

[image: Cancer Risk in Hashimoto’s Thyroiditis: a Systematic Review and Meta-Analysis]
Cancer Risk in Hashimoto’s Thyroiditis: a Systematic Review and Meta-Analysis





SYSTEMATIC REVIEW

published: 12 July 2022

doi: 10.3389/fendo.2022.937871

[image: image2]


Cancer Risk in Hashimoto’s Thyroiditis: a Systematic Review and Meta-Analysis


Xiaojie Hu 1,2†, Xuanyu Wang 1†, Yue Liang 1, Xin Chen 1, Siyuan Zhou 1, Wenting Fei 1, Yuxin Yang 1 and Huafa Que 1,2*


1 Department of Traditional Chinese Surgery, Longhua Hospital Shanghai University of Traditional Chinese Medicine, Shanghai, China, 2 Shanghai University of Traditional Chinese Medicine, Shanghai, China




Edited by: 

Paolo Miccoli, University of Pisa, Italy

Reviewed by:

Marta Waliszewska-Prosół, Wroclaw Medical University, Poland

Fumihiko Furuya, Fukushima Medical University, Japan

*Correspondence: 

Huafa Que
 huafaque@126.com
















†These authors have contributed equally to this work and share first authorship


Specialty section: 
 This article was submitted to Thyroid Endocrinology, a section of the journal Frontiers in Endocrinology


Received: 06 May 2022

Accepted: 09 June 2022

Published: 12 July 2022

Citation:
Hu X, Wang X, Liang Y, Chen X, Zhou S, Fei W, Yang Y and Que H (2022) Cancer Risk in Hashimoto’s Thyroiditis: a Systematic Review and Meta-Analysis. Front. Endocrinol. 13:937871. doi: 10.3389/fendo.2022.937871




Objective

Research data suggest that patients with Hashimoto’s thyroiditis may increase the risk of cancer. However, existing research is inconsistent with this view. Therefore, to investigate the effect of Hashimoto’s thyroiditis on the risk of developing cancer, we conducted this study.



Methods

We searched the PubMed and Embase databases from database establishment until March 2022. After rigorous literature screening by two authors, 23 studies that met the inclusion criteria were identified, and the required data were independently extracted.



Results

We retrieved 3591 records, and after the screening, 11 case-control studies and 12 cohort studies were included in the analysis. Data analysis suggested that patients with Hashimoto’s thyroiditis had an increased risk of developing breast cancer, urogenital cancer, digestive organs cancer, hematologic cancer, and a low risk of respiratory cancers.



Conclusions

This systematic review and meta-analysis showed that patients with HT may have a significantly increased risk of thyroid cancer, breast cancers, lung cancer, digestive system cancer, urogenital cancers, blood cancers, and prolactinoma people without HT.



Systematic Review Registration

https://www.crd.york.ac.uk/prospero/, identifier CRD 42022320741.
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1 Introduction

Hashimoto’s thyroiditis (HT) is the most frequent autoimmune disease, also known as chronic lymphocytic or autoimmune thyroiditis, which often manifests clinically as enlarged thyroid, lymphocytic infiltration, and increased autoimmune antibodies (1, 2). It is also a disease of autoimmune aseptic inflammation. Research shows that chronic inflammation is an indispensable participant in cancer development (3–7). Therefore, more and more research institutes begin to study the relationship between HT and cancer. However, controversy over whether HT and cancer development are related as research increases. Recently, a case-control study showed that abnormal thyroid function was associated with the development of rectal cancer (8). A 22-year study demonstrates that patients with HT developing papillary thyroid carcinoma are more likely to develop multifocal tumors (9). Consistent with this, some studies show that HT and the occurrence of thyroid cancer have a strong correlation (10, 11). Unlike this, several studies indicate that HT is not associated with the development of thyroid cancer and breast cancer (12, 13). Given conflicting evidence and newly added epidemiological studies, we conducted a meta-study to examine and assess the association between HT and cancer.



2 Methods


2.1 Registration

This review was carried out following PRISMA and registered with PROSPERO (CRD 42022320741).



