non-peer-
reviewed sources, such as conference abstracts, were not be considered unless particularly significant.

Inclusion and exclusion criteria

This systematic review aimed to evaluate the available research evidence on the relationship between cancer and
allergy to reveal the common mechanisms of the two in immune regulation, to evaluate the impact of allergies
on cancer comprehensively, and then provide new insight for future treatment directions of cancer. The inclusion
and exclusion criteria were outlined as follows.

Inclusion criteria

1) Diagnosis of Cancer: Participants had a confirmed diagnosis of cancer, regardless of cancer type or stage,
classified according to standard clinical criteria (e.g., ICD codes).

2) History of Allergic Conditions: Participants had a documented history of at least one allergic condition,
which may include allergic rhinitis, asthma, eczema, atopic dermatitis, food allergies, or other allergies.

3) Study Design: The systematic review focused on observational studies, specifically cohort studies and case-
control studies, to examine the relationship between allergies and cancer outcomes.

4) Geographic Location: Participants from any geographic location were eligible, provided they met the other
inclusion criteria.

Exclusion criteria

1) Acute Allergic Reactions Related to Oncology Treatment: Patients who experienced acute allergic reactions
due to cancer treatment were excluded.

2) Severe Comorbidities Affecting Immune Response: Individuals with severe comorbidities, especially those
that affect immune response (e.g., autoimmune diseases or immunodeficiency disorders), were excluded, as
these may interfere with cancer- or allergy-related outcomes.

3) Non-Allergic Immune Disorders: Studies focused on immune disorders unrelated to allergies, such as auto-
immune diseases, were excluded.

4) Case reports, letter to editors, unpublished reports, duplication, in vitro and in vivo studies were not consid-
ered as eligible.

5) Studies Without Relevant Comparisons: Studies that did not compare cancer outcomes between patients
with and without a history of allergies were excluded.

Data extraction

The data extraction process was carried out in a systematic manner. Initially, two independent reviewers, X. Fan
and S. Guo, screened the titles and abstracts of all identified studies based on the pre-specified eligibility criteria.
Studies that met the inclusion criteria advanced to full-text review, and any disagreements during the screening
process were resolved through discussion or by consulting a third reviewer W. Li. Subsequently, the full-text
articles of studies that passed the initial screening were independently reviewed by the same two reviewers to
confirm adherence to all inclusion and exclusion criteria. Studies that did not meet these criteria were excluded,
and the reasons for exclusion were documented. Data to be extracted included study characteristics such as first
author, year, country, study type, study period, cancer identification, exposure assessment, number of cases,
number of controls, allergy type, cancer type. Main outcomes focused on data related to cancer incidence, with
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effect measures presented as odds ratios (OR), hazard ratio (HR), or relative risk (RR), along with 95% confidence
intervals (CIs) for each primary outcome. Furthermore, information on confounding factors, adjustments made
during analysis, and study Limitations was also collected. All extracted data were recorded in a structured
electronic database to ensure completeness and organization. The final dataset encompassed all relevant
information necessary for meta-analysis or qualitative synthesis and was stored securely for reference throughout
the review process. In the data extraction process, we also paid particular attention to the classification of allergy
types. Across the 53 included studies, we identified 26 distinct terms describing allergic conditions (e.g., “any
allergy,” “asthma,” “hay fever;” “drug allergy;” “eczema,” “rhinitis,” “food allergy;” etc.). To ensure consistency and
analytical power, only allergy subtypes that were reported in more than 10 studies were included in the subgroup
meta-analyses. These subtypes were: any allergy (n =34), asthma (n=24), hay fever (n=16), food allergy (n=15),
drug allergy (n=14), eczema (n=11), and allergic rhinitis (n=10). Beyond categorizing allergy subtypes, we also
organized the data according to cancer types. The top ten cancer types with the highest number of studies were
included in our meta-analysis, and we conducted individual meta-analyses for each cancer type to examine the
relationship with allergies. This approach allowed us to systematically assess the association between allergies
and cancer risk, progression, or mortality for each specific cancer type. The results of these analyses provide a
comprehensive overview of the potential protective or risk-enhancing role allergies may play in various cancers,
considering the heterogeneity across cancer types.

Quality assessment
The studies included in this meta-analysis were observation study including cohort study and case-control
study. The quality of each included study was assessed using Newcastle-Ottawa scale (NOS) by two independent
authors. The scoring criteria for the Newcastle-Ottawa Scale (NOS) are as follows: a total score of 0 to 3 indicates
low quality, a score of 4 to 6 indicates moderate quality, and a score of 7 to 9 indicates high quality'*.

The GRADE (Grading of Recommendations, Assessment, Development and Evaluations) assessment
was used to assess the quality of evidence of the main outcomes. All assessments were performed using the
GRADEpro online platform to ensure methodological transparency and reproducibility.

Statistical analysis

For each study reporting the association between allergy type and cancer risk, we calculated the pooled OR,
RR, or HR and its 95% CI and combined them to present all results as OR and 95% CI. Data were combined
according to the random-effect model in the presence of heterogeneity, otherwise, the fixed-effect model was
performed. Statistical heterogeneity was assessed using the chi-squared based Q-test or the I> method'®. To
assess the stability of the results, sensitivity analysis was performed using subgroup analysis and leave-one-
out analysis (sequentially omitting individual studies). A Baujat plot was further applied to identify studies
contributing most to heterogeneity and to evaluate their influence on the pooled estimates. We also performed
random-effects meta-regression to examine the influence of potential moderators, including geographic
region, allergy assessment method, age, smoking status, alcohol consumption, and gender when substantial
heterogeneity (12 >70%) was detected. Additionally, To assess the robustness of the findings, a sensitivity analysis
excluding studies with a NOS score <3 was conducted. Funnel plots and Egger’s test were performed to detect
potential publication bias'®. The trim-and-fill method was employed to assess and, if necessary, correct for
potential publication bias. All p-values were two-sided, and values < 0.05 were considered statistically significant.
Extracted data were combined into a meta-analysis using STATA 16.0 analysis software (Stata Corporation,
College Station, TX).

Results

Literature search results

A Literature search was conducted until November 2024 using the
PubMed, ScienceDirect, and Google Scholar databases with the search

terms: “hypersensitivity or “allergy’AND “cancer’or “tumor’or “neoplasms’or “malignancy”(Supplementary Table
1). A total of 109 articles from 3 scientific databases were identified: PubMed (66), ScienceDirect (17), and
Google Scholar (26). After excluding irrelevant and duplicate studies (duplicate n=25, irrelevant n=16, other
reasons n=2), we obtained 66 studies. By evaluating these 66 studies in detail, we found that 13 studies did not
meet our inclusion criteria (see Table 1 for specific reasons). Therefore, 53 studies were finally included in the
systematic review and meta-analysis (Fig. 1).

