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Abstract

performed in both patient groups.

"o

“mucocutaneous with arthritis”, “neuro”, “Gl”, and “eye.”

Background: We hypothesized that Behcet's disease (BD) consists of several clinical subtypes with different severity,
resulting in heterogeneity of the disease. Here, we conducted a study to identify clinical clusters of BD.

Methods: A total of 657 patients registered in the Yokohama City University (YCU) regional BD registry between
1990 and 2018, as well as 6754 patients who were initially registered in the Japanese Ministry of Health, Labour and
Welfare (MHLW) database between 2003 and 2014, were investigated. The YCU registry data regarding the clinical
manifestations of BD, human leukocyte antigen (HLA) status, treatments, and hospitalizations were analyzed first,
followed by similar analyses of the MHLW for validation. A hierarchical cluster analysis was independently

Results: A hierarchical cluster analysis determined five independent clinical clusters in the YCU cohort. Individual
counterparts of the YCU clusters were confirmed in the MHLW registry. Recent phenotypical evolutions of BD in
Japan, such as increased gastrointestinal (Gl) involvement, reduced complete type according to the Japan Criteria,
and reduced HLA-B51 positivity were associated with chronologically changing proportions of the clinical clusters.

Conclusions: In this study, we identified independent clinical clusters among BD patients in Japan and found that
the proportion of each cluster varied over time. We propose five independent clusters namely “mucocutaneous”,

Keywords: Behcet's disease, Cluster analysis, Intestinal manifestation

Background

Behget’s disease (BD) is a rare systemic inflammatory
disease that causes periodic ocular and mucocutaneous
inflammation [1, 2]. Environmental and genetic factors
such as human leukocyte antigen (HLA)-B51 have been
implicated in its pathogenesis [3-5]. The 2018 update
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EULAR recommendation emphasized individualized
treatment for BD [6]: intensive treatment is particularly
necessary for ocular, vascular, neurological, and gastro-
intestinal (GI) symptoms, which are associated with poor
outcomes [6, 7]. Therefore, identifying predictive factors
for these unfavorable BD subtypes is essential.

One of the primary obstacles facing personalized
medicine is the heterogeneity of BD patients [2]. Serious
organ involvement such as ocular and vascular lesions in
young men [8, 9], genital ulcers in young women [9],
and GI symptoms in pediatric patients [9, 10] have been
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reported. Geographic and genetic disease variations are
other features of BD, including distinct clinical manifes-
tations in countries with prevalent disease [1, 2, 11]. GI
involvement is more frequent in Far East-Asian coun-
tries, including Japan [9, 12-14], whereas vascular in-
volvement is more common in Mediterranean and
Middle Eastern countries [15, 16].

The clinical features of BD have evolved in Japan des-
pite the preservation of a homogenous genetic back-
ground because of low immigration rates. Increased GI
manifestations, decreased eye involvement, and fewer
HLA-B51-positive patients over the past 3 decades have
been reported [13, 17, 18]. The same trend was observed
in Korea, where GI involvement is also prevalent [14].
Interestingly, an explosive increase was also observed in
inflammatory bowel diseases in East Asian countries [19,
20]. It is plausible that the phenotypic changes are
caused by preferential expansion of a particular subset of
BD in Japan; this idea is supported by previous meta-
analyses that revealed a strong association between
HLA-B51 and both eye involvement and male sex,
whereas its association with GI involvement was weak
[21, 22].

Because of the diverse manifestations of this disease,
we aimed to stratify patients with varying clinical mani-
festations and different prognoses. For example, the gen-
etic structures of anti-citrullinated protein antibody-
positive and -negative patients with rheumatoid arthritis
are different; an HLA-shared epitope is more common
in patients of the former group, who also experience
progressive bone destruction [23-25]. Previous studies
have shown that patients with BD are categorized into
several distinct phenotypic clusters associated with vary-
ing prognoses [26—29]. Clustering analyses have delin-
eated several possible BD subsets, including vascular
disease, while another subset is an acne-arthritis-
enthesitis cluster in Turkey [26]. Interestingly, the pro-
posed acne-arthritis-enthesitis cluster showed familial
aggregation, suggesting a possible contribution of
subset-specific genetic factors [30].

