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Abstract

Background

Various immune-mediated diseases are associated with increased malignancy risks. How-

ever, the relationship between Behçet’s disease (BD) and cancer remains unclear. We con-

ducted a nationwide, population-based study to determine the risk of cancer in patients with

BD.

Methods

Using National Health Insurance claims records, we collected data from 2402 patients diag-

nosed with BD between 2013 and 2014. Standardized incidence ratios (SIRs) of overall and

site-specific cancers in patients with BD in comparison with the general population were

calculated.

Results

The risks of overall cancer (SIR, 3.54; 95% confidence interval, 2.35–5.11 in men and 2.17;

1.58–2.92 in women) and solid cancer (3.10; 1.94–4.69 in men and 2.13; 1.52–2.90 in

women) were greater in patients with BD than in the general population. There were signifi-

cantly increased risks for these solid cancers: colorectal (4.26; 1.38–9.94), liver (4.00; 1.09–

10.25), bone/articular cartilage (55.66; 1.41–310.14), prostate (7.05; 1.45–20.60), and

brain/central nervous system (28.32; 3.43–102.31) in men; and the lips/oral cavity/pharynx

(13.97, 1.69–50.47), liver (12.78; 5.14–26.33), lungs (4.35; 1.18–11.13), other female geni-

tal organs (53.57; 1.36–298.49), and eyes (128.26; 3.24–714.59) in women. Patients with

BD had a greater risk of myelodysplastic syndrome (MDS) than the general population did

(65.72; 7.96–237.41 in men and 53.86; 11.11–157.40 in women), but not of hematological

cancer.
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Conclusions

Compared to the general population, Korean patients with BD had greater risks of overall

cancer, some solid cancers, and MDS, but not of hematological cancer.

Introduction

Behçet’s disease (BD) is a chronic, multisystemic, immune-mediated disorder that is character-

ized by recurrent oral and/or genital ulcers, arthritis, and skin manifestations, as well as ocular,

vascular, neurological, or intestinal involvement [1,2]. Autoimmunity and chronic inflamma-

tion are associated with malignancy development [3–5]. Immune-mediated diseases, which

result from a dysregulated immune response, often cause chronic inflammation [3,4]. Chronic

and unregulated inflammation can cause malignant cell transformation and carcinogenesis

through inflammation-related mechanisms [3,4]. Chronic exposure of inflammatory media-

tors, including metabolites of arachidonic acids, cytokines, chemokines, and free radicals,

leads to increased cell proliferation, mutagenesis, oncogene activation, and angiogenesis [3,4].

Several epidemiological studies have evaluated the relationships between a variety of sys-

temic autoimmune rheumatic diseases and cancer, and the studies have demonstrated that

rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), Sjögren’s syndrome, systemic

sclerosis, and dermatomyositis, are associated with an increased risk of malignancy, especially

lymphoma [5–9]. BD has also been reported to be sporadically associated with malignancy

[10,11]. In particular, BD has been reported to be associated with hematological cancers in

addition to bone marrow failure, such as myelodysplastic syndrome (MDS) and aplastic ane-

mia (AA) [10–13]. Given that organs commonly involved in BD include the oral cavity, genita-

lia, skin, and eye and that BD recurrently induces chronic inflammation of these organs, BD

may also confer a high risk of cancer in these organs. However, data on the relationship

between BD and solid cancers are very scarce. Moreover, most previous studies investigating

the associations between BD and cancer were case reports or hospital-based chart reviews with

inconsistent results [10,11,14]. Thus, based on current evidence, it is difficult to conclude that

BD itself increases the risk of cancer development.

To clarify the relationship between BD and cancer risk, we conducted a nationwide, popu-

lation-based study to compare the overall and site-specific cancer risks in patients with BD

against those in the general population using national insurance claims data in Korea.

