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Abstract We evaluated the efficacy, pharmacokinetics,

and safety of adalimumab in Japanese patients with active

ankylosing spondylitis (AS) who had an inadequate

response to, or who were intolerant of, treatment with C1

nonsteroidal anti-inflammatory drugs (NSAIDs). This

phase 3, multicenter, open-label trial assessed the per-

centage of patients with a 20% response in the Assessment

of SpondyloArthritis international society working group

criteria (ASAS20) at week 12 as the primary endpoint.

Secondary outcome measures included assessments of

disease activity, clinical response, functionality, and spinal

mobility at weeks 12 and 60. Serum trough adalimumab

concentrations were summarized using descriptive statis-

tics. The adverse event profile was summarized for patients

who received at least one dose of the study drug during the

assessment period. At week 12, 73.2% (30/41) achieved an

ASAS20 response and nearly 40% met ASAS partial

remission criteria; proportions were maintained after up to

60 weeks of therapy. Mean adalimumab concentrations

reached steady-state between weeks 12 and 20. Ada-

limumab was generally safe and well tolerated, with

approximately 90% of adverse events considered to be

mild. These results support the use of adalimumab as a safe

and effective therapy for Japanese patients with active AS.
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Introduction

Ankylosing spondylitis (AS) is a chronic and debilitating

inflammatory disease of the axial skeleton, large peripheral

joints, and entheses [1]. AS belongs to a group of diseases

known as the spondyloarthritides, many of which share

common features of sacroiliitis, human leukocyte antigen

(HLA)-B27 positivity, extra-articular manifestations (e.g.,

uveitis, inflammatory bowel disease, etc.), and/or enthesi-

tis. In Caucasians, the prevalence of AS is estimated to be

as high as 0.9% [2], but the prevalence is estimated to be

substantially lower in Japanese (0.0065%) [3] owing to

reduced HLA-B27 positivity among Asian populations [4].

Disease onset, typically occurring by the third decade of

life, is often missed in the primary care setting, as it can

take several years for the chronic lower back pain to

develop the hallmark of active disease, sacroiliitis [5].

In certain AS patients, the course of disease progression

can lead to significant structural damage, syndesmophyte

formation, functional impairment, and poor quality-of-life

outcomes. As a result, individual and societal costs are high

for AS [6–8].

There is a paucity of effective treatment options avail-

able to patients with AS. Traditional disease-modifying

antirheumatic drugs (DMARDs) and systemic corticoste-

roid therapy are often ineffective in treating the signs

and symptoms of AS [9]. Instead, treatment regimens

often begin with physical modalities and/or nonsteroidal
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anti-inflammatory drugs (NSAIDs), but these may not

adequately control disease symptoms in many patients and,

in the case of NSAIDs, can be associated with toxicities

[10]. The proinflammatory cytokine, tumor necrosis factor

(TNF), has been found in increased concentrations in joints

of patients with AS and has been identified in biopsies of

affected sacroiliac joints [11]. In Western patients, TNF

inhibition through application of biologic therapies is

highly effective at improving the signs and symptoms of

active AS, restoring physical function, increasing spinal

mobility, and reducing the concentration of acute-phase

reactants [12–19].

Adalimumab is a recombinant, fully human, anti-TNF

monoclonal antibody indicated for treating active AS and

has a favorable risk–benefit profile, which was established

in the Adalimumab Trial Evaluating Long-Term Efficacy

and Safety for Ankylosing Spondylitis (ATLAS) and M03-

606 pivotal, placebo-controlled studies in Western patients

[17, 18]. Because genetic, environmental, and/or cultural

differences among disparate populations may result in

unexpected clinical response rates, our study was designed

to test adalimumab efficacy, pharmacokinetics (PK), and

safety in Japanese patients with active AS who have had an

inadequate response to, or intolerance of, one or more

NSAIDs. The primary and secondary endpoints of this

study were designed to mirror those obtained in the

ATLAS and M03-606 studies [17, 18].