2.2 Search Strategy

The literature search was conducted according to the principles recommended in the Preferred Reporting Project for Systematic Reviews and Meta-Analysis (PRISMA). Two authors (Wenting Fei and Yuxin Yang) independently searched PubMed and Embase databases by combining search terms with free words: “Hashimoto Disease”, OR “Disease, Hashimoto”, OR “Autoimmune thyroiditis”, OR “Hashimoto Struma”, OR “Hashimoto Thyroiditis”, OR “Hashimoto Thyroiditides”, OR “Thyroiditides, Hashimoto”, OR “Thyroiditis, Hashimoto”, OR “Hashimoto’s Syndrome”, OR “Hashimoto Syndrome”, OR “Hashimoto’s Syndromes”, OR “Hashimotos Syndrome”, OR “Syndrome, Hashimoto’s”, OR “Syndromes, Hashimoto’s”, OR “Hashimoto’s Struma”, OR “Chronic Lymphocytic Thyroiditis”, OR “Chronic Lymphocytic Thyroiditides”, OR “Lymphocytic Thyroiditides, Chronic”, OR”Lymphocytic Thyroiditis, Chronic”, OR “Thyroiditides, Chronic Lymphocytic”, OR “Thyroiditis, Chronic Lymphocytic”, OR “Hashimoto’s Disease”, OR “Disease, Hashimoto’s”, OR “Hashimotos Disease”; “Neoplasms”, OR “Tumor”, OR “Neoplasm”, OR “Tumors”, OR “Neoplasia”, “Neoplasias”, OR “Cancer”, OR “Cancers”, OR “Malignant Neoplasm”, OR “Malignancy”, “Malignancies”, OR “Malignant Neoplasms”, OR “Neoplasm, Malignant”, OR “Neoplasms, Malignant”, OR “Benign Neoplasms”, OR “Benign Neoplasm”, OR “Neoplasms, Benign”, OR “Neoplasm, Benign”. All articles were published in English from the establishment of the museum to March 2022.



2.3 Inclusion and Exclusion Criteria

The inclusion criteria for this study are as follows: (i) the study type must be observational; (ii) the subject of the study is Hashimoto’s thyroiditis and cancer; (iii) the study participants must be adults (≥18 years old) regardless of gender or race. The exclusion criteria were as follows: (i) the type of study design was not observational; (ii) reviews, case reports, and animal studies; (iii) the study information was incomplete and the authors could not be contacted to extract the information needed for this study data information. According to these criteria, two authors (Xin Chen and Siyuan Zhou) provided the titles and abstracts of the readings for screening, followed by full-text reading, excluded studies that did not meet the inclusion requirements, and finally screened out eligible articles. Inconsistencies arising from the review process were resolved with the help of a third author (Huafa Que).



2.4 Study Selection

A total of 3591 documents were retrieved, 280 duplicate documents were excluded, and 3620 documents were carried out for further research. 3535 articles were excluded through title and abstract due they did not meet the inclusion criteria. The full-text articles 85 were evaluated for eligibility. Finally, 23 papers were included (Figure 1).




Figure 1 | Flow diagram of systemic review procedure.





2.5 Assessment of Bias Risk

The methodological quality of all included articles was assessed by two authors (Xiaojie Hu and Xuanyu Wang) independently using the Newcastle-Ottawa Scale (NOS) (14). The NOS scale evaluation items include 8 items, and all literature quality evaluation scores are 7 points or above. All disagreements encountered were discussed and adjudicated by a third senior author (Huafa Que).



2.6 Data Extraction

For the included literature, we extracted the following information: first author, year of publication, country, study design, the sample of the case, the sample of controls, duration of the study, odds ratios (OR) or relative risks (RR) with 95% confidence intervals (Cl), and outcomes. We categorized cancer types in literature studies by the site of disease, including thyroid cancer, digestive organs cancer(colorectal cancer, stomach, hepatoma), genitourinary cancer (uterus, cervical, ovary, prostate, bladder, kidney), breast cancer, respiratory cancer (lung cancer), prolactinoma, and leukemia. Data were extracted independently by three authors (Xiaojie Hu, Xuanyu Wang, and Yue Liang) and reviewed by one of them (Xiaojie Hu) to ensure the accuracy of the data extraction.



2.7 Data Analyses

For dichotomous data, we used OR or RR with 95% confidence intervals (Cl). For continuous data, we use the weighted mean difference with 95% CI. ORs are used to describe case-control studies, while RRs are used to describe cohort studies. Heterogeneity between included studies was assessed using the Q-test and the squared value of I (15, 16). In the Q-test, a P-value < 0.10 or I squared > 50% indicated a specific statistical significance of heterogeneity between studies, and a random-effects model was used. Conversely, the square of I was ≤50%, suggesting that the heterogeneity among the included studies was small, and a fixed-effects model could be used. Subgroup analyses and sensitivity analyses were used to explore the reasons for heterogeneity. Egger’s test and funnel plot were used to analyze the possibility of publication bias. Therefore, STATA 16.0 software was used for statistical analysis.