Material and methods

Data source

As the Korean government operates a mandatory nationwide insurance system (National

Health Insurance; NHI), all health care utilization information is registered under a compre-

hensive database operated by the Health Insurance and Review Agency (HIRA). Using the

HIRA database allowed us to provide estimates based on the occurrence of events in unse-

lected patient populations representing the whole spectrum of disease extent and severity.

This study used data from the NHI, which provides mandatory universal health insurance

that covers all forms of health services, including hospitalization, ambulatory care, and phar-

maceutical services. Medical institutions submit health care utilization information in elec-

tronic format for reimbursement purposes, and this information is integrated into the HIRA

claims database, which covers the entire population of Korea (about 51 million people). The
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database contains information on all patients, including demographic characteristics, ambula-

tory care history, principal diagnosis and comorbidities using the International Classification

of Diseases, 10th revision (ICD-10), prescriptions, and procedures.

Beginning in 2006, the NHI initiated a registration program for 138 rare intractable diseases

(RIDs), including BD, in order to subsidize the medical expenses of patients with RIDs.

Through the RID program, the Korean government covers 90% of the hospital expenses for

patients with RIDs so that those patients pay for only 10% of their hospital expenses. Consider-

ing these medical benefits, a diagnosis of BD is not likely to be missed in the RID system. Addi-

tionally, the diagnosis must be made based on very strict diagnostic criteria provided by the

RID system and must be reviewed by the corresponding healthcare institution before being

submitted to the NHI. Thus, data regarding RIDs are verified and reliable. Our study only

included cases of BD certified as RIDs in the HIRA claims database.

Patient identification

Patients identified as having BD in HIRA from January 2011 to December 2015 were included

in this study. In the RID program, BD was diagnosed using the International Study Group

diagnostic criteria for BD (recurrent oral ulcerations plus two of the following criteria: recur-

rent genital ulcerations, eye lesions, skin lesions, and positive pathergy test) [2]. To increase

the diagnostic accuracy of BD, BD was determined in cases that met both the appropriate diag-

nostic code (ICD-10 code: M35.2) and the RID code (V139). The date of initial registration in

the RID program during the study period was regarded as the date of BD diagnosis.

Ascertainment of cancer incidence rates

Cancer occurrence in BD patients was ascertained using the NHI database. For the compari-

son with the cancer incidence rates in the general population, we used the national database of

The Korea Central Cancer Registry (KCCR) that covers the entire population in Korea [15].

Besides all incident cases of cancer (ICD-10: C00-C96), we also investigated the number of

incident cases of MDS (ICD-10: D46) and AA (ICD-10: D61) because several previous studies

have reported that BD is associated with these hematological diseases [10–12].

Statistical analysis

The source population for this study consisted of all patients with NHI claims data between

2011 and 2015. Because the inclusion of previous prevalent cases may confound the incidence,

we applied a washout period of 2 years by excluding the patients that had any claim record for

BD during these 2 years in recognition of these cases as prevalent rather than incident cases.

To ensure accurate diagnosis, an incident case for BD was defined as a patient registered for

BD for 2 years in a row. Thus, we could assess the incidence of BD between 2013 and 2014.

The incidence rate was defined as the number of incident cases in the corresponding year per

100,000 people using the mid-year population size (resident registration population on July 1

of each year). Age and sex-specific incidence rates were calculated by dividing the number of

cases in age- and sex-stratified groups by the corresponding age- and sex-specific population

and was expressed as cases per 100,000 people.

To determine whether patients with BD had a greater risk of developing cancer than did

the general population, we calculated the standardized incidence ratio (SIR, a ratio of observed

to expected cancers) of overall and site-specific cancers in patients with BD. The number of

observed cancer cases used only newly diagnosed cancer cases. The KCCR provides informa-

tion on the general population’s incidence rate of cancer in 10-year age intervals, from age 0 to

99 years. Using the sex- and age-specific incidence rates of the general population from KCCR
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data, the observed and expected numbers of cases in BD patients were calculated by sex- and

age-specific groups. The number of expected cancer cases was calculated by multiplying the

age-specific cancer incidence rate of the general population from 2013 and the person-years of

patients with BD. The 95% confidence intervals (CIs) for the SIRs were calculated using Pois-

son’s distribution.