Exclusion reasons No. of Studies

1) Exposure did not meet the predefined inclusion criteria

2) Effect estimates were not reported or extractable

4) Study design did not meet inclusion criteria

2
3
3) Outcome or exposure definitions not comparable 2
4
2

5) No control group
Total 13

Table 1. Excluded studies and reasons for exclusion.
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Fig. 1. PRISMA flow diagram of article selection for systematic review and meta-analysis of the association
between allergy and cancer.

Quality assessment

All 53 studies included in this meta-analysis were observational studies, including cohort and case-control
designs. Two reviewers independently assessed the methodological quality of each study using the Newcastle-
Ottawa Scale (NOS). Among the included studies, 18 were rated as high quality, 29 were rated as moderate
quality, and 6 were rated as low quality. (Supplementary Table 2).

Study characteristics

Two authors independently extracted data from full-text articles. Details of the studies were recorded on a
standardized form, including the following data elements: first author, year, country, study type, study period,
cancer identification, exposure assessment, number of cases, number of controls, allergy type, cancer type.

A total of 53 studies were included in this meta-analysis, including 36 case-control studies and 17 cohort
studies. The articles were classified by cancer site and specifically analyzed the top ten most common cancer
types included in the studies, including colorectal cancer, breast cancer, lymphoma, pancreatic cancer, lung
cancer, prostate cancer, leukemia, brain cancer, gastrointestinal cancers, and gynecological cancers. The exposure
types analyzed mainly included: any allergy, atopic allergy, asthma, eczema, food allergy, drug allergy, and hay
fever. (Table 2).

Meta-analysis

As outlined in the methods section, after data extraction, we categorized all studies based on cancer types. We
included the top ten cancer types with the highest number of studies in our meta-analysis: colorectal cancer
(n=17), breast cancer (n=13), lymphoma (n=13), pancreatic cancer (n=12), lung cancer (n=10), prostate
cancer (n=9), leukemia (n=8), brain cancers (n=8), gastrointestinal cancers (n="7), and gynecological cancers
(n=7). Individual meta-analyses were then conducted to assess the relationship between each cancer type and
allergies.

Colorectal cancer

17 studies investigated the relationship between allergies and colorectal cancer. The combined odds ratio for
the 17 studies investigating the association with colorectal cancer was 0.82 (95% CI 0.76-0.89; I?=51.5%),
indicating a negative correlation between allergies and colorectal cancer. Of the 17 studies, 12 were cohort
studies, and 5 were case—control studies (Fig. 2a). In this study, we assessed the potential for publication bias
using Egger’s test and a funnel plot. The result of Egger’s test (p-value > 0.05) indicated no significant publication
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Fig. 2. Random-effects meta-analysis of association of colorectal cancer incidence and allergy. (a). Forest plot
is stratified by study design. (b). Forest plot is stratified by different allergy type. (c). Forest plot is stratified

by different allergy type, results were adjusted based on sensitivity analysis. (d). Forest plot of the association
after excluding low-quality studies (NOS < 3) to assess robustness of the pooled estimate. If HR, RR, or OR
are provided, they were used for the calculations. If these measures were not provided, the OR value was
calculated based on the raw data from the original articles. OR, odds ratio; RR: relative risk; HR: hazard ratio;
CI, confidence interval.

bias. Furthermore, the funnel plot did not show any obvious asymmetry, further supporting the reliability of the
results (Supplementary Fig. 1a). Sensitivity analysis using a leave-one-out approach demonstrated that the pooled
estimates remained robust, with no single study significantly influencing the overall results (Supplementary
Fig. 2a). The Baujat plot was used to illustrate the impact of individual studies on overall heterogeneity and the
pooled effect (Supplementary Fig. 3a). The results of subgroup analysis for different allergy types are shown
in Fig. 2b and Table 3a. In the subgroup heterogeneity analysis, the study by Choi contributed the most to the
observed heterogeneity in the association between allergy and colorectal cancer. After excluding the Choi study,
(The Choi study defined allergies based on Korean insurance claims data, which may have led to misclassification
of allergic diseases. Additionally, environmental and lifestyle factors specific to the Korean population may
have differed from those in other regions.) heterogeneity decreased substantially (I>=12.7%), while the overall
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Total 0.82 | 0.76t0 0.89 | 51.5 <0.0001 17 Low
Allergy type

Allergy 0.81 | 0.70t0 0.94 | 67.9 | 0.005 5

Atopy 0.85 [ 0.76t00.95 | 0 0.567 5

Asthma 0.83 | 0.66to 1.05 | 23.8 | 0.263 4

Hay fever 0.86 | 0.66t0 1.13 | 0 0.941 3

Drug allergy 0.70 | 0.53t00.93 | 0 1.000 1

Sensitivity analysis (excluding NOS<3) | 0.83 | 0.76 t0 0.91 | 42.1 | 0.016 11

Q-test for subgroup differences: Q=4.10, df=4, p=0.3927.

Total 0.97 1 0.89to 1.05 | 58.2 <0.0001 13 Low
Allergy type

Allergy 1.06 | 0.83to 1.35 | 86.5 <0.0001 3

Atopy 1.14 | 0.90to 1.45 | 35.7 |0.183 5

Asthma 0.96 | 0.83to 1.11 | 44.5 | 0.109 4

Hay fever 1.09 | 0.76to 1.56 | 0 0.556 2

Drug allergy 0.98 | 0.76 t0 1.27 | 0 0 1

Food allergy 0.83 | 0.60t0 1.15 | 0 0 1

Q-test for subgroup differences: Q=2.48, df=5, p=0.779.

Total 0.85 | 0.79t00.92 | 49.6 <0.0001 13 Low
Allergy type

Allergy 0.85 | 0.68 to 1.07 | 72.2 | 0.003 6
Atopy 1.36 | 0.63t02.96 | 62.3 |0.021 4
Asthma 0.81 | 0.70t0 0.94 | 18.8 | 0.287 7
Hay fever 0.74 | 0.62t00.88 | 0 0.438 4
Drug allergy 1.15 | 091 to 1.45 | 45.1 | 0.162 3
Food allergy 0.76 | 0.60t00.96 | 39.2 |0.177 4
Eczema 0.93 | 0.62to 1.41 | 42.1 |0.178 3
Sensitivity analysis (excluding NOS<3) | 0.88 | 0.79t0 0.98 | 50.6 | 0.001 12
Q-test for subgroup differences: Q=11.56, df=6, p=0.0724.