Prognostic factors for BD are necessary, but the dis-
ease heterogeneity is precluding the development of pre-
cision medicine. In this study, clustering analysis was
performed on patients with BD using data from nation-
wide and regional registries in Japan to stratify complex
phenotype of BD.

Methods

Setting

Data from patients with BD treated in Japan were ana-
lyzed retrospectively. All patients met the 1987 revised
diagnostic criteria for BD as designated by the Behcet’s
Disease Research Committee (BDRC) of Japan [31]. Ac-
cording to Japanese BD diagnostic criteria, oral ulcers,
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skin lesions, eye inflammation, and genital ulcers are
“major symptoms;” arthritis, epididymitis, gastrointes-
tinal symptoms, vascular lesions, and neurological mani-
festations are “minor symptoms.” Patients in one of the
following categories meet criteria for BD: (1) all four
major symptoms, (2) three major symptoms, (3) two
major and two minor symptoms, (4) typical recurrent
ocular inflammation and one or more major symptoms,
or (5) typical recurrent ocular inflammation and two
minor symptoms meet criteria for BD diagnosis. “GI
symptoms” were noted only for patients who were found
to have deep ulcers in the ileocecum area, whereas pa-
tients with “neurological manifestations” included those
with parenchymal neuro-BD.

To minimize patient heterogeneity and increase com-
parability with other studies, we also applied the Inter-
national Study Group (ISG) and International Team for
the Revision of the International Criteria for Behget’s
Disease (ITR-ICBD) criteria [32, 33].

Hospital-based regional BD registry

The Yokohama City University (YCU) registry includes
BD patients who were treated at any of the seven hospi-
tals within the Kanagawa district in mid-Japan from July
1991 to December 2018. All the patients were Japanese
except eight patients (one Filipino, one Syrian, one Ko-
rean, two Chinese, three dual heritage of Pakistani,
Finnish, and French). Retrospectively, we obtained the
following data: date of birth, sex, date of BD onset,
follow-up period, individual symptoms of BD, HLA-B51
positivity, episode of hospitalization, blindness, death
caused by BD, and medications. Blindness is defined as
visual acuity of less than 3/60, or a corresponding visual
field loss to less than 10°, even with just one eye.

Japan national BD registry

Since 1972, the Japan MHLW has been granted public
subsidies for patients’ medical expenses for treatment of
intractable diseases, including BD. To be eligible for this
assistance, patients must meet the BRDC criteria and
provide documentation of their date of birth, gender,
date of onset, the presence of BD symptoms included in
the Japanese BD diagnostic criteria (as filed by the at-
tending physician), questions about laboratory data, ad-
mission episodes, and medical treatment. We extracted
data recorded in the MHLW national registry between
2003 and 2014; to adjust for the observation period, only
newly submitted cases were included. We selected newly
registered patients in order to adjust for the observation
period, given that manifestations can accumulate over
one’s clinical course and change the BD-associated
phenotype [17]. Moreover, the effects of treatment on
the phenotypes were marginal in this group because new
registrations were linked to financial support regarding
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medical costs. Some of the patients were diagnosed be-
fore 2003 although they were initially registered after
that year.

Statistical analysis

R version 3.6.2 (http://cran.r-project.org/) was used for
our analyses. We performed Ward’s hierarchical cluster
analysis with dissimilarity measures of the square Euclid-
ean distance for both registry data. The validity of the
number of clusters was assessed by several methods
based on inter- and intra-cluster “scatter” indicators
[34—36]. In these methods, the indices CH, indicator
diffH, and indicator KL/minimization indicator H, which
maximizes the number of clusters, were selected as argu-
ments. The Kruskal-Wallis and chi-squared were per-
formed to compare groups. A P value <0.05 was
considered statistically significant.

Results

Participants

Among 707 patients with BD in the YCU registry and
8282 in the MHLW registry, 657 and 6754 patients were
included after excluding those having missing data (Sup-
plementary Figure 1). Table 1 shows the clinical charac-
teristics of the two patient groups. These characteristics
were similar to those previously reported in Japan, albeit
with a lower incidence of eye involvement in the MHLW

registry [1].