To investigate the association between medication and the risk of cancer incidence, a nested

case control analysis was used, which would avoid the length bias produced by a regular case

control analysis and would match exposure durations of cases and controls. We also matched

the diagnosis dates of BD to avoid temporal bias. For each subject who developed cancer dur-

ing the follow-up period, four cancer-free subjects were randomly selected and matched to

each cancer case with the same sex, age and diagnosis date of BD. We then examined whether

the cases and controls used medications during the period beginning with the diagnosis of BD

and ending with each case’s respective cancer diagnosis date (for controls, their matching

case’s respective cancer diagnosis date). Taking into account the matched case control data

structure, we used conditional logistic regression to estimate the OR and corresponding 95%

CIs. SAS Enterprise Guide [SAS Institute, Inc.] was used for all statistical analyses. P values less

than 0.05 were considered statistically significant.

Ethical considerations

All identifiable personal information in medical records was de-identified to comply with the

privacy rule of the Health Insurance Portability and Accountability Act. In addition, as the

information in the HIRA database is encrypted, the database does not contain personal identi-

fiers. This study protocol was approved by the Institutional Review Board of Severance Hospi-

tal, Yonsei University College of Medicine (IRB No.4-2016-1135).

Results

Study population and incidence

The baseline characteristics of the study population are presented in Table 1. Overall, 2402

patients with BD were newly diagnosed between 2013 and 2014. The mean age at diagnosis

was 44.5 ± 13.1 years, and the male-to-female ratio was 0.54. The proportion of patients diag-

nosed with BD was highest in the 40–49 year age group (29.4%). Among all incident cases,

2178 (90.7%), 1,986 (82.7%), 373 (15.5%), 599 (24.9%), 662 (27.6%), and 30 (1.2%) were pre-

scribed corticosteroids, colchicine, sulfasalazine, 5-aminosalicylic acid (ASA), thiopurine, and

tumor necrosis factor alpha (TNF-α) inhibitors (infliximab or adalimumab) during the follow-

up period. Of the 30 patient who received TNF-α inhibitors, 13 (0.5%) were treated using

infliximab, and 19 (0.8%) were treated using adalimumab.

The incidence of BD by sex and age group is shown in Fig 1. The incidences of BD in 2013

and 2014 were 2.44 and 2.30 per 100,000 person-years, respectively, with an average annual

incidence of 2.37 per 100,000 person-years. The average annual incidences of BD in men and

women were 1.67 and 3.07 per 100,000 person-years, respectively. The incidence of BD was

highest in the 40–44 year age group (4.27 per 100,000 person-years) and steadily decreased

thereafter.

Cancer risk in patients with Behçet’s disease

After excluding 89 patients with previous cancer, a total of 2313 patients with BD were

included in the cancer SIR analysis and followed-up until December 31, 2015. The 89 excluded

patients with previous cancers had 6 hematological cancers and 83 solid cancers (Fig 2). The
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2313 patients with BD were followed for 5854 person-years (median follow-up duration, 2.34

years; range, 0.12–4.99 years).

The SIRs of overall and site-specific cancers in patients with BD are presented in Table 2.