2.8 Ethical Approval

This study does not involve the examination of the participants and therefore does not require ethical approval.




3 Result


3.1 Study Characteristics

The 3591 articles on the association between Hashimoto’s thyroiditis and thyroid cancer were screened, and 3620 were retrieved after the removal of repeated documents. Browsing full-text articles assessed for initial screening literature, 3535 literature were excluded due to they failed to meet inclusion criteria. Therefore, 23 articles (17–39) were included involving 11 case-controls and 12 cohorts. This study was incorporated The United States (7 studies), China (5 studies), Turkey (4 studies), Japan (1 study), Poland (1 study), Greece (1 study), Sri Lanka (1 study), Italy (1 study), Croatia (1 study), Bulgaria (1 study). The studies were performed in 10 regions and included 12917 cases and 60509 control subjects. Eleven of the 22 articles recorded the duration of the study, with the longest being 22 years and the shortest being 1 year (Table 1).


Table 1 | Characteristics of included studies.





3.2 Study Quality

The risk of bias assessments was assessed through the Newcastle-Ottawa-Scale tool. The average NOS score is 7.66. All incorporated literature was included in the quality assessment, and all articles received a score of 5 or more, of which 1 received 9 points, 13 received 8 points (Table 2) and 9 received 7 points (Table 3). No significant publication bias was detected for all cancer risks.


Table 2 | The quality assessment of 12 included studies based on the Newcastle–Ottawa Scale (range 0–9).




Table 3 | The quality assessment of 12 included studies based on the Newcastle–Ottawa Scale (range 0–9).





3.3 Rate of Cancers in HT Patients

This study incorporates 11 case-controls and 12 cohorts, so we evaluate all included studies according to different experimental design types. For instance, we reported case-control results as OR and cohorts as RR. The research on HT patients referred to 13 human cancer types: thyroid cancer, breast cancer, lung cancer, stomach cancer, hepatoma cancer, colorectal cancer, uterus cancer, cervical cancer, ovary cancer, prostate cancer, bladder cancer, kidney cancer, and hematologic cancer. The relative risks/odds ratio of types of cancer among HT patients are listed in Table 1.

HT patients were reported to have a high cancer risk in referred cancers. The result of our meta-analysis displayed that the thyroid cancer rate of cancers in HT patients was the highest although some reported studies have shown that the association between thyroid cancer and HT is controversial (40–42). The rate of thyroid cancers in patients with HT from the 21 studies ranged from 0.61% to 58.43%, with a mean rate of 25.01%. The mean rate of breast cancer 1.40% (0.99%, 1.82%), respiratory organs cancer 1.06% (0, 2.15%), genitourinary cancer was 1.2% (0.3, 2.1), digestive organs cancer 2.21% (0.46%, 3.95%), and leukemia 0.37% (0.13%, 0.61%). Only one document mentioned malignant lymphoma, and 2 patients were found among 2036 HT patients. Among 329 HT patients, 3 patients of myeloma were found and no case was found in the control group.



3.4 Overall Cancer Risk in HT Patients

The literature describing thyroid cancer includes both case-control studies and cohort studies. To better analyze these data, therefore, we divided the literature into a more detailed division: OR values were used to describe case-control studies, while RR values were used to describe cohort studies.

In case-controls: Under the random-effects model, HT patients were reported to have a higher risk of the thyroid cancer (OR = 2.41, 95% CI = 1.81-3.20, I2 = 88.8%%, p < 0.0001). The 9 literature in this study were tested for heterogeneity, I squared >50%, p<0.1, suggesting that the heterogeneity among the literature selected in this study was statistically significant, consequently, sensitivity analysis was performed to find the reason. The results indicated that after removing studies (17) and (35), the combined effect size of the meta-analysis was large, so the two studies were removed and the study was conducted again. The test results indicated that there was no heterogeneity in the remaining 7 literature. After exclusion, a meta-analysis was performed using random-effects model (OR = 1.82, 95% CI = 1.66–1.99, I2 = 37.5%, p = 0.143), indicating that there was positive correlation between HT and thyroid cancer (Figure 2).




Figure 2 | Forest plot of risk of thyroid cancer in patients with Hashimoto’s thyroiditis and those without Hashimoto’s thyroiditis in case-control studies.