Discovery of distinct clusters in the hospital-based BD
registry

We first performed cluster analysis using 8 variables (4
major and 4 minor symptoms as described in the Japa-
nese criteria except for epididymitis). A dendrogram re-
vealed 5 major clusters assigned as clusters 1 to 5
(Supplementary Figure 2a). The validity of the number
of clusters was supported by statistical analysis (Supple-
mentary Table 1). We then compared the clinical fea-
tures of each cluster (Table 2). In brief, all patients in
cluster 1 showed mucocutaneous symptoms without
vital organ involvement except in the eyes. Cluster 2 was
characterized by the highest proportion of GI involve-
ment (75.7%), and the lowest of eye involvement
(34.3%). In cluster 3, mucocutaneous symptoms without
vital organ involvement were main features like cluster
1, but arthritis was absent. In cluster 4, all patients had
eye involvement with low frequency of other mucocuta-
neous manifestations. Cluster 5 was associated with high
rates of neurological involvement (98.5%).

We compared other features including demography,
HLA-B51 positivity, fulfillment of the ISG and the ITR-
ICBD criteria, therapy, and hospitalization events among
the 5 clusters. More female patients were found in clus-
ters 1 and 3, whereas male was predominant in cluster
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4. Frequency of HLA-B51-positive individuals was com-
parable among clusters, except cluster 2 (GI cluster) that
showed significantly lower positivity (33.0%) than any
other clusters. Less than quarter of patients did not meet
the ISG criteria in clusters 2, 4, and 5, whereas all pa-
tients met the ITR-ICBD criteria except 12 patients
(8.6%) in cluster 2. However, background characteristics
of individual clusters were unchanged in patients meet-
ing the ISG or ITR-ICBD criteria (Supplementary Ta-
bles 2 and 3). Besides clinical manifestations, the data
showed therapeutic approaches were different among
the clusters. The use of glucocorticoids, particularly high
dosage, and immunosuppressants were more common
in cluster 2 and cluster 5 than the others, due to the
gastrointestinal and neurological involvement, respect-
ively. Introduction of TNF inhibitors was the most com-
mon and the earliest in cluster 4 because of the eye
involvement (periods from the diagnosis to administra-
tion; 2.96 + 4.46 years). The cluster was associated with
low incidence of mucocutaneous symptoms, and high
unsatisfactory rate of ISG criteria (22.3%). On the other
hand, patients in clusters 2 and 5 needed frequent
hospitalization compared with the others, suggesting
that they had more severe physical condition. Blindness
is more in clusters 4 and 5, but most cases with blind-
ness were diagnosed before 1999 (Supplementary
Table 4). We thought that it is due to the advance of
therapy, such as TNF inhibitors. The number of death
caused by BD was very small (3 cases).

Validation in the Japanese national BD registry

To validate the findings, the same clustering analysis
was conducted using the MHLW dataset (Supplemen-
tary Figure 2b). Although approximately 200 patients in
the YCU registry overlapped with the MHLW database,
these patients were not excluded because of complete
anonymization. A hierarchical cluster analysis of eight
BD clinical manifestations identified seven different clus-
ters that were statistically valid (Supplementary Table 1)
and designated as clusters A to G (Table 3). The cluster-
ing patterns between the YCU Registry and the MHLW
database corresponded to clusters 1 and E, clusters 2
and A, clusters 3 and G, clusters 4, D and F, and clusters
5 and B, respectively, but there was some discrepancy.
The exception was cluster C, which had the lowest fre-
quency of oral ulcers, suggesting that the MHLW data-
base may contain suspicious BD cases. Otherwise, the
features of each cluster in the MHLW database were
also shared with counterparts of the clusters in the YCU
registry. For example, cluster A in the MHLW database
was characterized by the frequent GI and uncommon
eye involvement, low HLA-B51 positivity, low fulfillment
of the ISG and ITR-ICBD criteria, and high frequency of
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Table 1 Characteristic of patients with Behget's disease who were enrolled in the study
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Characteristics

Yokohama City University registry (n =
657)

Japan national registry (n =
6754)

