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ancient trading route stretching between the Mediterranean, 

the Middle East, and the Far East3 with an estimated preva-

lence of 13.5–20 cases per 100,000 people in Japan, Korea, 

China, Iran, and Saudi Arabia.2 In Japan, the estimated preva-

lence of BD was reported as 14.9 per 100,000 people in 2002.4 

According to the diagnostic criteria published by the Japanese 

Ministry of Health, Labour and Welfare,5,6 the major symp-

toms of BD include recurrent oral and genital ulceration, skin 

lesions such as erythema nodosum, subcutaneous thrombo-

phlebitis, pseudofolliculitis and acneiform nodules, and ocular 

symptoms (iridocyclitis, uveoretinitis). Minor symptoms in-

clude arthritis without associated deformity or rigidity; epidid-
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ORIGINAL ARTICLE

INTRODUCTION

Behçet’s disease (BD) is a chronic, relapsing, immune-mediat-

ed multisystemic disease characterized by underlying vasculi-

tis.1,2 BD is particularly more prevalent in the Far East and 

Mediterranean basin, corresponding to the Old Silk Road, an 
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ymitis; gastrointestinal (GI) symptoms commonly affecting 

the ileocecal region; vascular lesions in the arteriovenous sys-

tem and pulmonary vasculature; and moderate or severe cen-

tral nervous system lesions. Typically, BD is classified into com-

plete, incomplete, or suspected types based on the number of 

major and minor symptoms, partial or complete appearance 

of symptoms, and the recurrence or exacerbation of symp-

toms.5,6 

Specialized categories of BD include vascular, neuronal, and 

intestinal types. The prevalence of GI involvement causing in-

testinal ulcers has been reported to be 15%–20%,4 although it 

varies between different populations.7-12 Notably, GI involve-

ment is common in Japanese patients with BD and is estimat-

ed to be approximately 50%13,14 and based on an analysis from 

2007, has been steadily rising.15 According to the revised Japa-

nese consensus guidelines (2014),16 a diagnosis of intestinal 

BD is based on the presence of a typical oval-shaped large ul-

cer in the terminal ileum, or ulcerations or inflammation in 

the small or large intestine. Disease severity is assessed by sys-

temic symptoms (e.g., fever and extraintestinal manifestations), 

clinical signs of pain, inflammatory mass, and rebound ten-

derness upon abdominal palpation, depth of ulcers as assessed 

by radiology and endoscopy, intestinal complications (e.g., 

bleeding, stricture, and fistula), presence of anemia, and in-

creased levels of inflammatory markers, including C-reactive 

protein (CRP), white blood cell count, and erythrocyte sedi-

mentation rate. Intestinal lesions generally appear late in the 

disease course of BD,15 with an age of onset between 18 and 40 

years.1 Intestinal BD is frequently associated with serious com-

plications, such as stricture, perforation, large abscesses, and 

significant GI bleeding requiring surgical intervention,16 all of 

which can cause irreversible bowel damage and can potentially 

be fatal.15

The main goal of treatment in patients with intestinal BD is 

to induce and maintain remission in order to minimize dis-

ease recurrence, surgical intervention, and the risk of irrevers-

ible bowel damage.17 In the absence of a standard treatment, 

intestinal BD has been treated with corticosteroids or non-bi-

ologic immunomodulators;18,19 however, many patients expe-

rience disease relapse following medical treatment with such 

agents, with results from a retrospective review in 93 patients 

with BD reporting cumulative recurrence rates of 24.9% at 2 

years and 43.0% at 5 years, despite an initial high remission 

rate (66.7%).20 Moreover, despite their widespread use, there 

remains a lack of evidence from prospective studies support-

ing the clinical efficacy of corticosteroids in intestinal BD,21 

with only a limited number of case reports demonstrating 

beneficial effects.22-24 In addition, patients can become cortico-

steroid dependent, with a retrospective cohort study of 54 pa-

tients with moderate to severe intestinal BD showing that 

more than one-third of patients (35.2%) demonstrated corti-

costeroid dependency after 1 year.25 The revised Japanese 

consensus guidelines from 2014 recommend induction thera-

py with prednisolone 0.5–1 mg/kg per day for 1–2 weeks; fol-

lowing clinical improvement, prednisolone should be tapered 

by 5 mg every week, and then discontinued.16 

The development of the anti-tumor necrosis factor α (TNF-α) 

