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Introduction: Over the past 20 years, the increasing use of combined therapy with immunosuppressants and biologic agents has markedly reduced the use of steroids in the management of inflammatory bowel diseases (IBD). However, medical therapy seems to promote, in the long run, carcinogenesis resulting in an increased risk of developing different types of malignancies, including lymphomas. The aim of this study was to systematically review the current incidence and prognosis of lymphoid neoplasms occurring in patients with IBD.

Methods: Studies analyzing the incidence of lymphomas in subjects of age >18 years affected by IBD were included in this systematic review and meta-analysis. Studies focusing on pediatric populations, not reporting person-years of follow-up, or with a duration <1 year were excluded. PubMed, Embase, Web of Science Core Collection, and Cochrane Central Register were searched from inception through January 2022. Publication bias within studies was assessed using Begg's and Egger's tests and random effects model. Quantitative results were synthesized using relative-risk meta-analysis. PRISMA guidelines were used to carry out this systematic review (PROSPERO Registration Number: CRD42023398348).

Results: A total of 345 studies published between 1985 and 2022, with a total of 6,17,386 patients were included in the meta-analysis. Substantial heterogeneity between studies prevented the pooling of estimates (I2 = 97.19%). Evidence of publication bias was overall low (p = 0.1941). Patients affected by Crohn's disease (CD) were 1,86,074 (30.13%), while 2,78,876 (46.17%) were diagnosed with UC. The remaining 23.7% of cases were diagnosed with indeterminate colitis. Immunomodulators and biologic therapy were used in 24,520 (5.27%), and 17,972 (3.86%) patients, respectively. Reported incidence rates for lymphoma in IBD ranged from 0.0/100,000 person/years (py) (95% CI 0.0–3.7/100,000) to 89/100,000 py (95% CI 36–160/100,000). Reported incidence rates of lymphoma in CD ranged from 0.0/100,000 py (95% CI 0.0–3.7/100,000) to 91/100,000 py (95% CI 18–164/100,000). For UC, the incidence rate ranged from 0.0/100,000 py (95% CI 0.0–3.7/100,000) to 95/100,000 py (95% CI 0–226/100,000). Male-to-female ratio was ~4:1. Therapy with immunomodulators was directly associated with an increased incidence of lymphoma (p < 0.0001). Evidence of publication bias was overall low (p = 0 .1941).

Conclusions: The evidence arising from this study highlights a correlation between the use of immunomodulators and subsequent lymphoma development. Combined multidisciplinary approach and long-term follow-up are warranted in order to decrease mortality deriving from the coexistence of both conditions.

Systematic review registration: Identifier: CRD42023398348.
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1. Introduction

Inflammatory bowel diseases (IBD), namely Crohn's disease (CD) and ulcerative colitis (UC), are chronic, idiopathic, lifelong inflammatory conditions of the gastrointestinal tract (1). The foundation of treatment in IBD is represented by medical therapies that diminish the mucosal inflammatory response. During the past 20 years, an increasing use of combined therapy with immunosuppressants and biologic agents has markedly reduced the use of steroids (2). However, medical therapy seems to promote, in the long run, carcinogenesis resulting in an increased risk of developing different types of malignancies, including lymphomas (3). Specifically, thiopurines are associated with an increased risk of lymphoma development (4–6). For what concerns anti-TNF drugs, it is unclear whether the greater risk of lymphoma is due to biologic therapy itself, or whether the augmented risk is explained by past or concomitant exposure to immunosuppressants, namely thiopurines (7–10). Additionally, the risk of lymphoma in patients who are exposed to combination therapy is still unknown (5, 10). In the absence of immunosuppressive therapies or biologic agents the absolute risk of developing lymphomas in the IBD subpopulation is quite low and does not seem to exceed that of the general population (11). Furthermore, Epstein-Barr virus is significantly involved in lymphoma development in patients with IBD, accounting for at least 40% of cases when patients are treated with immunomodulators (12).

According to a French national cohort study of an estimated 1,89,289 patients affected by IBD, those receiving combination therapy of thiopurine and anti-TNF agents had a 6-fold greater risk of lymphoma compared to those receiving monotherapy of either drug (13). A 2018 meta-analysis revealed the presence of a strong correlation between lymphoma risk and anti-TNF exposure (14). On the contrary, a recent review of observational data was unable to identify or rule out any link between lymphomas and anti-TNF medication in IBD patients (15).

The aim of this study was to systematically review the current incidence and prognosis of lymphoid neoplasms occurring in patients with IBD, additionally describing an emblematic case of a 56-year-old female patient affected by UC and a subsequent delayed diagnosis of large bowel lymphoma.



2. Case report

A 56-year-old Jehovah's Witness female patient, previously diagnosed with UC in 2018, and under medical treatment with mesalazine, salazopirine and corticosteroids, was admitted to our Department in August 2022, due to recurrent low-grade fever, malaise, asthenia, anemia (Hb 7.1 g/dL) and bloody diarrhea. On physical examination, the patient presented with abdominal pain in the left upper quadrant. The patient had a previous history of Hashimoto's disease, rheumatoid arthritis, and immune-mediated pericarditis. Furthermore, the patient was treated in the past with biologic agents (infliximab) and immunosuppressants (azathioprine).

A colonoscopy was performed due to the suspicion of UC exacerbation, which showed edematous mucosa, erythema, hyperemia, granularity, loss of vascular markings and mucosal friability. Immunochemistry to cytomegalovirus was negative.

Additionally, an abdomen CT scan was performed, showing circumferential, symmetrical wall thickening with fold enlargement at the level of the sigmoid colon along with inhomogeneous attenuation and proliferation of perirectal fat. Concomitant multiple reactive lymph nodes in the mesentery, perirectal and parasigmoid areas were also present (Figure 1).


[image: Figure 1]
FIGURE 1
 Pre-operative CT scan findings. (A) Circumferential, symmetrical wall thickening with fold enlargement at the level of the sigmoid colon (arrow) along with inhomogeneous attenuation and proliferation of perirectal fat. (B) Concomitant multiple reactive lymph nodes (arrow) in the mesentery, perirectal and parasigmoid tissue.


During hospital stay the patient was started on intravenous iron infusion and high-dose steroids, with improvement of symptoms and reduction of per rectal bleeding.

Due to the recurrence of the aforementioned symptoms which became refractory to medical therapy in September 2022, the patient underwent laparoscopic total proctocolectomy with end ileostomy.

On post-operative day 4 the patient presented with high-grade fever, which spontaneously resolved. On post-operative day 7, the patient was discharged home in good clinical conditions. The stoma was healthy and productive.

Due to recurrent low-grade fever, on post-operative day 20, the patient underwent a CT scan which showed at least three hypointense hepatic lesions with periportal halo; dilatation of the intrahepatic biliary tree on the left and inhomogeneous enhancement of the hepatic parenchyma as for cholangitis. Rounded lesions with blurred margins were also present in the splenic parenchyma. The CT scan also showed an increase in size and number of the splenic hilar, hepatic hilar and retrocrural lymph nodes as well as lumbar-aortic, paraaortic and aorto-caval lymphomegaly. These findings were highly suspicious for a lymphoproliferative disease (Figure 2).


[image: Figure 2]
FIGURE 2
 CT scan findings 20 days post-operatively. (A) The arrow shows one of the three hypointense hepatic lesions and periportal halo. (B) Dilatation of the intrahepatic biliary tree and inhomogeneous enhancement of the hepatic parenchyma as for cholangitis with increase in size and number of the splenic hilar (arrow), hepatic hilar and paraaortic lymph nodes.