Among the 823 men with BD, 28 cancers were observed (vs. 7.91 expected), which resulted in

an increased overall cancer risk compared to that in the general population (SIR, 3.54; 95% CI,

2.35–5.11). Compared with those in the general population, men with BD had significantly

increased risks of colorectal cancer (CRC) (SIR, 4.26; 95% CI, 1.38–9.94), liver cancer (SIR,

4.00; 95% CI, 1.09–10.25), bone/articular cartilage cancer (SIR, 55.66; 95% CI, 1.41–310.14),

prostate cancer (SIR, 7.05; 95% CI, 1.45–20.60), and brain/central nervous system (CNS) can-

cer (SIR, 28.32; 95% CI, 3.43–102.31). Overall, 22 solid cancers were observed (vs. 7.11

expected), resulting in an increased overall solid cancer risk (SIR 3.10; 95% CI 1.94–4.69). On

the other hand, the risk of hematological cancer was not significantly higher in men with BD

(SIR, 2.58; 95% CI, 0.07–14.35); only one man with BD developed multiple myeloma vs. 0.04

expected (SIR, 22.44; 95% CI, 0.57–125.05).

Among the 1490 women with BD, 44 cancers were observed (vs. 20.24 expected), which

resulted in an increased overall cancer risk compared to that in the general population (SIR,

2.17; 95% CI, 1.58–2.92). Similar to men with BD, women with BD had a significantly

increased risk of overall solid cancer, but not of hematological cancer. Women with BD had

increased risks of lip/oral cavity/pharynx cancer (SIR, 13.97; 95% CI, 1.69–50.47), liver cancer

(SIR, 12.78; 95% CI, 5.14–26.33), lung cancer (SIR, 4.35; 95% CI, 1.18–11.13), other female

genital organ cancer (SIR, 53.57; 95% CI, 1.36–298.49), and eye cancer (SIR, 128.26; 95% CI,

3.24–714.59). Overall, 40 solid cancers were observed (vs. 18.79 expected), resulting in an

increased overall solid cancer risk (SIR, 2.13; 95% CI 1.52–2.90). However, none of women

with BD developed hematological cancer.

Table 1. Baseline characteristics of the study population.

Characteristic N (%)

Total population 2402

Men 847 (35.3)

Women 1555 (64.7)

Age at diagnosis (years; mean ± SD) 44.5 ± 13.1

<20 years 72 (3.0)

20–29 years 246 (10.2)

30–39 years 500 (20.8)

40–49 years 705 (29.4)

50–59 years 614 (25.6)

60–69 years 198 (8.2)

�70 years 67 (2.8)

Medication use

Corticosteroid 2,178 (90.7)

Colchicine 1,986 (82.7)

Sulfasalazine 373 (15.5)

5-ASA 599 (24.9)

Thiopurines 662 (27.6)

TNF- α inhibitors 30 (1.2)

Infliximab 13 (0.5)

Adalimumab 19 (0.8)

SD, standard deviation; 5-ASA, 5-aminosalicylic acid; TNF-α, tumor necrosis factor alpha

https://doi.org/10.1371/journal.pone.0190182.t001
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Because several studies have reported that BD is associated with MDS and AA [10–12], we

further investigated the risk of these diseases in patients with BD in the present study. Two

men and three women developed MDS; it followed that patients with BD had a significantly

greater risk of MDS than the general population did (vs. 0.03 expected; SIR, 65.72; 95% CI,

7.96–237.41 in men and vs. 0.06 expected; SIR, 53.86; 95% CI, 11.11–157.40 in women). The

SIR of AA in patients with BD was not calculated since the incidence rate of AA in the general

population was not available; nonetheless, we identified six patients (two men and four

women) who developed AA.

Risk of cancer according to medication use

The risk of solid cancer and overall cancer was lower in ever users of thiopurines than in never

users of this drug (OR, 0.28; 95% CI, 0.10–0.77 and 0.35; 0.14–0.86, respectively). However,

the use of sulfasalazine or 5-ASA was not associated with the risk of solid cancer (OR, 1.51;

95% CI, 0.72–3.15) or overall cancer (OR, 1.81; 95% CI, 0.93–3.53) (Table 3). Because none

with solid cancer or overall cancer used TNF-α inhibitors, we could not assess their associa-

tion. Also, because only one man with BD developed hematological cancer, we could not assess

the risk of hematological cancer according to medication use.