class of drugs has improved treatment outcomes in patients 

with intestinal BD.21 One such anti-TNF-α, adalimumab (HU-

MIRA; AbbVie Inc., North Chicago, IL, USA),26 was approved 

for the treatment of patients with intestinal BD in Japan in May 

201327 based on the results of a 52-week, phase 3 study in 20 

Japanese patients with intestinal BD who were refractory to 

corticosteroid and/or immunomodulatory therapies.12 In this 

study, 4 patients (20%) achieved complete remission (score of 

0 on global GI and endoscopic assessment; composite effica-

cy index) and 12 patients (60%) reported a marked improve-

ment (score of ≤ 1 on composite efficacy index).12 During the 

study, 9 of 13 patients (69%) taking corticosteroids at baseline 

were able to taper (1 patient) or completely discontinue corti-

costeroids (8 patients). No new safety signals were observed 

and no deaths occurred.12 Furthermore, long-term treatment 

of up to 100 weeks with adalimumab led to a sustained reduc-

tion in clinical and endoscopic disease activity, with 40% of 

patients achieving a marked improvement.6 In addition, adali-

mumab was well tolerated with no unexpected adverse events 

(AEs). The revised Japanese consensus guidelines recom-

mend subcutaneous adalimumab as standard therapy in pa-

tients with intestinal BD who have severe disease symptoms 

with deep ulcers confirmed by radiology or endoscopy. The 

recommended initial dose of adalimumab in patients with in-

testinal BD is 160 mg, followed by 80 mg at 2 weeks and 40 mg 

every 2 weeks thereafter.16 

Since intestinal BD is a relatively rare disorder, evidence from 

large studies demonstrating the safety and effectiveness of anti-

TNF-α agents in patients with intestinal BD remains scarce.28 

Consequently, the objective of this study was to evaluate the 

long-term safety and effectiveness of adalimumab in Japanese 

patients with intestinal BD through the collection of real-world 

practice data as part of a pharmacovigilance plan.
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METHODS

1. Study Design
This was a prospective, all-case, post-marketing surveillance 

(PMS) study conducted between 2013 and 2017 at 254 cen-

ters in Japan that specialized in medical care for patients with 

intestinal BD. All centers were equipped to diagnose and 

manage tuberculosis (TB) and serious infections. As it was 

planned to analyze the data collected until August 2016, the 

cutoffs for observation periods were set. Therefore, the obser-

vation period varied among patients and was dependent on 

the time of initiation of adalimumab treatment: 156 weeks 

when initiated between May 16, 2013, and August 15, 2013; 

104 weeks when initiated between August 16, 2013, and Au-

gust 15, 2014; and 52 weeks when initiated between August 

16, 2014, and August 15, 2015. Data for assessment were col-

lected from patient case report forms. 

The study protocol was approved by the Pharmaceuticals 

and Medical Devices Agency, Japan, prior to study initiation. 

This study was conducted at registered medical institutions in 

compliance with Good Post-marketing Study Practice (GPSP) 

in Japan and is registered on ClinicalTrials.gov (NCT01960- 

790). Approval of the institutional review board of each par-

ticipating institution and written informed consent were not 

required because this study was conducted as a regulatory 

and legal requirement in accordance with the GPSP guide-

lines of Japan.

2. Eligibility Criteria, Study Assessments, and Endpoints
All patients with intestinal BD in Japan, who received adalim-

umab following its approval for this indication were included 

in this study. Adalimumab was administered subcutaneously 

at an initial dose of 160 mg, followed by 80 mg at 2 weeks and 

then 40 mg every 2 weeks.

The primary endpoint was the incidence of adverse drug re-

actions (ADRs). ADRs of interest included infections, TB, ma-

lignancy, injection site reactions, autoimmune disease, pancy-

topenia, demyelinating disease, cardiac failure congestive, and 

interstitial pneumonia. Secondary endpoints included global 

improvement rating at study end, the evaluation of global GI 

symptoms and non-GI BD symptoms in patients reporting 

these symptoms at baseline, and the degree of improvement 

in endoscopic findings and CRP levels. Further post hoc analy-

ses were conducted to evaluate baseline factors that may af-

fect the incidence of ADRs.

3. Safety Assessment
The safety population included all patients with a fixed case 

report form except patients who did not receive the study drug 

or did not receive it within the study period, patients who re-

ported a protocol violation, patients who were duplicate cases, 

or those transferred to other hospitals. Safety was evaluated 

during the study and until 28 days after the observation peri-

od. For patients who discontinued adalimumab treatment 

prematurely and withdrew from the study, the time of the final 

adalimumab administration was considered as study end and 

safety was evaluated until 28 days after this final adalimumab 

administration. ADRs were defined as AEs for which the caus-

al relationship with study drug could not be excluded. 