Histopathological analysis of the surgical specimen showed intestinal localization of EBV-related lymphoproliferative disease with histological and immunophenotypic features of classic Hodgkin lymphoma with mixed cellularity, arising from chronic inflammatory disease of the large bowel.

In October 2022 the patient was admitted to the Emergency Department due to high-grade fever and anemia and was later transferred to the Gastroenterology Unit where she underwent additional imaging. An MRI of the abdomen showed hepatomegaly and reduction in size of the hepatic lesions previously described. The multiple reactive abdominopelvic lymph nodes were also reduced (Figure 3).


[image: Figure 3]
FIGURE 3
 MRI findings during subsequent hospital admission. (A, B) Hepatomegaly and size reduction of the hepatic lesions previously described (arrow), with reduction of the multiple reactive abdominopelvic lymph nodes.


Due to the worsening of her general conditions, she underwent an abdominal ultrasound which showed increased subhepatic and peripancreatic lymph nodes. A follow-up CT scan which showed an increase in the size of hepatic lesions, fluid collection around the gallbladder and common bile duct dilation. Furthermore, fluid effusion in the left colic gutter and in the pelvis was also present. All these findings were compatible with obstructive cholangitis. Splenomegaly and additional lymph nodes determining compressive phenomena on the inferior vena cava were also seen (Figure 4).
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FIGURE 4
 CT scan findings. (A, B) Increase in size and number of hepatic lesions (arrows), (C) Splenomegaly. (D) Fluid effusion in the right colic gutter.


The patient died shortly after in November 2022 due to hepatic failure.



3. Methods


3.1. Search strategy and selection of studies

This study provides a systematic review and meta-analysis of previously published data, which was carried out according to the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) Statement. This study was registered to the PROSPERO International prospective register of systematic reviews (Registration Number: CRD42023398348).

The Population, Intervention, Comparison, Outcomes and Study (PICOS) framework was used to formulate the study protocol as follows. Population: all persons diagnosed with IBD eventually developing lymphoma. Papers that explored juvenile and pediatric cases only were excluded. Outcome: incidence rate of lymphoma in IBD population was the primary outcome measure. This review did not have an intervention or comparator group.

The search was performed using the following electronic databases without any year restriction, from inception through January 30, 2022: PubMed, Embase, the Web of Science Core Collection, and the Cochrane Central Register of Controlled Trials. All abstracts in the English language were screened for applicability. A manual search using the following keywords extracted from the Medical Subjects Heading (MeSH) was made: “inflammatory bowel disease” AND “IBD” AND “Crohn's disease” AND “ulcerative colitis” AND “lymphoma” AND “incidence” AND “prevalence” AND “malignancies”.



3.2. Eligibility criteria

All studies evaluating persons of age >18 years and diagnosed with IBD eventually developing lymphoma were included in the review. Studies were included if they reported incidence or provided sufficient information to accurately calculate the incidence of lymphomas in adult IBD patients. Studies focusing on pediatric populations, not reporting person-years of follow-up, or with a duration <1 year were excluded. All studies with missing text, with insufficiently reported data or not written in English were also excluded.



3.3. Critical assessment of studies and collection of data

Data extraction was conducted in parallel by three reviewers (MFR, AD, and AI). Data regarding study details (author, year of publication), study characteristics (design, settings) and participant data (population size, incidence rate for diseases studied and the corresponding 95% CIs) were extracted.

The three reviewers independently gathered data, which they then compared and cross-checked. Missing data was sought on the journal's database and included if present. All studies with missing text or with insufficiently reported data were excluded.

All studies that reported incidence or provided sufficient information to accurately calculate the incidence of lymphomas in adult IBD patients were included. Studies focusing on pediatric populations, not reporting person-years of follow-up, or duration <1 year, and not written in English were excluded.

The following data were retrieved for each study: study design, years of follow up, surgical intervention, medical therapy, lymphoma diagnosis and incidence rate.



3.4. Study heterogeneity and risk of bias assessment

Assessment of heterogeneity was performed using the I2 statistic. I2 >50% was taken to represent moderate heterogeneity, and I2 >75% to represent high heterogeneity. Publication bias within studies was assessed with a funnel plot using a random effects model. Publication bias was evaluated through the Begg's and Egger's tests (16). A substantial association between the rankings of the effect estimates and the ranks of their variances is determined by Begg's test. Egger's test examines the relationship between the standardized effect estimates and the standard error using linear regression. Bias is indicated by asymmetrical Funnel plots.



3.5. Statistical analysis

A Freeman-Tukey transformation (17) was used to calculate the weighted summary proportion under the fixed and random effects model (18).

The correlation between immunomodulators and the risk of developing lymphoma was assessed with a relative-risk meta-analysis.

Individual studies were assigned a bias risk rating using the Cochrane Collaboration's Risk of Bias Assessment Tool for Non-Randomized Studies of Intervention (ROBINS-I). The Robvis visualization tool was used to visualizing risk-of-bias assessments (19, 20) (Figure 5).
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FIGURE 5
 Robvis visualization tool. “Traffic light” plots of the domain-level judgments for each individual result.


Individual study unadjusted incidence rates [per 100,000 person-years (py)] were calculated from the reported number of cancer cases and person-years of follow-up. Standard errors and 95% confidence intervals (CIs) were estimated assuming a Poisson distribution (21, 22). In situations with zero observed cases, the value of 3.7 was used to calculate incidence rates and the confidence interval upper limit (22).

In the inverse variance method, the weight given to each study is the inverse of the variance of the effect estimate (i.e., one over the square of its standard error). Thus, larger studies are given more weight than smaller studies, which have larger standard errors. This choice of weight minimizes the imprecision (uncertainty) of the pooled effect estimate (23–25).

Statistical analysis was performed using MedCalc Statistical Software version 19.2.6 p values ≤0.05 were considered statistically significant (26).




4. Results

A total of 345 studies were found in the electronic search. After reviewing titles and abstracts, 133 studies were excluded before screening because they were either reviews, systematic reviews or meta-analyses, while 212 were screened. One hundred forty records were excluded because lymphoma onset was not included as an endpoint, or the record did not report full text. The pediatric population was included in the study. The remaining 72 articles were analyzed; 36 articles were excluded because they did not report person-year follow-up or duration was <1 year. Eventually, a total of 36 articles comprising 6,17,386 patients were included in the final analysis (Figure 6).
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FIGURE 6
 Flowchart for article selection.


Ten of the published articles were retrospective cohort studies, 8 were prospective cohort studies, 4 were case-control studies and the study design could not be determined for 14 studies. Average follow-up was an estimated 14.8 ± 12.3 years. Patients affected by CD were 1,86,074 (30.1%), while 2,78,876 (46.2%) were diagnosed with UC. The remaining 23.7% of cases were diagnosed with indeterminate colitis. Surgical intervention was necessary to treat IBD in 3,761 (0.80%) cases refractory to medical therapy.

Immunomodulators and biologic therapy were used in 24,520 (5.27%), and 17,972 (3.86%) patients, respectively (Table 1).


TABLE 1 Characteristics of included studies of lymphoma in IBD.

[image: Table 1]

Overall death rate was reported by seven studies (6, 11, 27, 29–32). It was not possible to determine the incidence of lymphoma-related mortality in IBD patients due to lack of data.