Total 0.75 | 0.69t00.82 | 68.8 | <0.0001 12 ;ge‘f)’
Allergy type

Allergy 0.72 1 0.56t0 0.91 | 85.6 <0.0001 6
Atopy 0.82 | 0.57to 1.19 | 77.1 | 0.013 3
Asthma 0.89 | 0.65t0 1.23 | 55.2 | 0.082 4
Hay fever 0.53 | 0.37t00.75 | 39.3 | 0.193 3
Drug allergy 0.94 | 0.69to 1.27 | 0 0.510 4
Food allergy 0.79 | 0.58t0 1.07 | 0 0.614 3
Eczema 0.71 | 0.56t0 091 | 27.1 |0.253 3
Q-test for subgroup differences: Q =8.46, df=6, p=0.2066.

Total 099 |0.82t0 1.19 | 715 | <0.0001 10 IV“Y
ow
Allergy type
0.35to
Allergy 2.86 | 533 93.1 | <0.0001 2
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Atopy 0.76 | 0.48t0 1.20 | 0 0.776 3
Asthma 0.84 | 0.60to 1.17 | 17.9 | 0.301 3
Hay fever 0.66 | 0.26t0 1.70 | 25.9 | 0.259 2
Q-test for subgroup differences: Q=2.37, df=3, p=0.4987.

Total 1.07 | 0.98to 1.17 | 18.2 | 0.215 9 Low
Allergy type

Allergy 1.08 | 0.88to 1.32 | 41.7 | 0.190 2

Atopy 1.41 | 1.05t0 1.88 | 4.7 0.350 3

Asthma 1.10 | 0.89to0 1.37 | 37.9 |0.185 3

Hay fever 1.06 | 0.80to1.40 | O 0.747 2

Q-test for subgroup differences: Q=0.07, df =3, p=0.9945.

Total 049 |0.35t00.68 | 81.3 | <0.0001 8 L’:;Y
Allergy type

Allergy 0.68 | 0.18t02.57 | 90.7 | 0.001 2

Atopy 1.21 | 0.18t08.35 | 0 0.934 2

Asthma 0.83 [ 0.63t01.09 | 0 0.384 2

Hay fever 2.54 10.73t08.79 | 0 0.424 1

Drug allergy 0.73 | 0.34t0 1.58 | 67.1 | 0.081 2

Food allergy 0.31 | 0.08to 1.28 | 90.3 | 0.001 2

Q-test for subgroup differences: Q=11.48, df=5, p=0.0427.

Total 0.77 1 0.73t00.82 | 39.6 | 0.012 8 low
Allergy type

Allergy 0.71 | 0.64t00.79 | 0 0.726 2

Atopy 1.02 | 0.75t0 1.38 | 0 0.988 3

Asthma 0.78 | 0.64t00.95 | 40.2 |0.171 4

Hay fever 0.66 | 0.58t0 0.76 | 0 0.920 2

Food allergy 0.66 | 0.50 t0 0.87 | - - 1

Eczema 0.73 1 0.57t00.93 | 52.5 |0.122 3

Q-test for subgroup differences: Q=28.31, df=5, p=0.14.

Total 0.84 | 0.52t01.37 | 96.4 | <0.0001 7 ;ge‘f,y
Allergy type

Allergy 0.62 | 0.29to 1.35 | 98.1 <0.0001 4

Atopy 1.36 | 0.90t0 2.07 | 16.1 | 0.275 2

Asthma 0.96 | 0.71t0 1.30 | - - 1

Sensitivity analysis (excluding NOS<3) | 0.98 | 0.86 to 1.12 | 22 0.268 6

Q-test for subgroup differences: Q =4.88, df=2, p=0.0874.

Total 0.87 | 0.69to 1.10 | 38.3 | 0.124 7 Low
Allergy type
Allergy 0.75 | 0.36 to 1.55 | - - 1
Atopy 1.16 | 0.90to 1.51 | O 0.549 2
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(j) Meta-analysis results for the association between allergies and gynecological cancers, including subgroup and
sensitivity analyse

OR | 95%CI 12(%) | P Value for meta-analysis | No. of study | GRADE
Asthma 0.72 | 0.53t00.97 | 37.1 | 0.208 2
Sensitivity analysis (excluding NOS<3) | 1.00 | 0.80to 1.24 | 7.7 0.355 4

Q-test for subgroup differences: Q=5.98, df=2, p=0.0502.

Table 3. Meta-analysis results for the association.

association remained consistent (Fig. 2¢). In addition, we performed a sensitivity analysis excluding studies with
a Newcastle-Ottawa Scale (NOS) score lower than 3 to assess the robustness of the pooled estimates. The results
were consistent with the original analysis, indicating that our findings were robust and were not significantly
affected by the inclusion of low-quality studies (Fig. 2d).

Breast cancer

13 studies investigated the association between allergies and breast cancer. Among them, nine were cohort
studies, and four were case-control studies. The pooled odds ratio of the 13 studies was 0.97 (95% CI 0.89-
1.05; 12=58.2%), indicating little to no association (Fig. 3a). The results from Egger’s test (p>0.05) and the
symmetrical distribution of the funnel plot did not suggest the presence of publication bias (Supplementary
Fig. 1b). Sensitivity analysis using a leave-one-out approach demonstrated that the pooled estimates remained
robust, with no single study significantly influencing the overall results (Supplementary Fig. 2b). The Baujat plot
indicated that Aryaie et al. contributed notably to heterogeneity and the pooled effect, but excluding this study
did not reduce the overall heterogeneity (Supplementary Fig. 2b-3b). Subgroup analysis results for different
allergy types are presented in Fig. 3b, and no significant associations were observed across the various allergy
subtypes (Table 3b). However, sensitivity analysis within the allergy subgroup showed that, after excluding
the study by Aryaie et al., the pooled odds ratio for the remaining two studies was 0.90 (95% CI 0.80-1.01;
12=52.5%) (Fig. 3c). Based on the Newcastle-Ottawa Scale assessment, all included studies were of moderate
to high quality, with no studies rated as low quality. Therefore, no subgroup analysis based on study quality was
conducted.