Discussion

In this first Korean population-based analysis of cancer risk in patients with BD, we found that

patients (both men and women) with BD had greater risks of overall cancer and solid cancer

Fig 1. Incidence of Behçet’s disease by sex and age group from 2013 to 2014.

https://doi.org/10.1371/journal.pone.0190182.g001
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compared to those in the general population. Men with BD had an increased risk of CRC, liver

cancer, bone/articular cartilage cancer, prostate cancer, and brain/CNS cancer. Women with

BD had an increased risk of lip/oral cavity/pharynx cancer, liver cancer, lung cancer, other

female genital organ cancer, and eye cancer. Patients (both men and women) with BD also had

a greater risk of MDS than did the general population. However, the risk of hematological can-

cer in patients with BD was not greater than that in the general population.

To date, few population-based studies have been conducted to determine the cancer risk

among patients with BD. Only two recent studies have investigated the cancer risk in patients

with BD at the population level in Taiwan [16,17]. Similar to our results, the Taiwan study of

1314 new BD patients identified between 2000 and 2009 demonstrated that patients with BD

had a greater risk of overall cancer (SIR 1.5, 95% CI 1.03–2.1) [16].

Given that BD is a chronic, multisystemic, immune-mediated disorder that is characterized

by oral, genital, skin, ocular, intestinal, and/or neurological involvement, it is interesting, but

not surprising, that we found that patients with BD had a greater risk of solid cancer than did

the general population. The increased risk in patients with BD was particularly evident for

solid cancers in organs that can be involved in BD (such as the colon and rectum, articular car-

tilage, and brain/CNS in men and the lips/oral cavity/pharynx, female genital organ, and eyes

Fig 2. Flow chart of the study process.

https://doi.org/10.1371/journal.pone.0190182.g002
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in women). A dysregulated immune response can cause chronic inflammation, which may in

turn, through inflammatory mediators, cause malignant cell transformation and carcinogene-

sis in involved organs [3,4]. Several studies have reported a relationship between BD and

hematologic cancers or diseases [10–13], whereas research on the association of BD with the

risk of solid cancer has been rare. A Chinese study involving 41 BD patients who developed

malignancies demonstrated that CRC was the most common solid tumor associated with BD

[10]. A Korean study reported that of 1769 patients with BD, 21 (1.2%) developed solid cancer,

Table 2. Risks of site-specific cancer in patients with Behçet’s disease.

Cancer (ICD-10 code) Men Women

Observed, n Expected, n SIR (95%CI) Observed, n Expected, n SIR (95%CI)

All cancer (C00–C96) 28 7.91 3.54 (2.35–5.11) 44 20.24 2.17 (1.58–2.92)

Solid cancer 22 7.11 3.10 (1.94–4.69) 40 18.79 2.13 (1.52–2.90)

Lip, oral cavity, and pharynx (C00–C14) - 2 0.14 13.97 (1.69–50.47)

Stomach (C16) 3 1.48 2.03 (0.42–5.93) 4 1.50 2.67 (0.73–6.82)

Colon and rectum (C18–C20) 5 1.17 4.26 (1.38–9.94) 2 1.61 1.24 (0.15–4.49)

Liver (C22) 4 1.00 4.00 (1.09–10.25) 7 0.55 12.78 (5.14–26.33)

Gallbladder (C23–C24) - 1 0.27 3.69 (0.09–20.54)

Pancreas (C25) 1 0.19 5.39 (0.14–30.03) 1 0.29 3.40 (0.09–18.94)

Lung (C33–C34) 1 0.82 1.22 (0.03–6.81) 4 0.92 4.35 (1.18–11.13)

Bone and articular cartilage (C40–C41) 1 0.02 55.66 (1.41–310.14) -

Skin (C43–C44) 1 0.13 7.95 (0.20–44.29) 1 0.28 3.55 (0.09–19.78)

Breast (C50) - 3 3.90 0.77 (0.16–2.25)

Cervix, uterus (C53) - 2 0.71 2.80 (0.34–10.12)