4.1. Overall incidence of lymphomas in the IBD population

The number of observed lymphomas was 82 for CD and 507 for UC patients. Reported incidence rates for lymphoma in IBD ranged from 0.0/100,000 py (95% CI 0.0–3.7/100,000) to 89/100,000 py (95% CI 36–160/100,000) (Table 2, Figure 7). Reported incidence rates of lymphoma in CD ranged from 0.0/100,000 py (95% CI 0.0–3.7/100,000) to 91/100,000 py (95% CI 18–164/100,000) (Table 2, Figure 8). For UC, the incidence rate ranged from 0.0/100,000 py (95% CI 0.0–3.7/100,000) to 95/100,000 py (95% CI 0–226/100,000). When comparing incidence of lymphoma by sex, 389 patients were males (IR 83,66/100,000), 98 patients were females (IR 21,08/100,000), with a male-to-female ratio of ~4:1. Incidence was greatest in European countries (51%), followed by USA (17%), Asia (14.2%), Canada (8.5%), and South America (2.8%) (Table 2, Figure 9).


TABLE 2 Number of lymphomas and incidence rates in the included studies of lymphoma in IBD.
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FIGURE 7
 Forest plot of IBD incidence. IR, Incidence Rate; SE, Standard Error (4, 6, 9, 11, 23–27, 29–34, 36–45, 48, 50, 51, 57).



[image: Figure 8]
FIGURE 8
 Forest plot of Crohn's disease incidence. IR, Incidence Rate; SE, Standard Error (6, 11, 24–26, 28–30, 32–34, 37, 42–46, 57).



[image: Figure 9]
FIGURE 9
 Forest plot of ulcerative colitis incidence. IR, Incidence Rate; SE, Standard Error (6, 24, 27–30, 32–34, 37, 42, 44, 45, 51, 57).




4.2. Influence of medical therapy on lymphoma occurrence

Seven studies reported the occurrence of lymphoma in patients undergoing medical therapy. Therapy with immunomodulators was directly associated with an increased incidence of lymphoma (p < 0.0001) (Figure 10).


[image: Figure 10]
FIGURE 10
 Forest plot of lymphoma incidence in patients exposed to immunomodulatory therapy (31, 34, 36, 41, 42, 48, 49).




4.3. Heterogeneity and risk of bias assessment

Substantial heterogeneity between studies prevented the pooling of estimates (heterogeneity test, p < 0.001; I2 = 97.19%). Thus, the included studies are presented as unpooled estimates.

Evidence of publication bias was overall low (p = 0.1941) (Figures 11–13). The P-values for Egger's and Begg's test for lymphoma incidence in all the IBD population was p = 0.0046 and p = 0.004603, respectively. Furthermore, P-value for Egger's and Begg's test in the UC subpopulation was p = 0.2292 and p = 0.0222, respectively, and p = 0.5326 and p = 0.0681 in the CD subpopulation.


[image: Figure 11]
FIGURE 11
 Funnel plot for inflammatory bowel disease.
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FIGURE 12
 Funnel plot for Crohn's disease.



[image: Figure 13]
FIGURE 13
 Funnel plot for ulcerative colitis.





5. Discussion

This meta-analysis was performed to produce an updated and reliable incidence rate for lymphomas in IBD patients and in CD and UC separately. Our aim was to quantify lymphoproliferative disorder incidence associated with underlying IBD. To date, the estimated worldwide Non-Hodgkin and Hodgkin lymphoma incidence is 19.0/100.000 and 2.6/100.000, respectively.1

In our study, the incidence was as high as 95/100.000 py for UC. Although the estimated relative risk of lymphoma in IBD may differ between studies, it has been demonstrated that there is an increased risk of lymphoma compared with the general population (5, 58–60).

This study showed a correlation between the exposure to immunomodulators and subsequent lymphoma diagnosis. Several studies demonstrated an increased risk of lymphoma in patients exposed to thiopurines (4–6, 61). The CESAME cohort included 19.486 French patients. A hazard ratio of lymphoproliferative disorders of 5.28 (95% CI, 2.01–13.9) was demonstrated in patients with a history of thiopurine treatment (6). Furthermore, in a British general practice research database including 15,471 patients, exposure to azathioprine was associated with an odds ratio of 3.22 (95% CI, 1.01–10.18) for lymphoma (62). In Western countries, an estimated 4-fold greater risk of lymphoma has been observed in patients treated with thiopurines (5, 13). However, in our study, the power of these tests was limited by incomplete reporting of variables and the small number of included studies.

The risk of lymphoma associated with anti-TNF agents remains unclear. However, being TNF, a cytokine involved in systemic inflammation and modulation of the immune system, the inhibition of TNF would be expected to favor neoplastic processes (63). Two experimental investigations back up the idea that anti-TNF, either alone or in combination with thiopurines, contributes to the development of lymphomas (64, 65). One study found that anti-TNF inhibits Natural Killer cell activity and has a detrimental effect on in vitro anti-lymphoma activity (64). A second, subsequent study demonstrated, in an in vitro lymphoma model, how Epstein-Barr virus-driven lymphomatoid transformation was amplified by both anti-TNF and 6-mercaptopurine (65).

Only two studies demonstrated an increased risk of lymphoma in IBD patients (9, 13). However, in a meta-analysis of randomized trials, monotherapy with anti-TNF agents was not associated with an increased risk of lymphoma (14). According to the prospective, 5-year, observational ENCORE registry, no excess risk of lymphoma was observed in patients diagnosed with IBD treated with anti-TNF agents alone (66). In contrast, combination treatment with thiopurines was reported to exacerbate the risk of lymphoma (67). In the present study, it was not possible to draw conclusions due to lack of information on the occurrence of lymphoma in patients treated with anti-TNF agents.

IBD alone does not seem to represent a risk factor for lymphoma development, according to the analyzed data when seen as a whole. Nevertheless, it is yet unknown whether IBD patients who have more severe and protracted disease activity are at higher risk than those who have less severe disease. Most of the body of evidence available in the literature has demonstrated that IBD patients receiving immunosuppressants such as azathioprine and mercaptopurines are at higher risk of developing lymphoma than the general population, even though this is not conclusive. Although some of these studies have taken into account potential confounders like age and sex, other potentially important factors including disease activity, duration, and co-administration of other immunosuppressive drugs have not always been included (4, 6, 9, 13, 28, 34–36, 39, 40, 42–46, 52, 57).

Limited studies have evaluated the incidence of lymphoma in IBD patients treated with azathioprine or mercaptopurines to those who were not, leading to dubious risk comparisons (14, 66, 67). Anti-TNF and thiopurine medication appears to cause a small but discernible increase in the chance of lymphoma in IBD patients, albeit this risk cannot be precisely measured (67).

Notwithstanding the fact that the largest population-based investigation to date revealed lymphoma incidence rates higher than those previously reported in several clinical trials (46), single-center experiences, and registries, the findings need to be interpreted with caution. In order to fully comprehend the complex and likely synergistic relationships between the severity and duration of IBD disease, concurrent use of immunosuppressive medications, and biologic agents, as well as how these factors relate to the development of lymphoma, well-designed Level 1 evidence needs yet to be produced.

The dysbiosis of the gut microbiota together with an imbalance of cytokines and the destruction of the mucosal barrier play a crucial role in IBD development (68). Some species of host bacteria are directly involved in the promotion of oxidative stress leading to DNA damage and subsequent cancer (69–71). The “Microbiota-gut-lymphoma axis” represents an interesting avenue of microbiota-mediated lymphomagenesis (72). The most frequent site of primary extranodal lymphoma is represented by the gastrointestinal tract and intestinal dysbiosis has been largely documented in patients with lymphoma (73). Indeed, it has been demonstrated that H. pylori is responsible for more than 90% of cases of gastric mucosa-associated lymphoid tissue (MALT) lymphoma (74) and that the same pattern of lesion is present in mice with chronic Helicobacter infection, in particular Helicobacter Felis (75, 76). Furthermore, bacteria such as Campylobacter jejuni, Chlamidia psitacci and Borrelia bergorferi have been involved in lymphoma development in humans (77).