Lymphoma

13 studies investigated the association between allergies and lymphoma. The pooled odds ratio of the 13 studies
was 0.85 (95% CI 0.79-0.92; 12=49.6%), indicating a negative association between allergies and lymphoma.
Among the studies, seven were cohort studies, and six were case—control studies (Fig. 4a). Egger’s test (p <0.05)
and the asymmetry of the funnel plot suggest the potential for publication bias (Supplementary Fig. 1c).
Sensitivity analysis using a leave-one-out approach demonstrated that the pooled estimates remained robust,
with no single study significantly influencing the overall results (Supplementary Fig. 2c). The Baujat plot was
used to illustrate the impact of individual studies on overall heterogeneity and the pooled effect (Supplementary
Fig. 3c). Subgroup analysis results for different allergy types are presented in Fig. 4b and Table 3c. The analysis
revealed that heterogeneity primarily arose from differences in study design between cohort and case-control
studies (Fig. 4c). (The cohort studies by Hofmann and Mills contributed significantly to the overall heterogeneity.
After excluding these studies, the I? value significantly decreased, indicating that design differences were the
key factor driving the increased heterogeneity. After exclusion, the I? value dropped to 37.7%, and the pooled
odds ratio of the remaining four studies was 0.88 (95% CI 0.74-1.05).For the analysis of atopy (four studies)
and lymphoma, the pooled odds ratio was 1.36 (95% CI 0.63-2.96; 12=62.3%). After excluding the Hofmann
study based on study type, the I? value decreased to 0%, and the pooled odds ratio for the remaining three
studies was 2.02 (95% CI 1.10-3.70).) In addition, we performed a sensitivity analysis excluding studies with a
Newcastle-Ottawa Scale (NOS) score lower than 3 to assess the robustness of the pooled estimates. The results
were consistent with the original analysis, indicating that our findings were robust and were not significantly
affected by the inclusion of low-quality studies.(Fig. 4d).

Pancreatic cancer

12 studies investigated the association between allergies and Pancreatic cancer. The pooled odds ratio of the
12 studies was 0.75 (95% CI 0.69-0.82; I*=68.8%), indicating a negative association between allergies and
pancreatic cancer. Among the studies, six were cohort studies, and six were case—control studies (Fig. 5a). Egger’s
test and the funnel plot suggest the potential for publication bias (p <0.05) (Supplementary Fig. 1d). Sensitivity
analysis using a leave-one-out approach demonstrated that the pooled estimates remained robust, with no single
study significantly influencing the overall results (Supplementary Fig. 2d). Based on the Baujat results, studies by
Turner, Olson, Engkilde, Cotterchio, and Holly were identified as major contributors to heterogeneity. However,
sequential exclusion of these studies did not materially reduce the overall heterogeneity. (Supplementary Fig. 2d-
3d). In addition, due to the high level of heterogeneity observed among studies investigating the association
between allergy and pancreatic cancer, we conducted both meta-regression and subgroup analyses to identify
potential sources of heterogeneity. The meta-regression results suggest that whether adjust alcohol consumption
may partially account for the between-study heterogeneity(Supplementary Fig. 4). Subgroup analysis results for
different allergy types are presented in Fig. 5b and Table 3d. In the subgroup analysis of atopy and pancreatic
cancer (3 studies), heterogeneity was high, with 12=77.1%. Sensitivity analysis showed that Huang’s study
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Fig. 3. Random-effects meta-analysis of association of breast cancer incidence and allergy. (a). Forest plot is
stratified by study design. (b). Forest plot is stratified by different allergy type. (c). Forest plot is stratified by
different allergy type, results were adjusted based on sensitivity analysis. If HR, RR, or OR are provided, they
were used for the calculations. If these measures were not provided, the OR value was calculated based on the
raw data from the original articles. OR, odds ratio; RR: relative risk; HR: hazard ratio; CI, confidence interval.

(This study scored lower (only four stars) on the NOS scale compared to the other two, suggesting that it may
have introduced higher heterogeneity due to data quality issues.) was the main source of heterogeneity. After
excluding this study, I> dropped to 0%, and the trend of results remained the same. Similarly, for allergy and
pancreatic cancer, Choi’s study contributed the most to heterogeneity. After excluding this study, I?> dropped to
0%, and the trend of results remained the same (Fig. 5c).

Lung Cancer

Ten studies investigated the relationship between allergy and lung cancer, with a pooled odds ratio of 0.99 (95%
CI 0.82-1.19; I*=71.5%), suggesting no significant association (Fig. 6a). Egger’s test and funnel plot analysis
showed no significant asymmetry, suggesting that publication bias did not affect the results (Supplementary
Fig. le). Sensitivity analysis using a leave-one-out approach demonstrated that the pooled estimates remained
robust, with no single study significantly influencing the overall results (Supplementary Fig. 2e). The Baujat
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Fig. 4. Random-effects meta-analysis of association of lymphoma cancer incidence and allergy. (a). Forest plot
is stratified by study design. (b). Forest plot is stratified by different allergy type. (c). Forest plot is stratified

by different allergy type, results were adjusted based on sensitivity analysis. (d). Forest plot of the association
after excluding low-quality studies (NOS < 3) to assess robustness of the pooled estimate. If HR, RR, or OR

are provided, they were used for the calculations. If these measures were not provided, the OR value was
calculated based on the raw data from the original articles. OR, odds ratio; RR: relative risk; HR: hazard ratio;
CI, confidence interval.

plot indicated that the study by Aryaie et al. contributed substantially to heterogeneity, but its inclusion or
exclusion did not alter the direction or significance of the overall pooled effect (Supplementary Fig. 2e-3e). To
further explore potential sources of heterogeneity, meta-regression and subgroup analyses were performed for
lung cancer, but none of the examined covariates showed a significant effect (Supplementary Fig. 5). Subgroup
analysis showed no significant associations between any specific type of allergy and lung cancer (Fig. 6b, Table
3e).Based on the Newcastle-Ottawa Scale assessment, all included studies were of moderate to high quality, with
no studies rated as low quality. Therefore, no subgroup analysis based on study quality was conducted.

Prostate cancer
Nine studies investigated the relationship between allergy and prostate cancer, with a pooled odds ratio of
1.07 (95% CI 0.98-1.17; 12=18.2%), suggesting no significant evidence of an association. Among these, seven