4. Effectiveness Assessment
The effectiveness population included all patients from the 

safety population except those who were administered adali-

mumab off-label and for whom a global improvement rating 

was not available. Global improvement was rated as markedly 

effective, effective, or ineffective at the last observation time 

point at the physician’s discretion. Global GI symptoms were 

scored at baseline, weeks 4, 8, 12, 24, 52, 76, 104, 128, and 156, 

and at treatment discontinuation based on the following 

scores: 0, free of symptoms; 1, did not affect a patient’s daily 

life; 2, slightly affected a patient’s daily life; 3, affected a pa-

tient’s daily life; and 4, critically affected a patient’s life. Endo-

scopic improvement was based on an evaluation of the 

change in the size of the largest ulcer from weeks 0–24, 24–52, 

52–104, and 104–156, and defined as follows: indeterminate, 

expanded, < 1/4 to no reduction, ≥ 1/4 to < 1/2 reduction, or 

≥ 1/2 reduction. Non-GI BD symptoms were assessed at base-

line and weeks 52, 104, and 156. CRP levels were measured at 

baseline and weeks 24, 52, 76, 104, 128, and 156.

5. Statistical Analyses 
Quantitative variables were summarized using descriptive 

statistics (number, mean, standard deviation [SD], median, 

range). AEs and ADRs were coded using the Medical Diction-

ary for Regulatory Activities (MedDRA) version 19.1 and sum-

marized as events/100 patient-years (PY) of adalimumab ex-

posure and number and proportion of patients with AEs/ADRs 

in the safety population. Each safety event was counted as a 

separate event, even if it occurred multiple times in a single 

patient. Effectiveness data were collected as observed unless 

indicated otherwise. The Wilcoxon signed-rank test was used 

to analyze the global GI score. The impact of baseline factors 
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on the incidence of ADRs was assessed by stratified group 

analyses and multivariate regression analysis. All tests were 

performed with a two-sided significance level of 5%.

RESULTS

1. �Patient Disposition, Treatment, Demographics, and 
Baseline Characteristics

Overall, 473 patients were registered in the study, including 

462 in the safety and 383 in the effectiveness population (Fig. 

1). The safety and effectiveness populations were adminis-

tered adalimumab for mean (SD) durations of 515.3 (322.2) 

and 579.5 (307.9) days, respectively. During the study, 395 pa-

tients (85.5%) were administered adalimumab per the recom-

mended dosing regimen. 

In the safety population, 153 patients (33.1%) discontinued 

treatment; of these, 142 patients (92.8%) discontinued for 

known reasons, including inadequate response (33.1%), AEs 

(29.6%), loss to follow-up (26.1%), patient request (5.6%), and 

others (5.6%). The treatment persistence rate was 58.1% 

(54/93; 95% confidence interval [CI], 47.4–67.3) for those pa-

tients with an observation period of 156 weeks (Fig. 2). 

Patient demographics and baseline characteristics of the 

safety population are described in Table 1. Overall, 225 pa-

tients (48.7%) were female, with a mean age of 46.3 years. In 

total, 258 patients (55.8%) were diagnosed with complete (25 

patients, 5.4%) or incomplete (233 patients, 50.4%) BD. At 

baseline, 260 patients (56.3%) reported comorbidities, includ-

ing liver (35 patients, 13.5%) and renal disorders (10 patients, 

3.8%). Overall, 445 patients (96.3%) were taking concomitant 

medications. Self-administration errors were reported in 2 of 

the 351 patients (0.6%) who self-administered adalimumab. 

2. Safety
Overall, the safety population was exposed to the study drug 

for 689.6 PY. In total, 212 ADRs were reported in 120 patients 

(25.97%) and 72 serious ADRs were reported in 51 patients 

(11.04%) (Table 2). The most common ADRs and serious 

ADRs by MedDRA system organ class (SOC) were “infections 

and infestations” (any, 10.17%; serious, 3.90%), “investigations” 

(any, 4.76%; serious, 1.08%), “GI disorders” (any, 4.33%; seri-

ous, 2.16%), and “general disorders and administration site 

conditions” (any, 4.11%; serious, 1.30%). Among ADRs of in-

terest, infections were reported in 47 patients (10.17%), TB in 

3 patients (0.65%), injection site reactions in 5 patients 

(1.08%), and malignancy in 1 patient (0.22%). The incidences 

of AEs and serious AEs were 46.98/100 PY and 15.37/100 PY, 

respectively. 

Three patients died during the study period, 2 due to a seri-

ous infection and one due to malignancy. A male patient who 

was diagnosed with pneumonia, colon perforation, and an ab-

scess on day 78 of adalimumab treatment; discontinued adali-

mumab; and was treated with glycopeptide antibiotics and 

antitrichomonal agents; and was transferred to another hospi-

tal where he died. A causal relationship between adalimumab 

and this serious infection was indeterminable. An elderly 

woman with a urinary tract infection was admitted to hospital 

23 days prior to the start of treatment with adalimumab and 

Fig. 1. Patient disposition. aSafety information was missing in the 
case report form (CRF); bGlobal improvement rating data not 
available. 