Despite the findings emerging from this study, thiopurines and anti-TNF medications should be used when clinically necessary, either alone or in combination, notwithstanding the minimal absolute risk of lymphoma. While it seems higher in patients who receive combination therapy as opposed to those who have only received monotherapy, the absolute risk is still relatively small when compared to the possible complications IBD patients can develop during disease activity. Such findings might contribute to informing patients for a shared decision-making. The benefits of combination therapy prevail over the risks of malignancy in patients with severe IBD. The risk/benefit ratio could be less advantageous in individuals with mild to moderate IBD, and for these patients, monotherapy with either medication may be the best course of action.

In the clinical case presented in this study, we confirm how previous exposure to a combination of immunosuppressants and biologic agents can contribute to the subsequent development of lymphoma. The diagnosis of lymphoma, however, appeared to be difficult and delayed due to the overlapping symptoms between UC itself and lymphoma. In particular, persistent low-grade fever together with the presence of considerable abdominal lymphadenopathy found on CT-scan in a patient affected by UC and previous or current exposure to immunosuppressant and/or biologic therapy should raise suspicion of lymphoma which requires prompt histological confirmation.

The strength of the present study is the exhaustiveness of the literature search and evaluation of data for inclusion. Despite the completeness of the search, some limitations must be acknowledged. A small number of studies was included in the present review due to limited published data. In addition, substantial heterogeneity prevented pooling of estimates in some cases. Nevertheless, publication bias evaluated by both Begg's and Egger's tests was low indicating an appropriate precision of the effect estimate. Although these limitations may lead to bias in our incidence estimates, our estimates are based on the best available evidence.

In conclusion, although the risk of developing lymphomas in subjects affected by IBD is mainly linked to immunosuppressive therapy, all IBD patients should be evaluated for this possible malignant condition. When lymphoma is diagnosed, it is advised to take into account the need for modifications to IBD treatment and to take a multidisciplinary approach to both conditions. In fact, a combined multidisciplinary management and a long-term follow-up are warranted in order to decrease mortality deriving from the coexistence of both conditions.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

MR, LC-G, and GC contributed to the conception and design of the study. MR, AD, and AI organized the database. MR performed the statistical analysis. MR and LC-G wrote the first draft of the manuscript. LC-G and GC contributed to interpretation of results. All authors contributed to manuscript revision, read, and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Footnotes

1 Available online at: http://seer.cancer.gov/index.html.%20Accessed%20February%202023seer.cancer.gov/index.html (accessed February, 2023).



References

 1. Kobayashi T, Hibi T. Improving IBD outcomes in the era of many treatment options. Nat Rev Gastroenterol Hepatol. (2023) 20:79–80. doi: 10.1038/s41575-022-00738-z

 2. Neurath MF. Current and emerging therapeutic targets for IBD. Nat Rev Gastroenterol Hepatol. (2017) 14:269–78. doi: 10.1038/nrgastro.2016.208

 3. Bickston SJ, Lichtenstein GR, Arseneau KO, Cohen RB, Cominelli F. The relationship between infliximab treatment and lymphoma in Crohn's disease. Gastroenterology. (1999) 117:1433–7. doi: 10.1016/S0016-5085(99)70294-5

 4. Pasternak B, Svanström H, Schmiegelow K, Jess T, Hviid A. Use of azathioprine and the risk of cancer in inflammatory bowel disease. Am J Epidemiol. (2013) 177:1296–305. doi: 10.1093/aje/kws375

 5. Kandiel A, Fraser AG, Korelitz BI, Brensinger C, Lewis JD. Increased risk of lymphoma among inflammatory bowel disease patients treated with azathioprine and 6-mercaptopurine. Gut. (2005) 54:1121–5. doi: 10.1136/gut.2004.049460

 6. Beaugerie L, Brousse N, Bouvier AM, Colombel JF, Lémann M, Cosnes J, et al. Lymphoproliferative disorders in patients receiving thiopurines for inflammatory bowel disease: a prospective observational cohort study. Lancet. (2009) 374:1617–25. doi: 10.1016/S0140-6736(09)61302-7

 7. Nyboe Andersen N, Pasternak B, Basit S, Andersson M, Svanström H, Caspersen S, et al. Association between tumor necrosis factor-α antagonists and risk of cancer in patients with inflammatory bowel disease. JAMA. (2014) 311:2406–13. doi: 10.1001/jama.2014.5613

 8. Siegel CA, Marden SM, Persing SM, Larson RJ, Sands BE. Risk of lymphoma associated with combination anti-tumor necrosis factor and immunomodulator therapy for the treatment of Crohn's disease: a meta-analysis. Clin Gastroenterol Hepatol. (2009) 7:874–81. doi: 10.1016/j.cgh.2009.01.004

 9. Herrinton LJ, Liu L, Weng X, Lewis JD, Hutfless S, Allison JE. Role of thiopurine and anti-TNF therapy in lymphoma in inflammatory bowel disease. Am J Gastroenterol. (2011) 106:2146–53. doi: 10.1038/ajg.2011.283

 10. Osterman MT, Sandborn WJ, Colombel JF, Robinson AM, Lau W, Huang B, et al. Increased risk of malignancy with adalimumab combination therapy, compared with monotherapy, for Crohn's disease. Gastroenterology. (2014) 146:941–9. doi: 10.1053/j.gastro.2013.12.025

 11. Loftus EV Jr, Tremaine WJ, Habermann TM, Harmsen WS, Zinsmeister AR, Sandborn WJ. Risk of lymphoma in inflammatory bowel disease. Am J Gastroenterol. (2000) 95:2308–12. doi: 10.1111/j.1572-0241.2000.02316.x

 12. Kotlyar DS, Lewis JD, Beaugerie L, Tierney A, Brensinger CM, Gisbert JP, et al. Risk of lymphoma in patients with inflammatory bowel disease treated with azathioprine and 6-mercaptopurine: a meta-analysis. Clin Gastroenterol Hepatol. (2015) 13:847–50. doi: 10.1016/j.cgh.2015.03.008

 13. Lemaitre M, Kirchgesner J, Rudnichi A, Carrat F, Zureik M, Carbonnel F, et al. Association between use of thiopurines or tumor necrosis factor antagonists alone or in combination and risk of lymphoma in patients with inflammatory bowel disease. JAMA. (2017) 318:1679–86. doi: 10.1001/jama.2017.16071

 14. Yang C, Huang J, Huang X, Huang S, Cheng J, Liao W, et al. Risk of lymphoma in patients with inflammatory bowel disease treated with anti-tumour necrosis factor alpha agents: a systematic review and meta-analysis. J Crohns Colitis. (2018) 12:1042–52. doi: 10.1093/ecco-jcc/jjy065

 15. Ferraro S, Leonardi L, Convertino I, Blandizzi C, Tuccori M. Is there a risk of lymphoma associated with anti-tumor necrosis factor drugs in patients with inflammatory bowel disease? A systematic review of observational studies. Front Pharmacol. (2019) 10:247. doi: 10.3389/fphar.2019.00247

 16. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med. (2002) 21:1539–58. doi: 10.1002/sim.1186