Scientific Reports|  (2025) 15:34901 | https://doi.org/10.1038/s41598-025-18646-y nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Study % Study =
D OR/RR/HR (95% CI) Weight D ORRRMHR (85% C1) Weight
Cohort-studies H ]
Choi et al. 2023 4 0.99 (0.97,1.01 5.10 14 0% (7, 101) 2
Huang et al. 2018 RS 1.00 (0.89; 1.13 463 "
Huang et al. 2018 R 0.92(0.79, 1.08 433 pray ] =
Huang et al. 2018 4 0.99 (0.83, 1.19) 414 L 050,08
Helby et al. 2015 - 0.98 (0.77, 1.24) 364 Olson &t 2l 2007 —- 058(040,084) 42
Engkilde et al. 2011 \—— 1.50 (0.83, 2.72) 143 Holyetal. 2003 -+ 077(083,085) 04
Eriksson et al. 2005 — 0.72(0.13, 3.87) 024 Daiet311665 — 070040, 1.10) 30
Turner et al. 2005 e 1.14 (0.94, 1.38) 4.03 Subtotal (1-squared = 85.8%, p = 0.000) ¢ 072(056,001) 20
Subtotal (I-squared = 0.0%, p = 0.666) ) 0.99 (0.97, 1.01) 27.54 !
P Aogy
Case-control d !
Cotterchio et al. 2014 — 0.43 (0.26, 0.72) 177 Heasp e 12018 R4 1000 112 15
Cotterchio et al. 2014 —— 0.49 (0.31, 0.78) 201 Coterchioetal. 2014 —r 088(051,084) 581
Cotterchio et al. 2014 —— 0,52 (0.29, 0.93) 149 Erksson et 2L 2005 —_———— 072(000,280) 04
Cotterchio et al. 2014 —_— 0.80 (0.09, 7.01 0.14 Subtotal (1squared = 77.1%, p = 0013) <> 082(057,1.19) Ex )
Cotterchio et al. 2014 —— 1.15 (0.51, 259 0.88 T
Cotterchio et al. 2014 — 1.54 (0.48, 4.93) 0.47 Hayfever !
Cotterchio et al. 2014 —_— 078 (022, 2.72) 0.41 ol —_—
Cotterchio et al. 2014 pAN 0.89 (0.64, 124 2385 prremicaies: mf‘“z‘m L :;: L ?E‘ m
Cotterchio et al. 2014 —— 0.58 (0.40, 0.84) 255 SEDmEne & o —- (047.126)
Cotterchio et al. 2014 o 0.89 (0.61, 1.30) 250 Oison kel 2007 - 045(028,070) 35
Cotterchio et al. 2014 - 0.66 (0.51, 0.85) 352 Subtotal (+squared =30.3%, p=0.163) < 053(037,075) 08
Maisonneuve et al. 2010 -or 0.64 (0.50, 0.82) 354 I
Maisonneuve et al. 2010 —or| 057 (0.34, 0.96} 170 Foods slergy I
Maisonneuve et al. 2010 —. 0.60 (0.41, 0.57) 256 Caterchioatal 2014 —— 115051258 15
Maisonneuve et al. 2010 —r 076 (0.47, 1.23) 1388 Olsonetal 2007 — 07403140 o
Olson et al. 2007 — 058 (0.40, 0.84) 2555 e S et rt 5
Olson et al. 2007 —— 0.45 (0.29, 0.70) 212 o X 119
Gison et al 2007 =4 073 (047, 121 193 St sqared=00% p=0814 omse, 1) n
Olson et al. 2007 —et 070 (0.39, 1.24) 150 |
Olson et al. 2007 — 071 (032, 1.58) 091 Drug ey |
Olson et al. 2007 —— 0.43 (0.23, 0.80; 134 Coterchioetal. 2014 L P 154048,491) 080
Olson et al. 2007 — 0.74 (039, 1.40) 129 7 —
Olson et al. 2007 — 57 (0.29, 112 118 ol “Te 7;:2:&;;: -
Olson et al. 2007 — 071 (031, 1.64) 0.84 e I %
Holly et al. 2003 -« 0.77 (0.63, 0.95} 3.91 Vecchaetal 1000 B —4 0.04(036, 157) 20
Holly et al. 2003 - 0.72 (0.55, 0.95) 328 Subtotal (-squared =00%, p = 0510) ‘<> 094(089,1.27) L
Holly et al. 2003 | 0.7 (0.62, 0.96} 3.80 H
Holly et al. 2003 —e— 0.49 (0.32, 0.75) 220 Eaema H
Holly et al. 2003 —o— 0.6 (0.47, 0.93) 277 Cotertioatal 2014 - 088(084,126) an
Holly et al. 2003 —o— 0.65 (0.42, 1.02; 209 Masonneue 22 2010 — 080(042,088) 2
Holly et al. 2003 —o 0.74 (0.50, 1.09} 2.45 oty st 2003 . 0%6046.083 v
Holly et al. 2003 —— 0.82(0.35, 1.91 0.82 S > T i
Holly et al. 2003 ——| 0.66 (0.46, 0.94) 269 eblota {mpemrad = > 0,099 J
Dai et al.1995 —1 0.70 (0.42, 1.16) 179 i
Dai et al.1995 ——f— 1.30 (0.62, 271) 104 Astma
Dai et al.1995 —_—— 034 Coterchio etal 2014 e 089061, 1.30) 47
Dai et a1.1995 — 0.69 Maisonneuve etal 2010 — 057(034,097) 28
Dai et al.1985 a— 0.51 Tumes etal. 2005 R 1.14(094,138) 88
Daeta ;‘9;5 555, —_—T o3 Daietal 1005 —_— 080(030,230) 088
Subtotal (I-squared = 0.0%, p = 0.642) o 0.68 (0.64, 0.73) 72.46 Subtoal (1suared = 86.2%. £ = 0082) <p 080(085,1.23) 1“5
|
3 i
Overall (I-squared = 68.8%, p = 0.000) ° 0.75 (0.69, 0.82) 100.00 Oveal (squared =726%, p=0.000) ° 076 (080,085) 10000
i
NOTE: Weights sre from random efiects analysis H . T NOTE: Weights e o andom efiets sl L
T T T T
01 1 1 10 100 M 1 N 0 10
Sty %
D ORRRMHR (25% CI) Weight
Hay fever I
Cottercnio et 3l 2014 —— 0.43(026,072) 350
Maisonneuve et al. 2010 — 0.76 (047, 124) an
Olson etal —— 045(029,070) 410
Sublotal (-squared = 30.3%, p = 0.163) < 053(0.37.0.75) 141
i
Foods allrgy !
Cofterchio et al. 2014 —_— 115(051,258) 7
Ofson et al 2007 — 074 (039, 140) 254
Holy etal 2003 — 074 (051, 1.10) 57
Subtotal (squared =0.0%, p=0.614) < 070 (058, 107) 016
|
Orug slergy |
Cotterzhio et al 2014 —r—t——— 1,54 (048, 491) 0%
Olson et al. 2007 — 075(0.46, 1.16) w2
Dai et 21005 ——— 130 (060, 260) 205
Vecchia et a. 1090 - 094 (056, 157) 344
Sublotal (\squared = 0.0%, p=0.510) < 004 (080, 127) 1025
i
Eczema i
Cotterchio et al. 2014 . 080(084,124) 563
Maisonneuve et al. 2010 -t 0.60(0.42,088) 507
Holly etal 2003 —— 066 (0.46, 0.63) 532
Sustotal (squared =27.1%, p = 0.253) <> 0.71(055,081) 1602
i
Alergy I
Cottercio et al 2014 —— 058(040,084) 505
Maisonneuve et al. 2010 -+ 064 (050, 0.82) 701
Olscn etal. 2007 — 058 (0.40,084) 505
Holly et al 2003 077 (063, 085) i)
Dai et 211005 070(040,1.10) a3
Sublotal (squared = 0.0%, p=0.548) Q 088(050,077) 240
|
Asthma |
Cottershio ¢ al. 2014 . 050081, 130) ™
Maisonneuve et al 2010 — 057034, 097) 337
Turneret L2005 RS 114(094,138) 800
osi 5 —_— 080(020, 280) 100
‘Subtotal (-squared = 55.2%, p = 0.082) <P 0.89(0.65,1.23) 1732
)
Atopy :
Catierchio et al. 2014, -+ 086 (051,084) 697
Ericsson etal. 2005 — 072(000,260) 047
Subtotal (squared =0.0%, p=0.820) 066 (052,085) 44
|
Overall (1squared = 48.5%, p=0.004) [ 073(085,082) 100.00
i
NOTE: Weights are L
T T T T
o 1 1 10 100