Registered (n=473) Excluded from the safety population (n=11)
CRF was not collected (n=3)
Treated with adalimumab 

outside the study period (n=3)
Transferred to other hospitals (n=4)
Unevaluable for safetya (n=1)

Included in the effectiveness population (n=383)
  52 Weeks (n=104)
104 Weeks (n=197)
156 Weeks (n=82)

Excluded from the effectiveness population (n=79)
Off-label use (n=1)
Unevaluable for effectivenessb (n=78)

Included in the safety population (n=462)
  52 Weeks (n=146)
104 Weeks (n=223)
156 Weeks (n=93)

Fig. 2. Treatment persistence rate (safety population). aOnly pa-
tients with an observation period of 156 weeks were included in 
this analysis.
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Table 1. Demographic and Baseline Clinical Characteristics for the 
Safety Population 

Characteristic Value (n=462)

Female sex 225 (48.7)

Age (yr) 46.3±17.2

Body weight (kg) 56.2±12.6

BMI (kg/m2) 21.3±3.7

Disease duration (yr) 7.6±8.3

Diagnostic category of BDa 

Complete 25 (5.4)

Incomplete 233 (50.4)

Suspected 177 (38.3)

Other 27 (5.8)

Comorbidities (present) 260 (56.3)

Past medical history (known) 97 (21.0)

Self-administration (yes) 351 (76.0)

TB test conducted 370 (80.1)

Previous treatment (present) 447 (96.8)

Biological agent useb

Adalimumab 24 (5.4)

Infliximab 70 (15.7)

Others 5 (1.1)

Non-biologic agent useb

Aminosalicylates 286 (64.0)

Corticosteroids 320 (71.6)

Immunomodulators 161 (36.0)

Antibiotics 47 (10.5)

Others 193 (43.2)

Concomitant drugs (present) 445 (96.3)

Concomitant drugsc

Aminosalicylates 272 (61.1)

Corticosteroids 273 (61.3)

Tacrolimus/cyclosporine 31 (7.0)

Azathioprine/6-mercaptopurine 142 (31.9)

Enteral nutrients 27 (6.1)

Colchicine 170 (38.2)

Others 362 (81.3)

Values are presented as number (%) or mean±standard deviation.  
aPer Japanese diagnostic criteria5: complete, 4 major symptoms; incomplete, 
3 major/2 major and 2 minor symptoms/typical ocular symptoms and 
one other major symptom/2 minor symptoms; suspected, partial major 
symptoms not satisfying the conditions of abortive type, and recurrence or 
exacerbation of typical minor symptoms; other, no major symptoms.	
bPercentage of patients listed is a subset of the patients with previous 
treatment (n=447).	
cPercentage of patients listed is a subset of the patients taking concomitant 
drugs (n=445).	
BMI, body mass index; BD, Behçet’s disease; TB, tuberculosis.

Table 2. Safety Profile of Safety Population (n=462)

Safety event
Any AE/ADR Serious AE/ADR

Total Event 
ratea Total Event 

ratea 

AEs 165 (35.71) 46.98 75 (16.23) 15.37

ADRs 120 (25.97) 30.74 51 (11.04) 10.44

ADRs of interest 

   Infections 47 (10.17) 11.02 18 (3.90) 3.92

   Injection site reactions 5 (1.08) 0.73 0 0

   Tuberculosis 3 (0.65)b 0.44 1 (0.22) 0.15

   Interstitial pneumonia 2 (0.43) 0.29 1 (0.22) 0.15

   Malignancy 1 (0.22) 0.15 1 (0.22) 0.15

   Autoimmune disease 1 (0.22) 0.15 1 (0.22) 0.15

   Pancytopenia 1 (0.22) 0.15 1 (0.22) 0.15

   Demyelinating disease 0 - 0 -

   Cardiac failure congestive 0 - 0 -

Values are presented as number (%).
aEvent rate (per 100 patient-years).			 
bTwo patients recovered; the status of 1 patient was unknown.		
AE, adverse event; ADR, adverse drug reaction.

then administered adalimumab continuously; however, she 

developed a catheter-related urinary tract infection on day 15 

and sepsis on day 16 resulting in death. Importantly, it was 

concluded that there was no causal relationship between 

adalimumab and sepsis. The third patient, an elderly female 

previously treated for chronic myelomonocytic leukemia 

(CML) was diagnosed with recurrent leukemia on day 280 of 

adalimumab treatment and discontinued adalimumab. On 

day 354, CML recurred and the patient died of increased 

white blood cell count. A causal relationship between adalim-

umab and CML could not be excluded. 