 17. Freeman MF, Tukey JW. Transformations related to the angular and the square root. Ann Math Stat. (1950) 21:607–11. doi: 10.1214/aoms/1177729756

 18. DerSimonian R, Laird N. Meta-analysis in clinical trials. Controlled Clinical Trials. (1986) 7:177–88. doi: 10.1016/0197-2456(86)90046-2

 19. Sterne JAC, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M, et al. ROBINS-I: a tool for assessing risk of bias in non-randomized studies of interventions. BMJ. (2016) 355:i4919. doi: 10.1136/bmj.i4919

 20. Risk-of-bias VISualization (robvis): an R package and Shiny web app for visualizing risk-of-bias assessments. Res Syn Meth. (2020) 1–7. doi: 10.1002/jrsm.1411

 21. Higgins JP, Deeks JJ, Altman DG. Special Topics in statistics. In: Higgins JP, Green S. Cochrane Handbook for Systematic Reviews of Interventions. John Wiley & Sons (2008). doi: 10.1002/9780470712184.ch16

 22. Dean AG, Sullivan KM, Soe MM. OpenEpi: Open Source Epidemiologic Statistics for Public Health, Version. (2013). Available online at: http://www.OpenEpi.com (accessed February 12, 2023).

 23. Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. Introduction to Meta-Analysis. Chichester, UK: Wiley (2009). doi: 10.1002/9780470743386

 24. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ. (2003) 327:557–60. doi: 10.1136/bmj.327.7414.557

 25. Petrie A, Bulman JS, Osborn JF. Further statistics in dentistry. Part 8: systematic reviews and meta-analyses. Br Dental J. (2003) 194:73–8. doi: 10.1038/sj.bdj.4809877

 26. MedCalc Statistical Software version 19,.2.6 (MedCalc Software bv, Ostend, Belgium. (2020). Available online at: https://www.medcalc.org (accessed February, 2023).

 27. Abbas A, Koleva Y, Khan N. Lymphoproliferative disorders in patients receiving thiopurines for ulcerative colitis: a nationwide 10-year retrospective cohort from the veterans affairs healthcare system. Am J Gastroenterol. (2012) 107:S693. doi: 10.14309/00000434-201210001-01710

 28. Bernstein CN, Blanchard JF, Kliewer E, Wajda A. Cancer risk in patients with inflammatory bowel disease: a population-based study. Cancer. (2001) 91:854–62. doi: 10.1002/1097-0142(20010215)91:4&lt;854::AID-CNCR1073&gt;3.0.CO;2-Z

 29. Biancone L, Armuzzi A, Scribano ML, D'Inca R, Castiglione F, Papi C, et al. Inflammatory bowel disease phenotype as risk factor for cancer in a prospective multicentre nested case-control IG-IBD study. J Crohns Colitis. (2016) 10:913–24. doi: 10.1093/ecco-jcc/jjw048

 30. Biancone L, Armuzzi A, Scribano ML, Castiglione F, D'Incà R, Orlando A, et al. Cancer risk in inflammatory bowel disease: a 6-year prospective multicenter nested case-control IG-IBD study. Inflamm Bowel Dis. (2020) 26:450–9. doi: 10.1093/ibd/izz155

 31. Caini S, Bagnoli S, Palli D, Saieva C, Ceroti M, Bendinelli B, et al. Total and cancer mortality in a cohort of ulcerative colitis and Crohn's disease patients: the Florence inflammatory bowel disease study, 1978–2010. Dig Liver Dis. (2016) 48:1162–7. doi: 10.1016/j.dld.2016.07.008

 32. Campos FG, Teixeira MG, Scanavini A, Almeida MG, Nahas SC, Cecconello I. Intestinal and extraintestinal neoplasia in patients with inflammatory bowel disease in a tertiary care hospital. Arq Gastroenterol. (2013) 50:123–9. doi: 10.1590/S0004-28032013000200021

 33. Chiorean MV, Pokhrel B, Adabala J, Helper DJ, Johnson CS, Juliar B. Incidence and risk factors for lymphoma in a single-center inflammatory bowel disease population. Dig Dis Sci. (2011) 56:1489–95. doi: 10.1007/s10620-010-1430-z

 34. de Francisco R, Castaño-García A, Martínez-González S, Pérez-Martínez I, González-Huerta AJ, Morais LR, et al. Impact of Epstein-Barr virus serological status on clinical outcomes in adult patients with inflammatory bowel disease. Aliment Pharmacol Ther. (2018) 48:723–30. doi: 10.1111/apt.14933

 35. Farrell RJ, Ang Y, Kileen P, O'Briain DS, Kelleher D, Keeling PWN, et al. Increased incidence of non-Hodgkin's lymphoma in inflammatory bowel disease patients on immunosuppressive therapy but overall risk is low. Gut. (2000) 47:514–9. doi: 10.1136/gut.47.4.514

 36. Fraser AG, Orchard TR, Robinson EM, Jewell DP. Long-term risk of malignancy after treatment of inflammatory bowel disease with azathioprine. Aliment Pharmacol Ther. (2002) 16:1225–32. doi: 10.1046/j.1365-2036.2002.01297.x

 37. Greenstein AJ, Gennuso R, Sachar DB, Heimann T, Smith H, Janowitz HD, et al. Extraintestinal cancers in inflammatory bowel disease. Cancer. (1985) 56:2914–21.

 38. Jess T, Winther KV, Munkholm P, Langholz E, Binder V. Intestinal and extra-intestinal cancer in Crohn's disease: follow-up of a population-based cohort in Copenhagen County, Denmark. Aliment Pharmacol Ther. (2004) 19:287–93. doi: 10.1111/j.1365-2036.2004.01858.x

 39. Jess T, Horváth-Puhó E, Fallingborg J, Rasmussen HH, Jacobsen BA. Cancer risk in inflammatory bowel disease according to patient phenotype and treatment: a Danish population-based cohort study. Am J Gastroenterol. (2013) 108:1869–76. doi: 10.1038/ajg.2013.249

 40. Jung YS, Han M, Park S, Kim WH, Cheon JH. Cancer risk in the early stages of inflammatory bowel disease in korean patients: a nationwide population-based study. J Crohns Colitis. (2017) 11:954–62. doi: 10.1093/ecco-jcc/jjx040

 41. Jussila A, Virta LJ, Pukkala E, Färkkilä MA. Malignancies in patients with inflammatory bowel disease: a nationwide register study in Finland. Scand J Gastroenterol. (2013) 48:1405–13. doi: 10.3109/00365521.2013.846402

 42. Khan N, Abbas AM, Lichtenstein GR, Loftus EV Jr, Bazzano LA. Risk of lymphoma in patients with ulcerative colitis treated with thiopurines: a nationwide retrospective cohort study. Gastroenterology. (2013) 145:1007–15.e3. doi: 10.1053/j.gastro.2013.07.035

 43. Khan N, Vallarino C, Lissoos T, Darr U, Luo M. Risk of malignancy in a nationwide cohort of elderly inflammatory bowel disease patients. Drugs Aging. (2017) 34:859–68. doi: 10.1007/s40266-017-0498-y

 44. Kobayashi T, Uda A, Udagawa E, Hibi T. Lack of increased risk of lymphoma by thiopurines or biologics in japanese patients with inflammatory bowel disease: a large-scale administrative database analysis. J Crohns Colitis. (2020) 14:617–23. doi: 10.1093/ecco-jcc/jjz204