Sex: female/male, n (%)
Age of diagnosis (mean + SD)
Observation period (mean + SD)
Disease phenotype
Oral ulcer, n (%)
Skin involvement, n (%)
Eye involvement, n (%)
Genital ulcer, n (%)
Arthritis, n (%)
Epididymitis, n/available data number (%)
Gastrointestinal involvement, n (%)
Vascular involvement, n (%)
Neurological involvement, n (%)
Pathergy test, n/available data number (%)
Other characteristics
HLA-B51, n/available data number (%)
Fulfilling 1SG criteria, n (%)
Fulfilling ITR-ICBD criteria, n (%)
Smoking, n/available data number (%)
Hospitalization, n/available data number (%)
Blindness, n/available data number (%)
Death caused by BD, n/available data number (%)
Treatments
Colchicine, n (%)
Glucocorticoid, n (%)
Maximum Prednisolone dose (mg/day, mean + SD)

Methylprednisolone pulse therapy, n/available data number
(%)

Immunosuppressant therapy, n/available data number (%)
Biologics, n (%)

Infliximab, n (%)

Adalimumab, n (%)

Others, n (%)*

Time from diagnosis to biologics (years, mean + SD)

372/285 (56.6/43.4)

3990/2764 (59.1/40.9)

36.58+12.29 36.68+14.23
13721179 4.14+762
653 (99.4) 6336 (93.8)
585 (89.0) 5483 (81.2)
392 (59.7) 2344 (34.7)
474 (72.1) 4242 (62.8)
346 (52.7) 3311 (49.0)
15/285 (5.3) 257/2764 (9.3)
113 (17.2) 906 (13.4)

55 (84) 148 (2.2)

67 (10.2) 350 (5.2)

74/170 (43.5)

214/449 (47.7)

1361/4225 (32.2)

1389/3141 (44.2)

583 (88.7) 4980 (73.7)
645 (98.2) 5586 (82.7)
233/455 (51.2) N/A
239/522 (45.8) 1556/6002 (25.9)
98/582 (16.8) N/A

3/520 (0.6) N/A
375/522 (71.8) 2942 (43.6)
236/522 (45.2) 2352 (34.8)
11.75+17.76 N/A
36/522 (6.9) N/A
203/522 (38.9) 578 (8.6)
95 (14.5) N/A

86 (13.1) N/A

24 (37) N/A

3(0.5) N/A
6.22£852 N/A

BDRC Behget's Disease Research Committee, ISG International Study Group, ITR-ICBD International Team for the Revision of the International Criteria for Behget's

Disease, N/A not available
*QOthers: etanercept 2, tocilizumab 1

hospitalization. These characteristics were also found in
the counterpart cluster, cluster 2 in the YCU registry.

Thus, our data showed that clusters in the hospital-
based BD registry were reproduced in the nationwide
registry in which patients with a short disease duration
were enriched, indicating that the clustering patterns
represent those in BD patients in Japan.

Chronological changes of clinical clusters

We previously reported that Japanese BD patient pheno-
types have been evolving over the past 30 years, with
ocular involvement becoming less common while the in-
cidence of intestinal BD continues to rise [9, 13]. Similar
evolution of clinical phenotypes has also been reported
in Korea [14]. In Japan, the phenotypical changes were
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Table 2 Characteristics of the cluster with Behget's Disease patients in Yokohama City University registry

Characteristics Total Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 P
(n=657) (n=164)  (n=140) (n=140) (n =146) (n=67)

Clinical symptoms used in clustering
Oral ulcer, n (%) 653 (99.4) 164 (100.0) 138 (98.6) 140 (100.0) 144 (98.6) 67 (100.0) 0.265
Skin involvement, n (%) 585 (89.0) 164 (100.0) 130 (92.9) 140 (100.0) 93 (63.7) 58 (86.6) <0001
Eye involvement, n (%) 392 (59.7) 78 (47.6) 48 (34.3) 76 (54.3) 146 (100.0) 44 (65.7) <0001
Genital ulcer, n (%) 474 (72.1) 164 (100.0) 105 (75.0) 140 (100.0) 21 (14.4) 44 (65.7) <0001
Arthritis, n (%) 346 (52.7) 164 (100.0) 94 (67.1) 0 (0.0) 57 (39.0) 31 (46.3) <0001
Gastrointestinal involvement, 113 (17.2) 0 (0.0) 106 (75.7) 0 (0.0) 0 (0.0) 7 (104) <0.001
n (%)
Vascular involvement, n (%) 55 (84) 0 (0.0) 54 (38.6) 0 (0.0) 0 (0.0) 1(1.5) <0.001
Neurological involvement, n (%) 67 (10.2) 0 (0.0 1(0.7) 0 (0.0) 0 (0.0) 66 (98.5) <0001