Two female patients tested positive for TB at baseline 

screening. The first patient received prophylactic isoniazid 

300 mg/day prior to adalimumab initiation. She was diag-

nosed with pulmonary TB on day 379 of adalimumab treat-

ment and administered antitubercular treatment (ATT; rifam-

picin 450 mg/day, ethambutol hydrochloride 750 mg/day, 

and pyrazinamide 1 g/day) and injectable quinolone antibiot-

ics and recovered on day 794. It was concluded that there was 

a causal relationship between adalimumab and pulmonary 

TB. The second patient did not receive prophylactic ATT prior 

to adalimumab initiation and was diagnosed with latent TB 

again on day 173 of adalimumab treatment following a posi-

tive QuantiFERON test. Adalimumab was discontinued and 

treatment with prophylactic isoniazid 300 mg/day was initiat-
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Fig. 3. Incidence of adverse drug reactions (ADRs) by patient 
background factors (safety population). P-values determined us-
ing Fisher exact test. aNot related to Behçet’s disease. 
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ed. However, adalimumab was restarted due to the develop-

ment of stomatitis, and 15 days later, the patient recovered. A 

causal relationship between adalimumab and latent TB could 

not be excluded in this patient. In addition, a male patient, 

who tested negative for TB at baseline screening, developed 

TB on day 952 of adalimumab treatment and was transferred 

to another hospital. The outcome of this patient is unknown; 

however, a causal relationship between adalimumab and la-

tent TB could not be excluded. One female patient was diag-

nosed with early-stage breast cancer on day 478 of adalimum-

ab treatment and discontinued therapy. The patient recovered 

following surgery and causal relationship was excluded. 

Of 5 cases with injection site reactions, including one with in-

jection site erythema, 4 cases resolved or were resolving and 

did so in a mean number of 19.3 days (median, 14 days; range, 

1–43 days). The outcome of one case was unknown. No cases of 

de novo or reactivation of hepatitis B infection were reported.

3. Baseline Factors Affecting Safety 
The incidence of ADRs was significantly higher in patients 

with comorbidities than in patients without comorbidities 

(33.5% vs. 16.3%; P < 0.0001), and in patients taking concomi-

tant oral corticosteroids than in those not taking concomitant 

oral corticosteroids (33.0% vs. 15.9%; P < 0.0001) (Fig. 3). Simi-

larly, multivariate regression analysis demonstrated lower 

odds of ADRs in patients who had no comorbidities at base-

line (odds ratio [OR], 0.4056; 95% CI, 0.226–0.729) and in pa-

tients who were not taking concomitant corticosteroids at 

baseline (OR, 0.5183; 95% CI, 0.292–0.921) (see Supplemen-

tary Table 1). The incidence of ADRs was significantly lower in 

patients who self-administered adalimumab compared to 
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those not self-administering adalimumab (23.4% vs. 34.2%; 

P = 0.0257), with multivariate regression analysis demonstrat-

ing higher odds of ADRs in patients who did not self-adminis-

ter adalimumab (OR, 1.8897; 95% CI, 1.011–3.532) (see Supple-

mentary Table 1). 

An assessment of the impact of each of these patient back-

ground factors (comorbidities, concomitant oral corticoste-

roid use, and self-administration of adalimumab) in relation 

to the onset of the 4 most commonly reported ADRs by Med-

DRA SOC (“infections and infestations,” “GI disorders,” “gener-

al disorders and administration site reactions,” and “investiga-

tions”) is shown in Table 3. Overall, serious ADRs were more 

frequently reported in patients who were not self-administer-

ing adalimumab compared to those who self-administered 

adalimumab, a finding that was observed across the 4 most 

common ADRs by MedDRA SOC (“infection and infesta-

tions,” 8.11% vs. 2.56%; “GI disorders,” 4.50% vs. 1.42%; “general 

disorders and administration site reactions,” 2.70% vs. 0.85%; 

and “investigations,” 3.60% vs. 0.28%). Notably, in patients re-

ceiving concomitant corticosteroids, the incidence of any and 

serious infections and infestations was higher (any, 13.92%; 

serious, 5.13%) compared to those who were not receiving 

concomitant corticosteroids (any, 4.76%; serious, 2.12%). 

4. Effectiveness 
In the effectiveness population, 324 patients (84.6%) had a 

global improvement rating of “effective” (n = 156, 40.7%) or 

“markedly effective” (n = 168, 43.9%) at study end. The percent-

age of patients with a global GI score of 0 increased from 

14.2% at baseline, further increasing to 63.3% at week 24; these 

improvements were maintained over the course of the study 

(Fig. 4). Likewise, the percentage of patients with a global GI 

score of 1 increased from 15.0% at baseline to 26.3% at week 4 

and was sustained thereafter (Fig. 4). There was also a signifi-

cant (P < 0.0001) increase in the percentage of patients with 

an improved global GI score at week 52 and at the last evalua-

tion time point.