 45. Kopylov U, Vutcovici M, Kezouh A, Seidman E, Bitton A, Afif W. Risk of lymphoma, colorectal and skin cancer in patients with IBD treated with immunomodulators and biologics: a Quebec claims database study. Inflamm Bowel Dis. (2015) 21:1847–53. doi: 10.1097/MIB.0000000000000457

 46. Lakatos L, Golovics PA, Lovasz BD, Erderlyi Z, Mester G, Balogh M, et al. Sa1247 Low risk of lymphoma in inflammatory bowel diseases in Western Hungary. Results from a population-based incident cohort. Gastroenterology. (2012) 142(5, Suppl. 1):S-253. doi: 10.1016/S0016-5085(12)60954-8

 47. Madanchi M, Zeitz J, Barthel C, Samaras P, Scharl S, Sulz MC„ et al. Malignancies in patients with inflammatory bowel disease: a single-centre experience. Digestion. (2016) 94:1–8. doi: 10.1159/000447259

 48. Mellemkjaer L, Johansen C, Gridley G, Linet MS, Kjaer SK, Olsen JH. Crohn's disease and cancer risk (Denmark). Cancer Causes Control. (2000) 11:145–50. doi: 10.1023/A:1008988215904

 49. Mizushima T, Ohno Y, Nakajima K, Kai Y, Iijima H, Sekimoto M, et al. Malignancy in Crohn's disease: incidence and clinical characteristics in Japan. Digestion. (2010) 81:265–70. doi: 10.1159/000273784

 50. Palli D, Trallori G, Bagnoli S, Saieva C, Tarantino O, Ceroti M, et al. Hodgkin's disease risk is increased in patients with ulcerative colitis. Gastroenterology. (2000) 119:647–53. doi: 10.1053/gast.2000.16487

 51. Ranjan MK, Kante B, Vuyyuru SK, Kumar P, Mundhra SK, Golla R, et al. Minimal risk of lymphoma and non-melanoma skin cancer despite long-term use of thiopurines in patients with inflammatory bowel disease: a longitudinal cohort analysis from northern India. J Gastroenterol Hepatol. (2022) 37:1544–53. doi: 10.1111/jgh.15880

 52. Scharl S, Barthel C, Rossel JB, Biedermann L, Misselwitz B, Schoepfer AM, et al. Malignancies in inflammatory bowel disease: frequency, incidence and risk factors-results from the Swiss IBD cohort study. Am J Gastroenterol. (2019) 114:116–26. doi: 10.1038/s41395-018-0360-9

 53. van den Heuvel TR, Wintjens DS, Jeuring SF, Wassink MHH, Romberg-Camps MJLL, Oostenbrug LE, et al. Inflammatory bowel disease, cancer and medication: cancer risk in the Dutch population-based IBDSL cohort. Int J Cancer. (2016) 139:1270–80. doi: 10.1002/ijc.30183

 54. Van Domselaar M, López San Román A, Bastos Oreiro M, Garrido Gómez E. Trastornos linfoproliferativos en una unidad de enfermedad inflamatoria intestinal [Lymphoproliferative disorders in an inflammatory bowel disease unit]. Gastroenterol Hepatol. (2010) 33:12–16. doi: 10.1016/j.gastrohep.2009.09.002

 55. Winther KV, Jess T, Langholz E, Munkholm P, Binder V. Long-term risk of cancer in ulcerative colitis: a population-based cohort study from Copenhagen County. Clin Gastroenterol Hepatol. (2004) 2:1088–95. doi: 10.1016/S1542-3565(04)00543-9

 56. Yano Y, Matsui T, Hirai F, Okado Y, Sato Y, Tsurumi K, et al. Cancer risk in Japanese Crohn's disease patients: investigation of the standardized incidence ratio. J Gastroenterol Hepatol. (2013) 28:1300–5. doi: 10.1111/jgh.12189

 57. Lewis JD, Bilker WB, Brensinger C, Deren JJ, Vaughn DJ, Strom BL. Inflammatory bowel disease is not associated with an increased risk of lymphoma. Gastroenterology. (2001) 121:1080–7. doi: 10.1053/gast.2001.28703

 58. Tazi Mezalek Z, Bourkia M, Habib Allah S, et al. Inflammatory bowel disease and Hodgkin's lymphoma: two new observations. Blood. (2018) 132(Suppl. 1):5353. doi: 10.1182/blood-2018-99-110615

 59. Guerra I, Bujanda L, Mañosa M, Pérez-Martínez I, José Casanova M, de la Peña L, et al. Clinical presentation, management, and evolution of lymphomas in patients with inflammatory bowel disease: an ENEIDA registry study. Cancers. (2023) 15:750. doi: 10.3390/cancers15030750

 60. Annese V, Beaugerie L, Egan L, Biancone L, Bolling C, Brandts C, et al. European evidence-based consensus: inflammatory bowel disease and malignancies. J Crohns Colitis. (2015) 9:945–65. doi: 10.1093/ecco-jcc/jjv141

 61. Axelrad JE, Roy A, Lawlor G, Korelitz B, Lichtiger S. Thiopurines and inflammatory bowel disease: current evidence and a historical perspective. World J Gastroenterol. (2016) 22:10103–17. doi: 10.3748/wjg.v22.i46.10103

 62. Armstrong RG, West J, Card TR. Risk of cancer in inflammatory bowel disease treated with azathioprine: a UK population-based case-control study. Am J Gastroenterol. (2010) 105:1604–9. doi: 10.1038/ajg.2009.745

 63. Aggarwal BB, Gupta SC, Kim JH. Historical perspectives on tumor necrosis factor and its superfamily: 25 years later, a golden journey. Blood. (2012) 119:651–65. doi: 10.1182/blood-2011-04-325225

 64. Nocturne G, Boudaoud S, Ly B, Pascaud J, Paoletti A, Mariette X. Impact of anti-TNF therapy on NK cells function and on immu-nosurveillance against B-cell lymphomas. J Autoimmun. (2017) 80:56–64. doi: 10.1016/j.jaut.2017.02.001

 65. Levhar N, Ungar B, Kopylov U, Fudim E, Yavzori M, Picard O, et al. Propagation of EBV-driven lymphomatous transformation of peripheral blood B cells by immu-nomodulators and biologics used in the treatment of inflammatory bowel disease. Inflamm Bowel Dis. (2020) 26:1330–9. doi: 10.1093/ibd/izaa065

 66. D'Haens G, Reinisch W, Colombel JF, Panes J, Ghosh S, Prantera C, et al. Five-year safety data from ENCORE, a European observational safety registry for adults with crohn's disease treated with infliximab [Remicade®] or conventional therapy. J Crohns Colitis. (2017) 11:680–9. doi: 10.1093/ecco-jcc/jjw221

 67. Chupin A, Perduca V, Meyer A, Bellanger C, Carbonnel F, Dong C. Systematic review with meta-analysis: comparative risk of lymphoma with anti-tumour necrosis factor agents and/or thiopurines in patients with inflammatory bowel disease. Aliment Pharmacol Ther. (2020) 52:1289–97. doi: 10.1111/apt.16050

 68. Qiu P, Ishimoto T, Fu L, Zhang J, Zhang Z, Liu Y. The gut microbiota in inflammatory bowel disease. Front Cell Infect Microbiol. (2022) 12:733992. doi: 10.3389/fcimb.2022.733992

 69. Reddy BS, Mangat S, Weisburger JH, Wynder EL. Effect of high-risk diets for colon carcinogenesis on intestinal mucosal and bacterial beta-glucuronidase activity in F344 rats. Cancer Res. (1977) 37:3533–6.