Criteria and HLA typing, smoking, and hospitalization rates
Sex: female/male, n/available data 372/285 124/40 80/60 (57.1/42.9) 90/50 (64.3/35.7) 46/100 (31.5/68.5) 32/35 (47.8/52.2) <0001
number (%) (56.6/43.4) (75.6/24.4)
Age at onset (years, mean + SD) 36.58+1229 3737+£1225 3541+1341 33.59+£10.25 4048 +£12.84 3479+1043 <0.001
Observation period (years, mean+SD) 13.72+11.79 1633+1207 13.72+12.52 13.27+12.53 10.16 + 944 16.08 +10.70 <0001
Pathergy test, n (%) 74/170 (43.5)  27/66 (40.9) 7/23 (31.8) 21/34 (61.8) 13/32 (40.6) 6/16 (37.5) 0.174
HLA-B51, n (%) 214/449 (47.7) 58/114 (50.9) 29/88 (33.0) 49/94 (52.1) 49/98 (50.0) 29/55 (52.7) 0.047
Fulfilling ISG criteria, n (%) 583 (88.7) 164 (100.0) 107 (764) 140 (100.0) 113 (77.4) 59 (88.1) <0001
Fulfilling ITR-ICBD criteria, n (%) 645 (98.2) 164 (100.0) 128 (914) 140 (100.0) 146 (100.0) 67 (100.0) <0001
Hospitalization, n/available 239/522 (45.8) 35/115 (304) 69/97 (71.1) 43/128 (33.6) 49/125 (39.2) 43/57 (75.4) <0001
data number (%)
Blindness, n/available 98/582 (16.8) 10/141 (7.1)  8/124 (6.5) 22/133 (16.5) 34/123 (27.6) 24/61 (39.3) <0001
data number (%)
Death caused by BD, 3/520 (0.6) 0/114 (0.0) 2/96 (2.1) 1/128 (0.8) 0/125 (0.0) 0/57 (0.0) 0.230
n/available data number (%)

Treatments
Colchicine, n/available 375/522 (71.8) 73/115 (63.5) 77/97 (794) 83/128 (64.8) 96/125 (76.8) 46/57 (80.7) 0.009
data number (%)
Glucocorticoids, n/available 236/522 (45.2) 40/115 (34.8) 65/97 (67.0) 44/128 (34.4) 42/125 (33.6) 45/57 (78.9) <0.001
data number (%)
Maximum dose of prednisolone 1175+1776 564+11.15 1898+19.77 6.81+12.71 816+ 14.24 31.81+23.64 <0001
(mg/day, mean + SD)
Methylprednisolone pulse therapy, 36/522 (6.9) 2/115 (1.7) 9/97 (9.3) 2/128 (1.6) 4/125 (3.2) 19/57 (33.3) <0001
n/available data number (%)
Immunosuppressants, 203/522 (389) 17/115 (14.8) 71/97 (73.2) 30/128 (234) 47/125 (37.6) 38/57 (66.7) <0001
n/available data number (%)
Biologics, n (%) 95 (14.5) 9 (5.5 23 (164) 15 (10.7) 34 (23.3) 14 (20.9) <0001
Time from diagnosis to biologics 622 +852 4.86 £6.90 747 +£10.95 10.07 £10.20 296 +4.46 854+ 842 0.043

(years, mean + SD)

ISG International Study Group, ITR-ICBD International Team for the Revision of the International Criteria for Behcet's Disease

also associated with decreased HLA-B51 positivity in the
patients [9, 13]. Therefore, we hypothesized that the re-
cent phenotypic evolution of BD is caused by alternating
proportion of individual disease clusters in Japan.