Upon endoscopic evaluation, the percentage of patients 

with a ≥ 50% reduction in the size of the largest ulcer gradually 

increased from 47.1% at weeks 0–24 to 68.2% at weeks 104–

156 (Fig. 5). Treatment with adalimumab was also associated 

with resolution of non-GI BD symptoms. From baseline to the 

last evaluation time point, there was a decrease in the number 

of patients reporting oral aphthous ulcers (183 vs. 62 [33.9%]), 

skin symptoms (96 vs. 23 [24%]), eye symptoms (4 vs. 0 [0%]), 

and genital ulcers (51 vs. 13 [25.5%]) (Table 4). Following 

adalimumab treatment, mean ± SD CRP levels decreased 

more than 3-fold from baseline (1.96 ± 3.36 mg/dL; n = 324) to 

week 24 (0.58 ± 1.59 mg/dL; n = 208). Further gradual decreas-

es were observed up to week 156 (0.25 ± 0.62 mg/dL; n = 37) 

(Fig. 6).

Fig. 4. Percentage of patients achieving improvement in global gastrointestinal symptom score. P-value determined using Wilcoxon signed-
rank test.
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5. Discontinuation of Concomitant Corticosteroid
In the safety analysis population, the number of patients using 

concomitant corticosteroids decreased from baseline (n = 250) 

to weeks 4 (226/236; 95.8%), 8 (207/227; 91.2%), 12 (195/221; 

88.2%), 24 (157/207; 75.8%), and 52 (121/186; 65.1%).

DISCUSSION

To the best of our knowledge, this is the first study to evaluate 

the long-term safety and effectiveness of an anti-TNF-α agent 

in a large population of patients with intestinal BD. Notably, 

nearly 60% of patients who were followed up for 156 weeks 

continued treatment, indicating that adalimumab was well 

tolerated over the long-term. Overall, the safety profile of adali-

mumab was consistent with that previously reported in clini-

cal trials in patients with BD in Japan,6,12 as well as in other ap-

proved indications.29 Moreover, this study did not identify any 

new safety signals. 

The most frequently reported ADRs were “infections and in-

festations,” “GI disorders,” and “general disorders and adminis-

tration site conditions;” these findings were consistent with 

those from a recent 24-week PMS that evaluated the safety 

and effectiveness of adalimumab in 1,693 Japanese patients 

with Crohn’s disease (CD).26 Crucially, the incidences of ADRs 

(30.74/100 PY) and serious ADRs (10.44/100 PY) reported in 

this study were lower than those reported in the PMS study in 

patients with CD (ADRs, 76.1/100 PY; serious ADRs, 18.3/100 

PY),26 highlighting that long-term administration of adalim-

umab in a real-world setting was well tolerated. In addition, 

the rate of serious infections reported in this study (3.92/100 

PY) was consistent with that previously reported in other dis-
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Fig. 5. Improvement in endoscopic findings.
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Table 4. Percentage of Patients Reporting Resolution of Non-Gas-
trointestinal Behçet’s Disease Symptoms (Effectiveness Population)	

Observation period No. of total 
patientsa 

Patients with 
symptoms

Oral aphthous ulcers

Week 0 183 183 (100.0)

Week 52 113 29 (25.7)

Week 104 85 26 (30.6)

Week 156 17 5 (29.4)

At last evaluation time point 183 62 (33.9)

Skin symptoms

Week 0 96  96 (100.0)

Week 52 67 11 (16.4)

Week 104 43  9 (20.9)

Week 156 13 0

At last evaluation time point 96 23 (24.0)

Eye symptoms

Week 0 4 4 (100.0)

Week 52 4 1 (25.0)

Week 104 4 0

Week 156 1 0

At last evaluation time point 4 0

Genital ulcer

Week 0 51 51 (100.0)

Week 52 35 8 (22.9)

Week 104 18 4 (22.2)

Week 156 6 1 (16.7)

At last evaluation time point 51 13 (25.5)

Values are presented as number (%).		
aPatients who were evaluated at baseline and at any of the subsequent 
time points.
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highlighting the need for increased clinical awareness of these 

potential infections, especially early in the course of treatment.

Pathergy reaction, a non-specific, skin hypersensitivity to a 

needle prick, is a unique feature of BD and also, one of the mi-

nor diagnostic criteria by the International Study Group for 

Behçet’s Disease.34 However, injection site reactions were re-

ported in only approximately 1% of patients in this study. 