 70. Takada H, Hirooka T, Hiramatsu Y, Yamamoto M. Effect of beta-glucuronidase inhibitor on azoxymethane-induced colonic carcinogenesis in rats. Cancer Res. (1982) 42:331–4.

 71. Knasmüller S, Steinkellner H, Hirschl AM, Rabot S, Nobis EC, Kassie F. Impact of bacteria in dairy products and of the intestinal microflora on the genotoxic and carcinogenic effects of heterocyclic aromatic amines. Mutat Res. (2001) 480–1:129–38. doi: 10.1016/S0027-5107(01)00176-2

 72. Shi Z, Zhang M. Emerging roles for the gut microbiome in lymphoid neoplasms. Clin Med Insights Oncol. (2021) 15:117955492110241. doi: 10.1177/11795549211024197

 73. Wotherspoon AC, Ortiz-Hidalgo C, Falzon MR, Isaacson PG. Helicobacter pylori-associated gastritis and primary B-cell gastric lymphoma. Lancet. (1991) 338:1175–6. doi: 10.1016/0140-6736(91)92035-Z

 74. Ferrero RL, Avé P, Radcliff FJ, Labigne A, Huerre MR. Outbred mice with long-term Helicobacter felis infection develop both gastric lymphoid tissue and glandular hyperplastic lesions. J Pathol. (2000) 191:333–40. doi: 10.1002/1096-9896(2000)9999:9999&lt;::AID-PATH619&gt;3.0.CO;2-H

 75. Enno A, O'Rourke JL, Howlett CR, Jack A, Dixon MF, Lee A. MALToma-like lesions in the murine gastric mucosa after long-term infection with Helicobacter felis. A mouse model of Helicobacter pylori-induced gastric lymphoma. Am J Pathol. (1995) 147:217–222.

 76. Kinlen L. Evidence for an infective cause of childhood leukaemia: comparison of a Scottish new town with nuclear reprocessing sites in Britain. Lancet. (1988) 2:1323–7. doi: 10.1016/S0140-6736(88)90867-7

 77. Martín-Lorenzo A, Hauer J, Vicente-Dueñas C, Auer F, González-Herrero I, García-Ramírez I, et al. Infection exposure is a causal factor in B-cell precursor acute lymphoblastic leukemia as a result of Pax5-inherited susceptibility. Cancer Discov. (2015) 5:1328–43. doi: 10.1158/2159-8290.CD-15-0892



OPS/images/fmed-10-1172634-g013.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Incidence of lymphomas in inflammatory bowel disease: report of an emblematic case, systematic review, and meta-analysis



		1. Introduction



		2. Case report



		3. Methods



		3.1. Search strategy and selection of studies



		3.2. Eligibility criteria



		3.3. Critical assessment of studies and collection of data



		3.4. Study heterogeneity and risk of bias assessment



		3.5. Statistical analysis







		4. Results



		4.1. Overall incidence of lymphomas in the IBD population



		4.2. Influence of medical therapy on lymphoma occurrence



		4.3. Heterogeneity and risk of bias assessment







		5. Discussion



		Data availability statement



		Author contributions



		Conflict of interest



		Publisher's note



		Footnotes



		References

















OPS/images/fmed-10-1172634-g012.gif





OPS/images/fmed-10-1172634-t002.jpg
References Country Male-to- Diagnosis  Observed Incidence  Standard 95% Cl 95% Cl

female lymphomas rate error lower upper
ratio (n) bound bound
Abbas et al. (27) Canada N/A uc 282 80.0 48 70.7 89.3
Beaugerie etal. (6) France 3/3 IBD 6 26.4 10.8 53 47.5
CD 3 27.5 159 -3.6 58.6
uc 3 254 14.7 —33 54.1
Bernstein et al. (28) Canada N/A IBD 16 39.9 9.8 19.9 58.1
CD 2} 422 11.7 14.6 69.8
uc 7 35.6 158 9.2 62.0
Biancone et al. (29) Ttaly N/A IBD 6 45 183 9 81
CD 6 91 372 18 164
uc 0 0.0 0.0 37
Biancone et al. (30) Italy 912 IBD 11 45 13.77 18 72
CD 11 89 273 36 143
uc 0 0.0 0.0 3.7
Caini etal. (31) Italy N/A IBD 2 97.2 59.2 0.0 232
CD 0 0.0 0.0 37
uc 2 13.0 79 0.0 31
Campos et al. (32) Brasil 3/0 CD 2 43 5.86 0.0 23
uc 1 15.8 3.06 0.0 12
Chiorean et al. (33) USA 5/3 IBD 8 26.6 9.4 82 45.0
CD 5 26.1 11.7 32 49.0
uc 3 27.3 15.8 -36 58.2
de Francisco et al. Spain 3/3 IBD 6 89 34.4 17 160
(34)
CD 5 12 548 L5 23
uc 1 33 255 0 100
Farrell et al. (35) Ireland 3/1 IBD 4 64.0 32.0 1.3 126.7
Fraser etal. (36) New 4/1 IBD 5 9.0 4.0 L1 16.9
Zealand
CD 1 4.87 49 —4,7 14.4
uc 4 115 58 0.2 22.8
Greenstein et al. USA 5/1 IBD 6 13.9 57 2.7 25
(€2]
CD 3 11.1 6.04 0.0 237
uc 3 18.6 10.1 0.0 39.6
Herrinton et al. (9) USA 28/5 IBD 33 48.6 8.5 320 65.2
Jess etal. (38) Denmark 0 CD 0 0.00 0.0 3.7
Jess etal. (39) Denmark N/A IBD 15 443 114 21.9 66.7
CD 7 62.2 23.5 16.1 108.3
uc 8 354 12.5 10.9 59.9
Jung etal. (40) Korea 0/5 IBD 5 16.3 7.32 2 30.7
CD 3
uc 2
Jussila etal. (41) Finland 41/17 IBD 72 31.0 37 23.8 38.2
CD 14 27.0 7.2 12.9 41.1
uc 58 32.1 42 238 40.4
Khan et al. (42) USA 119/0 uc 119 60.0 55 49.2 70.8
Khan et al. (43) UsA N/A IBD 65 50 6.3 38 63
Kobayashi et al. (44) Japan N/A IBD 103 54 5.38 43.9 65
Kopylov etal. (45) Canada 0/59 IBD 121 12 1.02 10 14
Lakatos et al. (46) IBD 3 15.5 8.9 -=20 33.0
CD 1 14.1 14.1 —135 41.7
uc 2 15.6 11.0 —6.0 37.2
Lemaitre et al. (13) France 192/144 IBD 336 26.5 1.53 23 29
Lewis etal. (57) UK 718 IBD 18 28.0 6.6 15.1 40.9
CD 7 289 109 7.5 50.3
uc 11 27.5 83 11.2 43.8
Loftus etal. (11) USA N/A IBD 1 15.0 15.0 —14.4 44.4
CD 1 320 320 =307 94.7
uc 0 0 0.0 37
Madanchi et al. (47) Switzerland N/A IBD 5 32 142 4 60
CD 4 43 219 0.8 87
uc 1 158 117 0.0 46
Mellemkjeer et al. Denmark N/A CD 4 17.5 8.8 0.4 347
(“8)
Mizushima et al. Japan 0 CD 0 0.0 0.0 3.7
(49)
Palli etal. (50) Italy 32 IBD 7 66.0 249 17.1 114.9
CD 1 36.8 36.8 —35.3 108.8
uc 6 76.2 311 152 137.2
Pasternak etal. (4) Denmark N/A IBD 46 15.1 22 10.7 19.5
Ranjan etal. (51) India 0 IBD 0 0.0 0.0 37
CD 0 0.0 3.7
uc 0 0.0 3.7
Scharl etal. (52) Switzerland N/A IBD 103 33.02 326 266 39.4
van den Heuvel Netherland: N/A IBD 3
etal. (53)
‘Van Domselaar Spain 512 IBD 7 81.7 309 212 142.2
etal. (54)
‘Winther etal. (55) New N/A uc 2 17.9 12.7 —69 42.8
Zealand
Yano et al. (56) Japan 0 CD 0 0.0 0.0 3.7