As in a previous study [13], we compared the pro-
portion of clusters in the three generation groups ac-
cording to the year of onset in the YCU registry. We
found a continuous increase in clusters 2 and 4, but

a gradual decrease in the other clusters (Fig. 1). Par-
ticularly, expansion of cluster 2 characterized by GI
involvement and low HLA-B51 positivity is concord-
ant with recent epidemiological changes in Japan [13].
Another increment was found in cluster 4, which was
characterized by the most common and earliest use
of TNF inhibitors and a lower incidence of mucocuta-
neous symptoms (Table 2), particularly after 2010
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Table 3 Characteristics of the cluster with Behcet's disease patients in MHLW registry

Total Cluster A Cluster B Cluster C Cluster D Cluster E Cluster F Cluster G P
(n=6754) (n=1131) (n =876) (n =689) (n =805) (n=1369) (n=799) (n =1085)
Clinical symptoms used in clustering
Oral ulcer, n (%) 6336 (93.8) 1050 (92.8) 867 (99.0) 361 (524) 805 (100.0) 1369 (100.0) 799 (100.0) 1085 (100.0) <0001
Skin involvement, 5483 (81.2) 493 (436) 755 (86.2) 177 (25.7) 805 (100.0) 1369 (100.0) 799 (100.0) 1085 (100.0) <0001
n (%)
Eye involvement, 2344 (34.7) 87 (7.7) 115 (13.1) 538 (78.1) 805 (100.0) 0 (0.0) 799 (100.0) 0 (0.0) <0001
n (%)
Genital ulcer, n (%) 4242 (62.8) 575 (508) 202 (23.1) 212 (30.8) 0 (0.0) 1369 (100.0) 799 (100.0) 1085 (100.0) <0001
Arthritis, n (%) 3311 (49.0) 461 (40.8) 484 (55.3) 192 (27.9) 390 (484) 1369 (100.0) 415 (51.9) 0 (0.0) <0001
Gastrointestinal 906 (134) 879 (77.7) 0 (0.0) 27 (3.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) <0001
involvement, n (%)
Vascular involvement, 148 (2.2) 0 (0.0) 121 (13.8) 27 (3.9) 0 (0.0) 0 (0.0) 0 (0.0 0 (0.0) <0001
n (%)
Neurological 350 (5.2) 0 (0.0) 289 (33.0) 61 (89) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) <0001
involvement,
n (%)
Other characteristics
Sex: female/male, n (%) 3990/2764 654/477 427/449 299/390 295/510 1032/337 479/320 804/281 <0001
(59.1/40.9) (57.8/42.2) (487/513) (43.4/56.6) (36.6/634) (754/24.6) (59.9/40.1) (74.1/25.9)
Age at onset (years, 3668+ 1423 3991+£1773 3854+1446 3878+ 1514 3682+1309 3558+ 1264 3445+1200 3338+1237 <0001
mean + SD)
Observation period 414+762 405+7.71 4.18+728 6.32+9.95 382+691 3.07 £6.06 619+990 2874557 <0001
(years, mean + SD)*
Pathergy test, n/available  1361/4225 225/706 171/536 (31.9)  117/431 149/404 (296) 295/860 (343)  175/508 229/680 (33.7)  0.099
data number (%) (32.2) (319) (27.1) (344)
HLA-B51, n/available 1389/3141 172/513 237/492 (480) 172/358 221/413 (535)  244/599 (40.7)  164/321 179/443 (404) <0001
data number (%) (44.2) (335) (48.0) (51.1)
Fulfilling ISG criteria, 4980 (73.7) 405 (35.8) 333 (380) 185 (26.9) 805 (100.0) 1368 (99.9) 799 (100.0) 1085 (100.0) <0001
n %)
Fulfilling ITR-ICBD 5586 (82.7) 657 (58.1) 456 (52.1) 416 (60.4) 805 (100.0) 1368 (99.9) 799 (100.0) 1085 (100.0) <0001
criteria, n (%)
Recent hospitalization, 1556/6002 400/971 299/771 (388)  144/625 77/738 (104)  271/1195 (22.7)  121/728 244/974 (25.1) <0001
n/available data (25.9) 412 (23.0) (16.6)

number (%)**

ISG International Study Group, ITR-ICBD International Team for the Revision of the International Criteria for Behget's Disease
*"Observation period” indicates the period from disease onset to application of specific disease by the Japanese government
**“Recent hospitalization” indicates episode of admission less than 6 months per patients

(Fig. 1). Proportions of the other clusters had been
relatively shrinking.