Moreover, the incidence of injection site reactions in this study 

(0.73/100 PY) was considerably lower than that of general dis-

orders and administration site reactions (14.3/100 PY) report-

ed in the PMS in Japanese patients with CD,26 potentially sug-

gesting that pathergy does not affect the incidence of injection 

site reactions in patients with BD receiving adalimumab treat-

ment. Interestingly, self-administration errors were only re-

ported in 2 of  351 patients (0.6%) who self-administered 

adalimumab. This is considerably lower than that reported 

from the PEARL survey, which questioned 124 outpatients 

with CD on adalimumab self-injection at 4 university hospi-

tals, and reported that injection failures, including leakage of 

drug solution, disconnection of the needle, and the needle 

failing to reach the subcutaneous areas, occurred in 11.4% of 

patients. However, the PEARL survey also reported that self-

administration was linked to greater patient satisfaction and 

improved drug adherence.35 This, combined with the fact that 

both our study and the PMS study in Japanese patients with 

CD26 reported injections administered by medical personnel 

as risk factors affecting the safety of adalimumab, suggests 

that self-administration of adalimumab could be safely imple-

mented in patients with intestinal BD. However, it is probable 

that many of the patients who received injections from medi-

cal personnel in this study had more severe disease and were 

therefore not permitted to self-inject. 

This long-term study also confirmed the rapid and consis-

tent rate of disease improvement with adalimumab, which 

was observed as early as week 4. At week 52 in the current 

study, 85% of patients were free of symptoms or reported 

symptoms that did not affect daily life (global GI score ≤ 1), 

which was slightly higher than that achieved in the phase 3 tri-

al in Japanese patients with BD.12 Moreover, this percentage 

increased to 88% at week 104, which was considerably higher 

than that reported in the open-label extension of the phase 3 

trial at week 100 (45%).6 These improvements were sustained 

over the course of the study. 

In line with previously reported studies in patients with in-

testinal BD,6,12 improvement in the endoscopic appearance of 

ulcers was observed early, with the largest ulcer reduced by 

ease states following adalimumab treatment (4.7/100 PY and 

5.1/100 PY in 2 rheumatoid arthritis studies and 4.5/100 PY 

and 6.6/100 PY in 2 CD studies).26,29-31

There is a recognized risk of TB during anti-TNF-α thera-

py.29,30 Consequently, TB was an ADR of particular interest in 

this study. Overall, the incidence of TB of 0.15/100 PY in this 

study was comparable to that of a long-term safety analysis in 

15,132 patients receiving adalimumab in global rheumatoid 

arthritis trials.29 In total, there were 3 reported cases of TB, in-

cluding 2 patients who tested positive for TB at baseline and 

received ATT. Both patients recovered following treatment 

with ATT and continued adalimumab treatment. All patients 

require testing for TB and if positive, should receive ATT prior 

to initiation of adalimumab.30 However, nearly one in 5 pa-

tients in the current study were not screened for TB; this may 

be explained by the fact that a relatively high proportion of pa-

tients had previously received treatment with an anti-TNF-α 

agent, and were likely tested prior to enrolment into this study.

An assessment of potential patient baseline background 

factors that may affect the onset of ADRs revealed that the in-

cidence of ADRs was significantly higher in patients with co-

morbidities, patients taking concomitant oral corticosteroids, 

and those not self-administering adalimumab. These findings 

were confirmed by the results of multivariate analyses that 

demonstrated an approximately 40%–50% reduction in the 

odds of ADRs in patients without comorbidities and who were 

not taking concomitant oral corticosteroids, and an approxi-

mately 2-fold increase in the odds of ADRs in patients who 

were not self-administering adalimumab. This is in line with 

the findings from the PMS study in Japanese patients with CD, 

which also identified concomitant use of corticosteroids, co-

morbidities, and injections administered by medical person-

nel as risk factors affecting the safety of adalimumab treat-

ment.26 Likewise, results from an analysis of the phase 3, ran-

domized, double-blind, 1-year CHARM trial and its 2 year 

open-label extension trial ADHERE in patients with CD on 

adalimumab treatment, reported that the incidence of serious 

infections was higher in patients taking corticosteroids at 

baseline than in those who were not.32 Interestingly, similar 

findings have been reported with the anti-TNF-α infliximab, 

with results from the TREAT registry that examined long-term 

safety data in 6,290 patients with CD reporting that concomi-

tant corticosteroid use was an independent predictor of seri-

ous infection (OR, 2.21; 95% CI, 1.46–3.34; P < 0.001).33 Taken 

together, these findings highlight an association between con-

comitant corticosteroid use and the risk of serious infections, 
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≥ 50% in 47.1% of patients between weeks 0 and 24; this in-