Other female genital organ (C57) - 1 0.02 53.57 (1.36–298.49)

Prostate (C61) 3 0.43 7.05 (1.45–20.60) -

Kidney (C64) - 1 0.23 4.41 (0.11–24.55)

Eye (C69) - 1 0.01 128.26 (3.24–714.59)

Brain and CNS (C70–C72) 2 0.07 28.32 (3.43–102.31) 1 0.13 7.50 (0.19–41.80)

Thyroid (C73) 1 0.95 1.05 (0.03–5.86) 9 7.45 1.21 (0.55–2.29)

Hematological cancer 1 0.39 2.58 (0.07–14.35)

Multiple myeloma (C90) 1 0.04 22.44 (0.57–125.05) -

Other (remaining cancer codes) 5 0.42 11.89 (3.86–27.75) 4 0.82 4.89 (1.33–12.52)

ICD-10, International Classification of Diseases, 10th revision; SIR, standardized incidence ratio; CI, confidence interval, CNS, central nervous system.

Bold text in this table indicates statistically significant results.

https://doi.org/10.1371/journal.pone.0190182.t002

Table 3. Risk of cancer according to medication use in patients with Behçet’s disease.

Solid cancer OR Overall cancer OR

Sulfasalazine or 5-ASA ever use

No 1 (Reference) 1 (Reference)

Yes 1.51 (0.72–3.15) 1.81 (0.93–3.53)

Thiopurines ever use

No 1 (Reference) 1 (Reference)

Yes 0.28 (0.10–0.77) 0.35 (0.14–0.86)

5-ASA, 5-aminosalicylic acid; OR, odds ratio

Bold text in this table indicates statistically significant results.

https://doi.org/10.1371/journal.pone.0190182.t003
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and thyroid cancer was the most common solid cancer occurring in patients with BD [11].

However, these two studies simply presented descriptive statistics for the most common solid

cancers among patients with BD; thus, based on their results, it was difficult to determine

whether patients with BD had a greater risk of those solid cancers than did people in the gen-

eral population. To date, only one study has reported an increased risk of certain solid cancers

in patients with BD at the population level. A Taiwan population-based study revealed that

women with BD had a greater risk of breast cancer than did the general population (SIR 2.2,

95% CI 1.004–4.1) [16]. Our study is the first to show that the risk of some solid cancers, espe-

cially cancers of organs that can be involved in BD, is higher in patients with BD than that in

the general population.

Contrary to the results for solid cancer, the risk of hematologic cancers was not greater in

patients with BD than that in the general population. Many previous studies have reported

greater risks of hematological cancers in patients with autoimmune diseases such as RA, SLE,

Sjögren’s syndrome, systemic sclerosis, and dermatomyositis [5–9]. Recently, two Taiwanese

population-based studies also demonstrated that patients with BD had a greater risk of hema-

tological malignancies (SIR, 4.2), especially non-Hodgkin’s lymphoma (SIR, 6.2–8.3) [16,17].

Immune-mediated diseases and hematological cancers have similar genetic susceptibilities and

environmental triggers (e.g., Epstein-Barr virus infection) [18], and they also share a common

pathogenesis. Several inflammatory cytokines, including tumor necrosis factor-α (TNF-α),

interferon-γ, interleukin (IL)-6, and IL-8, play a role in the pathogenesis of both immune-

mediated diseases and hematologic cancers [19–22]. These shared factors are thought to be

involved in the development of hematologic cancers in patients with immune-mediated dis-

eases. However, contrary to our expectation, only one of 2313 patients with BD in the present

study developed hematological cancer (multiple myeloma), and BD was not significantly asso-

ciated with a greater risk of hematologic cancer. The main reason for this unexpected result

may be that the follow-up period in the present study was too short (median, 2.34 years). In

the future, long-term studies are needed to clarify the causal relationship between BD and

hematological cancer.