Fig. 5. Random-effects meta-analysis of association of pancreatic cancer incidence and allergy. (a). Forest plot
is stratified by study design. (b). Forest plot is stratified by different allergy type. (c). Forest plot is stratified by
different allergy type, results were adjusted based on sensitivity analysis. If HR, RR, or OR are provided, they
were used for the calculations. If these measures were not provided, the OR value was calculated based on the
raw data from the original articles. OR, odds ratio; RR: relative risk; HR: hazard ratio; CI, confidence interval.

were cohort studies, and two were case—control studies (Fig. 7a). Egger’s test (p=0.135) and the symmetrical
distribution of the funnel plot indicated no publication bias (Supplementary Fig. 1f.). Sensitivity analysis
using a leave-one-out approach demonstrated that the pooled estimates remained robust, with no single study
significantly influencing the overall results (Supplementary Fig. 2f.). The Baujat plot was used to illustrate the
impact of individual studies on overall heterogeneity and the pooled effect (Supplementary Fig. 3f.). Subgroup
analysis indicated a significant positive association between atopy and prostate cancer risk (OR 1.41, 95% CI
1.05-1.88), while no significant associations were found for other allergy types (Fig. 7b, Table 3f). Based on the
Newcastle-Ottawa Scale assessment, all included studies were of moderate to high quality, with no studies rated
as low quality. Therefore, no subgroup analysis based on study quality was conducted.
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Fig. 6. Random-effects meta-analysis of association of lung cancer incidence and allergy. (a). Forest plot is
stratified by study design. (b). Forest plot is stratified by different allergy type. If HR, RR, or OR are provided,
they were used for the calculations. If these measures were not provided, the OR value was calculated based
on the raw data from the original articles. OR, odds ratio; RR: relative risk; HR: hazard ratio; CI, confidence
interval.

Leukemia

Eight studies investigated the relationship between allergy and leukemia, with a pooled odds ratio of 0.49 (95%
CI 0.35-0.68; 1>=81.3%), indicating a negative association between allergy and leukemia. Among these, six
were cohort studies, and two were case—control studies (Fig. 8a). Egger’s test (p <0.05) and funnel plot analysis
suggested potential publication bias (Supplementary Fig. 1 g). Sensitivity analysis using a leave-one-out approach
demonstrated that the pooled estimates remained robust, with no single study significantly influencing the
overall results (Supplementary Fig. 2 g). Based on the Baujat plot, the study by Talbot-Smith et al. and Severson et
al. were considered the main contributor to heterogeneity. However, excluding either study did not substantially
reduce the overall heterogeneity (Supplementary Fig. 2 g-3 g). In addition, given the substantial heterogeneity
(I=81.3%) observed among studies examining the association between allergy and leukemia, we performed
both meta-regression and subgroup analyses to explore potential sources of heterogeneity. The meta-regression
results indicated that geographic region, allergy assessment method, age, gender, alcohol consumption, and
smoking status may each partially contribute to the between-study variability (Supplementary Fig. 6). The Q-test
for subgroup differences reached statistical significance (Q=11.48, df=5, p=0.0427), suggesting potential
variation among allergy types. However, subgroup analysis revealed no significant associations between any
specific allergy type and leukemia risk (Fig. 8b, Table 3g). None of the included studies met the criteria for low
methodological quality according to the NOS score.

Brain cancer

Eight studies investigated the relationship between allergy and brain cancer, with a pooled odds ratio of 0.77
(95% CI 0.73-0.82; 12=39.6%), indicating a negative association between allergy and brain cancer. Among
these, five were cohort studies, and three were case—control studies (Fig. 9a). Egger’s test (p<0.05) and funnel
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Fig. 7. Random-effects meta-analysis of association of prostate cancer incidence and allergy. (a). Forest plot is
stratified by study design. (b). Forest plot is stratified by different allergy type. If HR, RR, or OR are provided,
they were used for the calculations. If these measures were not provided, the OR value was calculated based
on the raw data from the original articles. OR, odds ratio; RR: relative risk; HR: hazard ratio; CI, confidence
interval.

plot analysis suggested evidence of publication bias (Supplementary Fig. 1 h). Sensitivity analysis using a leave-
one-out approach demonstrated that the pooled estimates remained robust, with no single study significantly
influencing the overall results (Supplementary Fig. 2 h). The Baujat plot was used to illustrate the impact of
individual studies on overall heterogeneity and the pooled effect (Supplementary Fig. 3 h). Subgroup analysis
showed that most allergy types were significantly associated with a reduced risk of brain cancer (Fig. 9b, Table
3h). Based on the Newcastle-Ottawa Scale assessment, all included studies were of moderate to high quality,
with no studies rated as low quality. Therefore, no subgroup analysis based on study quality was conducted.

Gastrointestinal cancers

Seven studies investigated the relationship between allergy and gastrointestinal cancers, with a pooled odds
ratio of 0.84 (95% CI 0.52-1.37; [=96.4%), suggesting little to no evidence of an association. Among these,
five were cohort studies, and two were case—control studies (Fig. 10a). Egger’s test and funnel plot analysis did
not show significant asymmetry (Supplementary Fig. 1i). The leave-one-out sensitivity analysis indicated that
the pooled association between allergy and gastrointestinal cancers risk was notably affected by the exclusion
of the study by Zhou et al. (Supplementary Fig. 2i). Consistently, the Baujat plot identified Zhou et al. as a
major contributor to both heterogeneity and the overall effect, with I? decreasing from 96.4% to 33% upon its
removal (Supplementary Fig. 2i-3i). In addition, due to the high level of heterogeneity observed among studies
investigating the association between allergy and gastrointestinal cancers, we conducted both meta-regression
and subgroup analyses to identify potential sources of heterogeneity. The meta-regression results suggest that
geographic region may partially account for the between-study heterogeneity (Supplementary Fig. 7). Subgroup
analysis revealed no significant associations between specific allergy types and the risk of gastrointestinal cancers
(Fig. 10b, Table 3i). However, sensitivity analysis within the allergy subgroup showed that, after excluding the
study by Zhou et al., (The quality assessment of this study was only three stars, and the article did not report
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Fig. 8. Random-effects meta-analysis of association of leukemia cancer incidence and allergy. (a). Forest plot
is stratified by study design. (b). Forest plot is stratified by different allergy type. If HR, RR, or OR are provided,
they were used for the calculations. If these measures were not provided, the OR value was calculated based

on the raw data from the original articles. OR, odds ratio; RR: relative risk; HR: hazard ratio; CI, confidence
interval.