creased to 67.7% of patients between weeks 52 and 104 and 

was sustained thereafter, thereby confirming the long-term ef-

ficacy of adalimumab in patients with intestinal BD in real-

world practice. Previous studies reported that adalimumab is 

associated with the resolution of non-GI BD symptoms, with 

results from the phase 3 trial in Japanese patients with BD re-

porting that two-thirds of patients with oral aphthous ulcers 

and genital ulcers and 88% of patients with erythema nodo-

sum had complete resolution of these symptoms at week 52.12 

In addition, results from retrospective studies and case series 

have also reported resolution of both oral ulcers36 and ocular 

symptoms37-39 following adalimumab treatment. These find-

ings have also been replicated in patients with CD, with results 

from CARE study, a large pan-European cohort of 945 patients 

with moderate to severe CD,40 and a post hoc analysis of 

pooled data from 11 adalimumab clinical trials41 reporting 

substantial rates of resolution of CD-associated extraintestinal 

manifestations, including oral, skin, and ocular symptoms, fol-

lowing adalimumab treatment. Unsurprisingly, treatment 

with adalimumab was also associated with resolution of non-

GI BD symptoms in this study. Overall, two-thirds of patients 

with oral aphthous ulcers and three-quarters of patients with 

genital ulcers and skin symptoms had resolution of these con-

ditions at the last evaluation time point. In addition, all pa-

tients achieved resolution of ocular symptoms at the last eval-

uation time point. The mean serum levels of CRP decreased 

from baseline following adalimumab treatment, demonstrat-

ing biologic anti-inflammatory activity.

 During the course of the study, just under one-third of pa-

tients were able to discontinue corticosteroids at week 52. This 

was considerably lower than that reported in the phase 3 trial 

and its open-label extension in Japanese patients with BD, 

where two-thirds of patients discontinued corticosteroid use at 

week 52 and over 50% of patients discontinued at week 100.6,12 

However, in the phase 3 study, investigators were permitted to 

taper and discontinue corticosteroids in responders from 8 

weeks and 24 weeks onwards, respectively.12 In contrast, there 

were no such predefined criteria in the current study, with cor-

ticosteroid discontinuation based on the treating physician’s 

discretion; this factor could have contributed to the lower pro-

portion of patients who discontinued corticosteroids in the 

current study. Moreover, baseline data were not available for all 

baseline corticosteroid users at all time points. Nevertheless, 

results from this study highlight that patients can successfully 

discontinue corticosteroids in real-world practice.

This study has several strengths. Of particular importance is 

the fact that the safety and effectiveness of adalimumab in a 

large population of patients with intestinal BD could be as-

sessed over the long-term in routine clinical practice. This 

study also provides further evidence on the use of anti-TNF-α 

treatment in patients with intestinal BD, which is a rare form 

of BD, in a real-world setting. As this study enrolled patients 

with intestinal BD who received adalimumab following its ap-

proval for this indication and without any additional inclusion 

criteria, results can be generalized to the population of Japan 

with intestinal BD. However, this study has several limitations. 

Some of the limitations are inherent to the observational de-

sign of the PMS, including potential bias that may arise from 

open-label evaluation. In addition, routine clinical settings re-

sulted in limitations such as the inability to control use of con-

comitant treatment and the inability to obtain data at all time 

points, which may compromise interpretation of data. In con-

clusion, results from this real-world study in a large cohort of 

patients from Japan demonstrated that adalimumab is safe 

and effective for the treatment of intestinal BD. Long-term 

treatment with adalimumab was well tolerated without any 

unexpected AEs. In addition, adalimumab treatment led to 

sustained reduction in clinical and endoscopic disease activity. 
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Baseline factor Odds ratio 95% CI

Previous use of infliximab

No (control group) - -

Yes 1.7447 0.876–3.474

Concomitant use of immunomodulators

No (control group) - -

Yes 1.1247 0.639–1.980

Concomitant use of corticosteroid

No 0.5183 0.292–0.921

Yes (control group) - -

Diagnostic categories of Behçet’s disease

Incomplete type (control group) - -

Complete type 1.1078 0.291–4.218

Suspected 1.1260 0.634–2.000

Others 0.6313 0.153–2.611

ADR, adverse drug reaction; CI, confidence interval.	

Supplementary Table 1. ContinuedSupplementary Table 1. Baseline Patient Factors Considered to 
Affect the Incidence of ADRs 		

Baseline factor Odds ratio 95% CI

Age (yr)

<15 0.3752 0.037–3.830

15 to<65 (control group) - -

≥65 0.9165 0.414–2.029

Sex

Male (control group) - -

Female 1.0132 0.561–1.831

Disease duration (yr)

<2 (control group) - -

2 to<5 1.0933 0.517–2.311

5 to<10 1.0491 0.471–2.339

≥10 1.1363 0.559–2.311

Comorbidity

No 0.4056 0.226–0.729

Yes (control group) - -

Past medical history

No (control group) - -

Yes 1.3918 0.752–2.575

History of allergy

No (control group) - -

Yes 1.0109 0.515–1.986

History of smoking

No (control group) - -

Yes 1.0321 0.536 –1.988

Self-administration of adalimumab

No 1.8897 1.011–3.532

Yes (control group) - -

(Continued to the next)