In cohort: The results of the meta-analysis of thyroid cancer data extracted from 12 cohort studies suggest that the relative risks of thyroid cancer among HT patients are 1.62 (95% CI = 1.34–21.96, I2 = 90.0%, p < 0.001), showing that there was large heterogeneity among these studies, so we performed a sensitivity analysis. After removing the three articles (25, 30, 37) that had a greater impact on the study results, we re-used the fixed-effects model to conduct a meta-analysis, and the results suggested that compared with non-HT patients, the risk of HT patients with thyroid cancer increased by 0.49 times (RR = 1.49, 95% CI = 1.42–1.57, I2 = 45.3%, p = 0.067) (Figure 3). The results of the analysis were statistically significant.




Figure 3 | Forest plot of risk of thyroid cancer in patients with Hashimoto’s thyroiditis and those without Hashimoto’s thyroiditis in cohort studies.



The results of the meta-analysis showed that the relative risk of breast cancers among HT patients was 1.69 (95% CI = 1.30–3.20, I2 = 39.9%, p = 0.19) under the fixed effects model (Figure 4). There was no heterogeneity between studies and the findings were statistically significant. In terms of respiratory cancers, a total of two articles (30, 32) described the incidence of lung cancer in HT patients. We performed a meta-analysis using a random-effects model and RR was 2.04 (95% CI = 0.02–171.49, I2 = 84.2%, p = 0.012), and the results showed that patients with HT have an increased risk of developing lung cancer relative to patients without HT (Figure 5). Cancers of the digestive system involve gastric cancer, bowel cancer, hepatobiliary cancer, and RR was 2.84, (95% CI = 1.54–5.24, I2 = 0.0%, p = 0.591).The results of the study indicate that patients with HT have an increased risk of developing cancers of the digestive system, compared with patients without HT (Figure 6). Urogenital cancers include uterus, cervical, ovary, prostate, bladder, kidney, and the results demonstrates that RR is 1.53 (RR = 1.53, 95% CI = 0.74–3.18, I2 = 0.0%, p = 0.475 >0.1) (Figure 7). This suggests an increased risk of urogenital cancers in HT patients. Blood cancers are mainly leukemia incidence in HT patients, we performed a meta-analysis of the included literature using a fixed-effects model, and the results showed that RR is 4.11, (95% CI = 0.96–17.63, I2 = 0.0%, p = 0.450) (Figure 8). This suggests that HT may increase the risk of developing leukemia. We conducted a meta-analysis of articles investigating the relationship between prolactinoma and HT using a fixed-effects model, and the results showed that OR value is 2.64 (95% CI = 1.58–4.41, I2 = 0.0%, p = 0.753) (Figure 9). This suggests a positive correlation between HT and prolactinomas.




Figure 4 | Forest plot of breast cancer risk in patients with Hashimoto’s thyroiditis and those without Hashimoto’s thyroiditis.






Figure 5 | Forest plot of lung cancer risk in patients with Hashimoto’s thyroiditis and those without Hashimoto’s thyroiditis.






Figure 6 | Forest plot of digestive organs cancer risk in patients with Hashimoto’s thyroiditis and those without Hashimoto’s thyroiditis.






Figure 7 | Forest plot of genitourinary cancer risk in patients with Hashimoto’s thyroiditis and those without Hashimoto’s thyroiditis.






Figure 8 | Forest plot of blood cancer risk in patients with Hashimoto’s thyroiditis and those without Hashimoto’s thyroiditis.






Figure 9 | Forest plot of risk of HT in patients with prolactinoma.






4 Discussion

The meta-analysis result of these observational studies demonstrated that people with HT were significantly associated with a high risk of thyroid cancer, breast cancers, lung cancer, digestive system cancer, urogenital cancers, blood cancers, and prolactinoma people without HT. These results are consistent with previous research findings, which found that HT patients had significantly increased risks of thyroid cancer, lung cancer, breast cancer, and leukemia (43–48). As early as 1863, Rudolf Virchow linked chronic inflammation and tumors (49). Subsequently, growing studies on the relationship between chronic inflammation and tumors supported this hypothesis (3, 50).