However, based on our results, it is difficult to conclude that BD does not increase the risk

of hematological cancer because the risk of MDS, which can progress to acute myeloid leuke-

mia [23], was significantly greater in patients with BD than that in the general population.

Moreover, the risk of MDS was much greater in comparison to that of other significant solid

cancers (SIR, 65.7 in men and SIR, 53.9 in women). Several previous studies have also reported

that BD is associated with MDS [10–13]. Furthermore, a review of the literature reported that

MDS is markedly more common than leukemia is in Japanese BD patients [12]. Cytogenetic

aberrations, especially trisomy 8, are thought to play an important role in the pathogenesis of

BD associated with MDS. Of the cytogenetic abnormalities, trisomy 8 has been reported to be

most common, occurring in 64–87% of patients with BD associated with MDS [12,13]. How-

ever, all of the previous studies regarding BD associated with MDS were case reports or hospi-

tal-based studies. Our study is meaningful in that it is the first population-based study to show

that BD increases the risk of MDS.

In the present study, the use of thiopurines was associated with lower solid and overall can-

cer risk in patients with BD. Our results may be in accord with findings of studies of patients

with inflammatory bowel disease (IBD). Some studies have shown that immunomodulators

reduce the risk of colorectal cancer by suppressing intestinal inflammation in patients with

IBD [24,25]. Similar to patients with IBD, immunomodulators may reduce the risk of solid

cancer by suppressing the inflammation of the affected organ in patients with BD. Several

other studies have reported that immunomodulators may increase the risk of hematological

cancers [26]. However, we could not assess the relationship between the use of thiopurines and
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the risk of hematological cancers because only one patient developed hematological cancer. In

our study, the follow-up duration was too short to thoroughly evaluate the effect of medication

use on risk of cancer. Future extended, long-term studies are required to elucidate the effects

of use of medication including thiopurines and TNF-α inhibitors on cancer development.

Our study had several limitations. First, we did not verify the diagnostic accuracy of BD.

As we used insurance claims data, it is possible that some patients with BD were missed or

that patients without BD had been misdiagnosed. To overcome this limitation, we only

included cases that met the RID code as well as the BD diagnostic code. Given that patients

can be registered in the RID system only if they meet strict diagnostic criteria, BD is not

likely to be misdiagnosed. In addition, given the medical benefits provided by the RID pro-

gram, a diagnosis of BD is not likely to be missed. Therefore, we believe that the definition of

BD diagnosis in the present study was reliable. Second, since we used administrative data, we

could not obtain information on symptoms or signs of BD and the organs that were involved.

For example, patients with intestinal involvement may have a greater risk of CRC and

patients with neurological involvement may have a greater risk of brain/CNS cancer. How-

ever, we could not evaluate the cancer risk according to the involved organs. Third, the dura-

tion of follow-up was too short to assess completely the development of BD-associated

cancers. We could evaluate cancer risk in the early stages of the disease, but not the long-

term cancer risk. Nevertheless, our study showed that patients with BD had an increased risk

of overall cancer, solid cancers, and MDS in the early stages of the disease. Many patients

with BD may have symptoms of BD, such as recurrent oral ulcers, before an objective diag-

nosis is made. Additionally, patients with a predisposition toward developing BD may have

dysregulated immune responses even before the diagnosis of BD is made. These may result

in a high risk of cancer even in the early stage of the disease. Finally, there might have been a

detection bias. Patients with BD are more likely to seek health care and to need multiple hos-

pital visits, as compared to the general population, and thus they may have a greater rate of

cancer detection than the general population does.

In conclusion, both men and women with BD had a greater risk of overall cancer, some

solid cancers (especially in organs that can be involved in BD), and MDS than the general pop-

ulation did. However, the risk of hematological cancer in patients with BD was not signifi-

cantly greater than that in the general population. Further long-term cohort studies are

required to clarify the influence of BD itself, and medications used for its treatment, on cancer

development.
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