Discussion

Because BD involves variable disease manifestations,
many investigators refer to it as “Behcet’s syndrome” [6,
28]. Our data strongly support the notion that BD pa-
tients can be categorized into several clinical subtypes
based on clinical presentations. A hierarchical clustering
analysis of the hospital-based, YCU registry identified
five clinical clusters, which consist of “mucocutaneous,”
“mucocutaneous with arthritis,” “neuro,” “GI,” and “eye
without other involvements” subtypes. The similar clus-
tering pattern was also reproduced in the national regis-
try, the MHLW database. Moreover, the present data
showed that recent phenotypical evolution of BD was as-
sociated with altering the proportion of individual

clinical clusters in the YCU registry. The chronological
proportional changes of clinical subtypes were consid-
ered to cause recent epidemiological changes of BD pa-
tients in Japan, which are characterized by an increase in
GI involvement and decreases complete type according
to the Japan Criteria and HLA-B51 positivity.

Both genetic and environmental factors have been im-
plicated in the formation of clinical clusters. However, due
to the relative stability of the genetic background in Japan,
recent changes in the clinical picture of BD patients over
time may be dependent solely on environmental factors.
Chronological analysis of the YCU registry showed two
clinical clusters which had been recently expanded: one is
cluster 2, which is a cluster with the highest proportion of
GI patients and has expanded over the past 30 years in the
YCU registry. Counterpart of the GI cluster was consid-
ered to correspond to cluster A in the MHLW database.
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specified periods

The GI involvement is much more frequent in patients in
East Asian countries including Japan and Korea than any
regions, but it is unclear what is responsible for the geo-
graphical concentration. In addition to similar genetic
backgrounds, the preferential use of the Japanese BD diag-
nostic criteria in these 2 countries [31], which incorporate
the intestinal symptoms, is a possible reason. Interestingly,
a westernized lifestyle is considered to contribute to recent
rapid increase in inflammatory bowel diseases such as
Crohn disease and ulcerative colitis in both countries [20].
Likewise, environmental changes might be involved in re-
cent expansion of the GI cluster in BD patients in the East
Asia.

In the YCU, another expansion was found in cluster 4,
which was characterized by the highest incidence of, eye
involvement, low incidence of mucocutaneous symp-
toms, and most common and earliest use of TNF inhibi-
tors. The total number of patients with ocular lesions
has decreased (Supplementary Table 4), but cluster 4
has increased. We consider that it is because TNF inhib-
itors for ocular involvement have a decreasing effect on
mucocutaneous symptoms. This cluster was considered
to correspond to clusters D and F in the MHLW data-
base. Unlike the GI cluster, the cluster expansion was
prominent after 2010. This is not likely coincident, be-
cause the use of TNF inhibitors was rapidly increased
after official approval of infliximab and adalimumab for
the BD related uveitis at 2007 and 2016, respectively, in
Japan. Notably, the YCU has a Behget’s Disease Medical
Research Center with experienced rheumatologists and
ophthalmologists, prompting this trend because ophthal-
mology department of YCU had many severe BD uveitis

patients and they were administered TNF inhibitors. As
disease modifying effects have been shown with early
introduction of azathioprine [37], it is plausible that
early and intensive treatments including biologics for the
ocular involvement suppress extraocular manifestations,
resulting in low incidence of mucocutaneous symptoms
and low satisfactory rate of the ISG criteria in the clus-
ter. However, besides the treatment related disease
modifying effects, other factors also contribute to the
formation of this cluster, because substantial number of
patients was categorized into the cluster in the pre-
biologics era. On the other hand, clusters 1, 3, and 5,
identified in the YCU registry, are steadily shrinking in
Japan (Fig. 1). These clusters include patients with the
ocular and neurological involvement. Besides, a recent
study also found that ocular disease is becoming milder
in Japan [38], though the reason remains uncertain.

A study from Japan has shown that neurological in-
volvement is more likely to develop in male smokers
[39], suggesting that the recent shrinkage in cluster 5 is
relate to fewer male smokers in Japan, though positive
or negative effects of smoking on BD have been contro-
versial [39-42]. Alternatively, improvement of oral hy-
giene [43] and altered microbiota [44] can also
contribute to lowering the rate of serious BD pheno-
types. It is important to determine environmental factors
that are alterable unlike genetic backgrounds, especially
when considering prophylactic strategies.