Methods

Patients

Patients were at least 15 years of age at the time of

informed consent and met the definition of AS based on the

modified New York criteria [20]. Patients must have had

active disease at the time of enrollment, as defined by the

fulfillment of at least two of the following: Bath Anky-

losing Spondylitis Disease Activity Index (BASDAI) score

on a visual analog scale (VAS) C4 cm (BASDAI was

measured using a VAS to allow for a more accurate

determination of changes from baseline), total back pain on

a VAS C40 mm, or duration of morning stiffness C1 h.

Patients must have had an inadequate response to, or

intolerance of, one or more NSAIDs, as defined by the

investigator. Patients could have failed one or more

DMARDs. Ongoing treatment with NSAIDs, methotrexate

(MTX B8 mg/week), sulfasalazine (SSZ B1 g/day), or

corticosteroids (prednisone, prednisone equivalents,

B10 mg/day) was allowed during the study if the patient

was on a stable dose for at least 4 weeks prior to baseline

through week 16. Patients with total spinal ankylosis

(bamboo spine) were also eligible for enrollment. Patients

with psoriasis, uveitis, inflammatory bowel disease (e.g.

ulcerative colitis, Crohn’s disease, etc.), and reactive

arthritis were allowed to enroll in the study as long as these

conditions were stable and well controlled as defined by the

investigator’s clinical judgment, for at least 4 weeks prior

to screening.

Patients with a history of cancer, lymphoma, leukemia,

or lymphoproliferative disease—other than a successfully

treated nonmetastatic cutaneous squamous- or basal-cell

carcinoma in situ of the cervix—were excluded from

enrollment. Similarly, patients were excluded if they had a

history of human immunodeficiency virus (HIV) infection

or other immunosuppressive disorder, or if they had

experienced a recent infection that required hospitalization

or treatment with anti-infectives. Patients with a poorly

controlled medical condition, such as uncontrolled diabe-

tes, congestive heart failure, or recent cerebrovascular

accident, were also excluded. Patients were screened for

latent tuberculosis (TB) infection using a purified protein

derivative (PPD) skin test and a chest X-ray. Patients with

active TB were excluded from the study. Patients identified

as having latent TB (PPD C5 mm of induration or abnor-

mal chest X-ray) were eligible for the study if they

began prophylactic treatment (isoniazid 300 mg/day for

9 months) at least 3 weeks prior to the first administration

of study drug. Patients who received anti-TNF therapy at

any time prior to study entry, or any other biological or

investigational biological agent in the past 6 months or five

half-lives prior to baseline (whichever was longer), were

excluded. Patients were also excluded if they had neuro-

logical symptoms suggestive of central nervous system

demyelinating disease or if they had received DMARD

therapy other than MTX or SSZ or any other immuno-

suppressants within 4 weeks prior to baseline. Patients

were assessed for eligibility based on all inclusion and

exclusion criteria during a 2-week screening period.

This study was conducted at 19 centers in Japan. The

institutional review board (IRB) of each study site

reviewed the ethical, scientific, and medical appropriate-

ness of the protocol prior to study initiation. The study was

conducted in compliance with the ethical principles of the

year 2000 version of the Declaration of Helsinki. Patients

provided written informed consent and complied with the

requirements set forth in the study protocol. For patients

\20 years of age, a parent or legal guardian also must have

provided written informed consent.

Study design

This was a phase 3, multicenter, open-label trial of ada-

limumab in Japanese patients with active AS who had an

inadequate response to, or who were intolerant of, treat-

ment with one or more NSAIDs. Enrolled patients received
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adalimumab 40 mg every other week (eow) until the time

of adalimumab approval for the AS indication in Japan.