direct odds ratios, instead calculating them. Additionally, the Zhou study, based on a Chinese population, may
have been influenced by regional differences, data collection methods, and varying reporting standards, leading
to inconsistent results and high heterogeneity.) the pooled odds ratio was 0.94 (95% CI 0.93-0.95; I2=0%),
suggesting a potential inverse association between allergy and gastrointestinal cancers (Fig. 10c). In addition,
we performed a sensitivity analysis by excluding studies with a Newcastle-Ottawa Scale (NOS) score below 3
to assess the robustness of the pooled estimates. The effect sizes remained largely consistent with the original
analysis, while the heterogeneity was substantially reduced (Fig. 10d). This suggests that our findings are robust
and that some of the observed heterogeneity may be attributed to lower-quality studies.

Gynecological cancers

Seven studies investigated the relationship between allergy and gynecological cancers (including uterine cancer,
cervical cancer, endometrial cancer, and uterine body cancer), with a pooled odds ratio of 0.87 (95% CI 0.69-
1.10; 12=38.3%), indicating little to no evidence of an association. Among these, six were cohort studies, and one
was a case—control study (Fig. 11a). Egger’s test (p=0.866) and the symmetrical distribution of the funnel plot
indicated no publication bias, further confirming the stability of the results (Supplementary Fig. 1j). Sensitivity
analysis using a leave-one-out approach demonstrated that the pooled estimates remained robust, with no
single study significantly influencing the overall results (Supplementary Fig. 2j). The Baujat plot was used to
illustrate the impact of individual studies on overall heterogeneity and the pooled effect (Supplementary Fig. 3j).
Subgroup analysis indicated that asthma was significantly associated with a reduced risk of gynecological cancers
(OR 0.72, 95% CI 0.53-0.97) (Fig. 11b, Table 3j). In addition, we performed a sensitivity analysis by excluding
studies with a Newcastle-Ottawa Scale (NOS) score below 3 to assess the robustness of the pooled estimates.
The effect sizes remained largely consistent with the original analysis, while the heterogeneity was substantially
reduced (Fig. 11c). This suggests that our findings are robust and that some of the observed heterogeneity may
be attributed to lower-quality studies.

GRADE assessment

GRADE assessments were conducted for above meta-analyses. The certainty of evidence was rated as low for
colorectal cancer, breast cancer, lymphoma, prostate cancer, brain cancer, and gynecological cancers, and as very
low for pancreatic cancer, lung cancer, leukemia, and gastrointestinal cancers. (Table 4).

Discussion

This study utilized a systematic review and meta-analysis approach to comprehensively explore the relationship
between allergies and cancer, aiming to elucidate the potential patterns within this complex interaction. Through
stringent data selection criteria, we identified the cancer types most frequently studied in association with
allergies, with a particular focus on the top ten cancer types: colorectal cancer (n=17), breast cancer (n=13),
lymphoma (n=13), pancreatic cancer (n=12), lung cancer (n=10), prostate cancer (n=9), leukemia (n=38),
brain cancers (n=38), gastrointestinal cancers (n=7), and gynecological cancers (n=7). Here, n represents the
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Fig. 9. Random-effects meta-analysis of association of brain cancer incidence and allergy. (a). Forest plot is
stratified by study design. (b). Forest plot is stratified by different allergy type. If HR, RR, or OR are provided,
they were used for the calculations. If these measures were not provided, the OR value was calculated based
on the raw data from the original articles. OR, odds ratio; RR: relative risk; HR: hazard ratio; CI, confidence
interval.

number of studies included in the analysis for each cancer type. In the preliminary meta-analysis, we observed
potential inverse associations between general allergy and several cancer types, including colorectal cancer,
lymphoma, pancreatic cancer, leukemia, and brain cancers. Although the pooled analysis suggested a negative
association between allergy and leukemia, the substantial heterogeneity (12=81.3%) could not be effectively
reduced through sensitivity analyses, subgroup analyses, or meta-regression, indicating that the observed
association should be interpreted with caution. Moreover, we did a subgroup analysis based on the subtype
of the allergy. And we found for colorectal cancer, any allergy, atopy, and drug allergy, were showed a negative
correlation. For brain cancer, most allergy types, particularly any allergy, asthma, hay fever, food allergy, and
eczema, were significantly associated with a reduced risk of brain cancer. And for pancreatic cancer, subgroup
analysis indicated that any allergy, hay fever, eczema was significantly associated with a reduced risk of pancreatic
cancer, while no significant associations were observed for food allergies, drug allergies, or any allergy overall.
For lymphoma, subgroup analysis showed that asthma, hay fever, and food allergies were significantly associated
with a reduced risk of lymphoma, while no significant associations were observed for eczema, drug allergies,
or any allergy overall. These findings suggest no consistent evidence supporting an inverse association between
certain allergy subtypes and cancer risk.

Based on the findings of this study, the relationship between cancer and allergies is both multifaceted and
complex. In addition, several other studies have explored the association between specific cancers and allergies
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Fig. 10. Random-effects meta-analysis of association of gastrointestinal cancers incidence and allergy. (a).
Forest plot is stratified by study design. (b). Forest plot is stratified by different allergy type. (c). Forest plot

is stratified by different allergy type, results were adjusted based on sensitivity analysis. (d). Forest plot of the
association after excluding low-quality studies (NOS < 3) to assess robustness of the pooled estimate. If HR, RR,
or OR are provided, they were used for the calculations. If these measures were not provided, the OR value was
calculated based on the raw data from the original articles. OR, odds ratio; RR: relative risk; HR: hazard ratio;
CI, confidence interval.