Most of the findings were consistent between the YCU
and MHLW databases, but there were some discrepan-
cies. For example, cluster 2 of the YCU had a high fre-
quency of complications of GI and vascular
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involvements [2], but cluster A of the MHLW database
did not show a significant association between the two.
We suspect that different periods of observation are one
of the reasons for this discrepancy (YCU, 13.7 £11.8
years; MHLW, 4.1 +7.6years). In addition, while data
were collected cross-sectionally in the MHLW, data
were accumulated over time in the YCU registry. As
shown in previous studies, symptoms of BD accumulate
over time, and therefore, additional symptoms are likely
to appear after the end of the observation period in the
MHLW database [13, 17]. In fact, the incidence of GI
and vascular lesions differed, especially vascular lesions,
which were only 2.2% in the MHLW database, compared
to 8.4% in the YCU registry (Table 1). We suspect that
there is some relationship between GI and vascular le-
sions, but we are unable to establish that point in this
study because of the different periods of observation in
two cohorts. Therefore, it is necessary to validate in a
population of patients with similar disease duration.
There is accumulating evidence that clinical presenta-
tions of BD are different among ethnic groups, suggest-
ing that each ethnic has a different clustering pattern
[28]. The acne-arthritis-enthesitis cluster in Turkey,
which likely belongs on the spectrum of seronegative
spondyloarthritis [28], was not apparent in our popula-
tion, though the clinical manifestations were not suffi-
ciently assessed for comparison. This is partly due to the
lower prevalence of enthesitis, spondyloarthritis, and
HLA-B27 positivity in Japan than in Europe [45]. Both
mucocutaneous manifestations and arthritis were
enriched in cluster 1 of the YCU registry and cluster E
of the MHLW database; these clusters are possible coun-
terparts to the acne-arthritis-enthesitis cluster in Turkey.
Further studies with precise phenotypic data are neces-
sary to assess whether the acne-arthritis-enthesitis
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cluster exists in Japan; moreover, international compara-
tive studies on BD cluster patterns might shed light on
ethnic and geographic variations in the disease.

To establish precision medicine, it is important to
focus more on genetic contributions rather than envir-
onmental factors. We previously reported multiple BD
susceptibility loci through genome-wide association
studies (GWAS) such as HLA-A26, IL23R, and others
[46—49]. As shown in Tables 2 and 3, HLA-B51 positiv-
ity was significantly less prevalent in cluster 2 (YCU)
and cluster A (MHLW) than in other clusters, suggest-
ing that the GI cluster is associated with a distinct gen-
etic background [50]. Identification of the diverse
genetic characteristics of the intestinal variant will facili-
tate its management as a separate disease entity [51].
Moreover, it was possible that autoinflammatory disease
(AID) associated with single gene mutation had been di-
agnosed as BD. For example, “haploinsufficiency of A20”
which is caused by TNFAIP3 mutations has a phenotype
similar to that of patients in the GI cluster of BD [52].

Several studies have attempted to subcategorize BD
based on clinical manifestations [26, 27, 53]; however, a
patient’s natural disease course [13, 17] as well as
treatment-related disease modification may prevent the
emergence of other phenotypes [54]. Thus, because
phenotype-based analysis alone is not necessarily suffi-
cient, the inclusion of genetic analysis would be more
instructive.

Several limitations should be noted. First, our results
are not necessarily be generalizable to other countries
because most of the patients were Japanese who had
relatively unique and homogenous genetic backgrounds.
Second, selection bias was unavoidable because of the
study design; however, we minimized this bias by evalu-
ating two distinct patient populations with unique

Gastrointestinal

Cluster 2 (YCU)
Cluster A (MHLW)

Fig. 2 Proposing Behcet's disease clusters based on the present and previous studies

Eye
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profiles. Finally, there are only a few reports of standard-
ized index for severity of BD [55, 56]. Therefore, we
would like to investigate this point by establishing a
large-scale BD patient’s registry in Japan.

Based on our current findings and our clinical experi-
ence, we propose four distinct clinical clusters namely
“mucocutaneous,” which consists of either with or with-
out arthritis, “neuro,” “GL” and “eye”(Fig. 2). To estab-
lish this concept, it is important to further accumulate
future data by analyzing genetic and biological samples.
A multidisciplinary approach is useful for the early de-
tection of clinical clusters. Ideally, treatment should be
optimized for individual clinical subtypes, as the progno-
sis varies between clusters.

Conclusion

We identified independent clinical clusters among BD
patients in Japan and found that the proportion of each
cluster varied over time.
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