OPS/images/fmed-10-1172634-t001.jpg
efere e (e} a a d Perso o atie Diagho ge o Biolog
ea desig ea A e e
Abbas etal. (27) Am ] Gastroenterol 2012 Retrospective 3,52,429 11.0 32,039 ucC 0 0
cohort
Beaugerie et al. (6) Lancet 2009 Prospective 22,706 3.0 10,810 IBD 0 0
cohort
10,899 5153 CD 0 0
11,807 5,657 uc 0 0
Bernstein et al. (28) Cancer 2001 Case-control 41,005 14.0 5,529 IBD 0 0
21,340 2,857 CD 0 0
19,665 2,672 ucC 0 0
Biancone et al. (29) J Crohn’s Colitis 2016 Case-control 1,32,507 3.0 44,619 IBD
65,859 21,953 CD 0.75
67,998 22,666 uc 0.07
Biancone et al. (30) Inflamm Bowel Dis 2020 Case-control 2,418 403 IBD
1,224 204 CD 59.3
1,134 199 ucC 20.6
Cainietal. (31) Alimentary Tract 2016 Prospective 20,509 223 920 IBD
cohort
5,128 231 CD
15,381 689 uc
Campos et al. (32) Arquivos 2013 Retrospective 8,442 10.5 804 CD
Gastroenterol cohort
7,708 9.6 803 uc
Chiorean etal. (33) Dig Dis Sci 2011 30,121 8.4 3,585 IBD
19,127 2,277 CD
10,994 1,308 ucC
de Francisco et al. Alimentary 2018 Prospective 6,732 4.54 1,483 IBD 0.06 0.94 0.2
(34) Paharmacol Ther cohort
3,941 769 CD 30.0 12.7 1.82
2,955 651 uc 1.84 32.7 16.1
Farrell etal. (35) Gut 2000 6,256 9.0 782 IBD 30
Fraser et al. (36) Aliment Pharmacol 2002 Retrospective 55,388 350 1,578 IBD 0 0
Ther cohort
20,494 584 CD 0 0
34,894 994 uc 0 0
Greenstein et al. Cancer 1985 Retrospective 43,142 220 1,961 IBD
37) cohort
26,994 1,227 CD
16,148 734 uc
Herrinton et al. (9) Am ] Gastroenterol 2011 67,867 13.0 16,023 IBD 0 0
Jess etal. (38) Aliment Pharmacol 2004 6,569 35.0 374 CD
Ther
Jess etal. (39) Am ] Gastroenterol 2013 Prospective 33,843 320 2211 IBD 272
cohort
11,261 774 CD 45
22,582 1,437 uc 18
Jung etal. (40) J Crohn’s Colitis 2017 39,582 2.0 15,921 IBD
11,578 5,506 CD 60.9 0.87
21048 9785 uc 18.8 0.54
Jussila etal. (41) Scand ] Gastroenterol 2013 2,32,526 20 20,970 IBD
51,876 4,983 CD
1,80,660 15,987 uc
Khan et al. (42) Gastroenterology 2013 Retrospective 1,99,046 10.0 36,891 uc 0 0
cohort
Khan et al. (43) Drugs Aging 2017 Retrospective 127,518 20 63,759 IBD 19.3 17.0
cohort
28,322 CD 24.1 26.5
35,437 ucC 15.5 9.45
Kobayashi etal. (44) | J Crohn’s Colitis 2020 1,89,182 25 75,673 IBD 9.3 8.0
Kopylov et al. (45) Inflamm Bowel Dise 2015 Case-control 50 19,582 IBD 89 0.73
Lakatos et al. (46) J Crohn’s Colitis 2012 Prospective 19,293 31.0 1,420 IBD 22.8 0 0
cohort
7,093 506 CD 41.3 0 0
12830 914 uc 4.2 0 0
Lemaitre etal. (13) JAMA 2017 12,68,236 67 1,89,289 IBD 0.18
6,40,097 95,537 CD 34.0
6,28,138 93,752 uc 19.1
Lewis etal. (57) Gastroenterology 2001 Retrospective 64,239 9.0 16,996 IBD 9.5
Cohort
24,221 6,605 CD 6.7 13
40,018 10,391 uc 5.0 6.0
Loftus etal. (11) Am ] Gastroenterol 2000 6,662 53.0 454 IBD
3,150 216 CD
3,512 238 uc
Madanchi et al. (47) Digestion 2016 Retrospective 154 7.0 22 IBD
cohort
91 13 CD 61.5
63 9 uc 77.7
Mellemkjeer et al. Cancer Causes Control 2000 22,875 16.0 2,645 CD
(48)
Mizushima et al. Digestion 2010 4,248 20.0 294 CD
(49)
Palli et al. (50) Gastroenterology 2000 10,592 19.0 920 IBD
2,716 231 CD
7,877 689 uc
Pasternak et al. (4) Am ] Epidemiol 2013 Prospective 3,04,992 11.0 38,772 IBD 4.0 0 0
cohort
Ranjan etal. (51) J Gastroenterol 2022 Retrospective 7,651 7.0 1,093 IBD
Hepatol Cohort
2,135 305 CD
5,516 788 uc
Scharl et al. (52) Am ] Gastroenterol 2019 Retrospective 3,119 IBD 15.1 312 30
cohort
1,777 CD 40.5 33.7 12.3
1,342 uc 10.4 28 535
van den Heuvel 1Jjc 2016 Prospective 2,801 IBD 317
etal. (53) cohort
10,705 92 1,157 CD
16,193 9.8 1,644 uc
Van Domsellaar J Gastroenterol 2010 Prospective 8,563 911 IBD
etal. (54) Hepatol cohort
Winther et al. (55) Clin Gastroenterol 2004 22,290 35.0 1,160 uc
Hepatol
Yano et al. (56) J Gastroenterol 2013 10,552 25.0 770 CD

Hepatol






OPS/images/fmed-10-1172634-g011.gif





OPS/images/fmed-10-1172634-g010.gif
— — .
- (LI SR
— g UL
— R LRI
— -
- ——————

L L L

Do not favor lymphoma onset










OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Medicine





OPS/images/fmed-10-1172634-g005.gif





OPS/images/fmed-10-1172634-g006.gif
[—
P e
Py e [
prtasstiertey
p— Foro o
oy s
ey
[ ——
gt )
pe—r——— i
o oot
o
s






OPS/images/fmed-10-1172634-g003.gif





OPS/images/fmed-10-1172634-g004.gif





OPS/images/fmed-10-1172634-g009.gif
INCIDENCE RATE





OPS/images/fmed-10-1172634-g007.gif
INCIDENCE RAT






OPS/images/fmed-10-1172634-g008.gif





OPS/images/cover.jpg
@ frontiers | Frontiers in Medicine

Incidence of lymphomas in
inflammatory bowel disease:
report of an emblematic case,

systematic review, and
meta-analysis





OPS/images/fmed-10-1172634-g001.gif





OPS/images/fmed-10-1172634-g002.gif