using meta-analysis. Below we also summarize the main results of these studies. Atopic diseases, asthma, hay
fever, and allergies to animals, have been linked to a reduced risk of pancreatic cancer, suggesting a potential
protective effect!’~20. However, allergies related to food or drugs do not show any significant association with
pancreatic cancer'®. In terms of prostate cancer, hay fever and asthma exhibit significant inverse associations
with cancer-specific mortality, indicating that these allergic conditions may be associated with improved survival
rates in patients with prostate cancer??2. On the other hand, atopy or any allergy does not appear to be directly
linked to a reduced risk of developing prostate cancer itself?!. Asthma has been identified as both a risk factor
for lung cancer in some studies, while others report a significant inverse association between asthma and lung
cancer-specific mortality, indicating a complex relationship between asthma and lung cancer??!. Regarding
glioma, a history of any allergy or allergies of any type appears to offer a protective effect against the development
of this type of brain cancer®. Furthermore, asthma has shown significant inverse associations with breast cancer-
specific mortality, suggesting that individuals with asthma may have a better prognosis in breast cancer?!. Finally,
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Fig. 11. Random-effects meta-analysis of association of gynecological cancers incidence and allergy. (a).
Forest plot is stratified by study design. (b). Forest plot is stratified by different allergy type. (c). Forest plot of
the association after excluding low-quality studies (NOS < 3) to assess robustness of the pooled estimate. If HR,
RR, or OR are provided, they were used for the calculations. If these measures were not provided, the OR value
was calculated based on the raw data from the original articles. OR, odds ratio; RR: relative risk; HR: hazard
ratio; CI, confidence interval.

atopic diseases are inversely associated with colorectal cancer (CRC), indicating that allergic conditions may
reduce the risk of CRC?!. However, a history of allergy does not show a significant association with CRC risk?.
These mixed results highlight the need for further research to understand the nuanced relationship between
allergic diseases and the risk of different types of malignant cancers.

Traditionally, allergic conditions have been considered a form of chronic inflammation that increases the
risk of malignancy. Persistent inflammatory microenvironments may contribute to carcinogenesis through
multiple mechanisms, including accelerated cell turnover, increased production of reactive oxygen species
(ROS), impaired DNA repair, and remodeling of the extracellular matrix?’. For instance, ulcerative colitis has
been linked to colorectal cancer, chronic pancreatitis to pancreatic cancer, and gastroesophageal reflux disease
to esophageal adenocarcinoma?. However, emerging evidence suggests that allergic inflammation may, in
some contexts, be inversely associated with cancer risk. One potential explanation is that allergic responses may
enhance immune surveillance by activating specific immune pathways, thereby offering protective effects against
tumor development?. Support for this hypothesis has also emerged from preclinical studies. For example, in the
observed inverse correlation between asthma and brain cancers, asthma is a type 2 immune-mediated disease
characterized by elevated levels of IL-4, IL-5, and IL-13, accompanied by prominent eosinophilic inflammation,
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IgE production, and activation of mast cells and basophils. These cytokines and effector cells can influence the
tumor microenvironment®’. A murine model demonstrated that allergic airway inflammation (AAI) delayed
glioblastoma progression by reprogramming microglia toward a pro-inflammatory phenotype. This shift was
associated with enhanced infiltration of CD4" T cells into the tumor microenvironment and an increase in
circulating effector memory T cells®!. In line with this, Chatterjee et al. reported that asthma may suppress
glioma formation through decorin-mediated inhibition of microglial activity via T cell signaling®?. These
findings suggest that asthma-associated immune activation may contribute to antitumor immune responses in
the central nervous system. In addition, studies have shown that elevated IgE levels in allergic individuals may
contribute to antitumor immunity by binding tumor-associated antigens and facilitating antibody-dependent
cellular cytotoxicity (ADCC) and phagocytosis (ADCP)%. Notably, epidemiological evidence suggests that
individuals with allergic diseases or elevated serum IgE levels may have a reduced risk of developing a variety
of specific site malignancies, including colorectal cancer, pancreatic cancer, and especially gliomas. Glioma has
the most consistent negative correlation with these tumors, and some studies have further suggested that higher
IgE levels may confer a survival benefit®®****. This is also consistent with the findings of this meta-analysis.
Conversely, certain allergic mediators may have pro-tumorigenic effects in specific contexts. For instance,
histamine has been shown to impair the efficacy of cancer immunotherapy by activating histamine H1 receptors
on macrophages, which may dampen antitumor immune responses. A clinical study found that melanoma and
lung cancer patients receiving H1 antihistamines during anti-PD-1/PD-L1 therapy experienced significantly
improved overall survival compared to those who did not. A similar trend of reduced mortality was observed
in breast and colon cancer patients under the same treatment conditions®*. These findings, however, appear
to contradict our meta-analysis results, which showed a negative association between allergy and such cancer,
suggesting that the relationship between allergy and cancer may be context-dependent and influenced by cancer
type, immune milieu, and specific allergic pathways.

Collectively, these findings reflect the multifaceted and context-dependent immunological consequences of
allergic inflammation. Activated immune cells such as M1 macrophages®®, dendritic cells (DCs)%’, NK cells*,
Thl cells®, follicular T helper cells (TFH)*°, CD8 + T cells, B lymphocytes?!, and eosinophils®” typically have an
inhibitory effect on tumorigenesis, while tolerogenic cells like M2 macrophages®, tolerogenic DCs, and T and
B regulatory lymphocytes® tend to support carcinogenesis. Moreover, Mast cells exhibit dual roles, balancing
immune tolerance with tumor inhibition*2. Additionally, immune molecules such as IgE and CCL5 chemokines
are associated with anti-cancer effects, whereas IgG4, IL-10, TGF-p, lipocalin-2, and CCL1 chemokines tend to
promote cancer progression*’. Notably, these immune cells and molecules are also integral to allergic reactions,
further complicating the understanding of how allergic responses influence tumorigenesis and progression.
For instance, macrophages, DCs, B cells, TFH13 cells, mast cells, and eosinophils are all critical players in
allergy pathophysiology, with their roles extending into immune activation, antigen presentation, and cytokine
secretion®>~%>. Taken together, the association between allergy and cancer risk, progression, or mortality is not
consistent across all cancer types. These seemingly contradictory theories emphasize the relevance of the allergy-
cancer relationship and highlight the urgent need for mechanistic studies to elucidate its underlying causal
relationships and biological pathways.

In summary, this study synthesizes existing evidence to reveal potential inverse associations between allergies
and certain cancer types. While our findings provide preliminary insights into the possible protective effects of
allergies against specific cancers, the overall certainty of evidence, evaluated using the GRADE framework, was
rated as low to very low. Specifically, the associations observed for lung cancer, leukemia, and gastrointestinal
cancers were supported by very low-certainty evidence. This was primarily due to the observational design of
all included studies, which limits causal inference. Additionally, substantial heterogeneity across studies, the
potential for publication bias, and the presence of residual confounding further reduce the robustness of the
findings. Therefore, these associations should be interpreted with caution and warrant confirmation through
large-scale prospective cohort studies, randomized controlled trials, and mechanistic in vivo experiments.
Despite the above-mentioned limitations, we believe that this study not only provides important insights
into the relationship between allergies and cancer, but also lays the foundation for exploring the underlying
immunological mechanisms. Future research should focus on addressing these limitations and deepening our
understanding of how allergies may influence cancer development, progression, and mortality.

Data availability
The data used in this study are available upon reasonable request by contacting the corresponding author.
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