Although the mechanism between Hashimoto’s thyroiditis and carcinogenesis is unclear, several hypotheses have been proposed. Among all the hypotheses, chronic inflammation induces cancer as one of the possible mechanisms (51–53). Under the influence of a chronic inflammatory environment, people are more likely to switch to several types of cancer: breast, liver, bowel, bladder, prostate, gastric mucosa, ovarian and skin cancers (53). When tissue is damaged, inflammatory cells will aggregate to release reactive oxygen species (ROS) and inflammatory cytokines, and subsequently induce cell proliferation, cell repair, and the formation of a chronic inflammatory environment (3, 53). The ROS/RNS generated in the inflammatory environment can cause DNA damage in organs, which is a common mechanism of cancer development, especially 8-oxo -7,8-dihydro-2′-deoxyguanosine and 8-nitroguanidine (54). In an inflammatory environment, the generated ROS/RNS damage not only DNA but also proteins and lipids (55). NADH oxidase and iNOS in inflammatory cells can produce superoxide   and NO, and the hydroxyl radical (•OH) generated by the reaction of H2O2 generated by O2 mutation with Fe (II) can attack DNA, proteins, and lipids (55). Furthermore, DNA methylation is a key factor in inflammation-induced cancer. In an inflammatory environment, DNA methyltransferase 1 (DNMT1) is affected by ROS/RNS or pro-inflammatory factors, resulting in enhanced DNA methylation of tumor suppressor genes and microRNAs (56). Many studies have shown that inflammation is inextricably linked with the occurrence of cancer, and plays a major role in the occurrence and development of cancer. HT the thyroid microenvironment is characterized by the infiltration of lymphocytes and other immune-sensing cells, including chemokines, cytokines, and growth factors, which are important components of cellular transformation and tumor progression (57, 58). This supports the possible involvement of inflammatory molecular mechanisms in tumor development.

The immune microenvironment of the thyroid is influenced by 3 factors: TSH, reactive oxygen species (ROS), and iodine (59). Studies have shown that serum TSH is closely related to the risk of thyroid cancer, and both TSH level and thyroid autoimmunity are independent risks of malignant tumors (60, 61). However, the study found that in Graves disease patients, the prevalence of papillary thyroid cancer is higher (62). In addition, it was reported that both TGAb and TPOAb were related to the occurrence of papillary thyroid carcinoma (PTC) and that TPOAb was not as correlated with PTC as TGAb (63, 64). This suggests that the occurrence of thyroid cancer is influenced by multiple factors. Some studies on HT and breast cancer suggest that anti-TSH-R autoantibodies are associated with breast cancer risk and TSH-R is present in mammary epithelial cells (65, 66). The articles we retrieved on the risk of cancer in HT patients did not describe the TSH levels in HT patients in detail, which is regrettable that the effect of TSH levels on cancer risk could not be explored by subgroup analysis according to thyroid function.

This study included many large observational studies. We performed subgroup analyses by cancer type and by country region for each study to reduce variability. The results suggest that there are differences in the risk of thyroid cancer, breast cancers, lung cancer, digestive system cancer, urogenital cancers, blood cancers, and prolactinoma between HT and non-HT patients. Most of the studies we included were related to thyroid cancer, and the number of non-thyroid cancer studies was small, which may be related to the current lack of large, high-quality studies investigating the incidence of cancer in patients with HT. Therefore, more high-quality studies are needed to document the health management of HT patients in the future for better cancer diagnosis. In addition, the relationship between HT patients and cancer occurrence found in our study can be helpful for early disease screening of HT patients.

Our research has the following strengths. We report the risk of developing multiple cancers among patients with HT and those without HT, not limited to the risk of developing thyroid cancer. We performed analyses according to different cancer types to more accurately assess the correlation between HT and cancer. However, our study also has some limitations. Firstly, despite our careful search of the database, there are still some studies that may be missed. Secondly, the meta-analysis of lung cancer risk in HT patients exist heterogeneous. This may be related to statistical differences in the study population, such as differences in region, ethnicity, lifestyle, and diagnostic methods. Lastly, most of the articles we finally included described the risk of developing cancer in HT patients, and only a few articles were observational studies grouped by TSH levels in HT patients. Unfortunately, due to the lack of these details in the included studies, we could not perform additional subgroup analyses to detect these associations. Therefore, it is hoped that there will be more high-quality studies exploring the relationship between HT patients and cancer in the future.



5 Conclusions

In conclusion, our meta-outcome study showed that patients with HT may have a significantly increased risk of thyroid cancer, breast cancers, lung cancer, digestive system cancer, urogenital cancers, blood cancers, and prolactinoma people without HT. Our findings suggest that patients with HT may be at increased risk of developing these cancers, but a more definitive answer needs to be based on extensive high-quality research. Regular screening of HT patients for cancer risk has clinical implications. Future studies should build more detailed models of risk factors between HT patients and cancer, such as serum TSH levels, region, ethnicity, and lifestyle. This will help us to explore the link between HT patients and carcinogenesis.
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