Patient data for up to 60 weeks of adalimumab therapy are

presented in this analysis. Efficacy, PK, and safety were

assessed at baseline, weeks 2, 4, 8, 12, 16, 20, 24, and

every 12 weeks after week 24. Patients were to be injected

with the study drug within a 3-day window from baseline

to week 24, and within a 7-day window on or after week

26. An interval of at least 7 days was to be taken between

any consecutive adalimumab injections. Patients who

received proper training on self-injection techniques and

agreed to record any relevant information regarding self-

injection were allowed to conduct self-injection on or after

week 2. Patients who completed 16 weeks of therapy but

failed to achieve a 20% response in the Assessment of

SpondyloArthritis international society working group

criteria (ASAS20) on or after week 16 could have their

dose of adalimumab increased to 80 mg eow, which would

be continued throughout the study. Patients completing the

study or discontinuing prematurely were to have a 4-week

follow-up after the last dose of study drug and a 70-day

follow-up to assess safety.

Efficacy evaluations

The primary efficacy endpoint was the percentage of

ASAS20 responders at week 12. An ASAS20 response was

defined as C20% improvement in three of the following

four domains, with no deterioration (defined as a worsening

of C20% and a net worsening of C10 U) in the remaining

domain: patient’s global assessment of disease activity

(PaGA), total back pain (on a VAS), functionality [through

the Bath Ankylosing Spondylitis Functional Index (BAS-

FI), on a VAS scale], and inflammation (mean of BASDAI

questions 5 and 6) [21]. An ASAS20 response rate of at least

40% was required to satisfy study efficacy criteria. This rate

was established on the basis of the lower limit of the 95%

confidence interval (CI) of normal approximation following

combination of efficacy results from the ATLAS and

M03-606 studies (expected response = 56.5 ± 17.7%).

The effect of concomitant medications (e.g., DMARDs,

corticosteroids, etc.) and total spinal ankylosis on the pri-

mary efficacy endpoint was summarized. Secondary effi-

cacy variables by visit included the following: ASAS20/50/

70 responses, change in PaGA, change in total back pain,

change in BASFI, change in C-reactive protein (CRP),

BASDAI50 response, change in Bath Ankylosing Spondy-

litis Metrology Index (BASMI), change in the Maastricht

Ankylosing Spondylitis Enthesitis Score (MASES), chan-

ges in physical and mental components of the SF-36, the

short-form health assessment with 36 questions, and the

percentages of patients achieving ASAS40 (defined as

improvement of C40% and absolute improvement of

C20 U from baseline in three or more of the four domains

of the ASAS20, with no worsening in the potential

remaining domain) and ASAS partial remission [defined as

a value \20 on a 0–100 scale in each of the four ASAS

domains (PaGA, pain, function, and inflammation)]

responses. At weeks 12 and 60, the percentage of patients

achieving an ASAS 5/6 [defined as a C20% improvement in

five of the six domains (BASFI, total back pain, PaGA,

inflammation, BASMI, and CRP)] response was summa-

rized. All efficacy data were summarized using last obser-

vation carried forward (LOCF).

Pharmacokinetic evaluations

Blood samples to determine concentrations of adalimumab

and antiadalimumab antibodies (AAA) were collected at

baseline and weeks 2, 4, 8, 12, 16, 20, 24, and every

12 weeks thereafter, prior to adalimumab injection (to

obtain serum trough concentrations). Concentrations of

adalimumab and AAA were quantified using a validated

enzyme-linked immunosorbent assay (ELISA), based on a

double-antigen technique [22]. The lower limit of quanti-

tation (LLOQ) for adalimumab was established at

3.125 ng/mL in diluted serum; concentrations less than the

LLOQ were considered to be undetectable (i.e. 0). Mean

adalimumab concentrations were determined separately for

patients who received concomitant MTX therapy and for

those who received adalimumab without concomitant

MTX therapy. Individual adalimumab concentrations were

plotted for patients receiving an escalated dose of ada-

limumab. The LLOQ for AAA was established at 1.0 ng/mL

in diluted serum. Samples with serum adalimumab con-

centrations \2 lg/mL were analyzed for AAA and were

considered positive if the measured AAA concentration

was [20 ng/mL in diluted serum. Serum trough ada-

limumab and AAA concentrations were summarized using

descriptive statistics.

Safety evaluations

The safety assessment group consisted of all patients who

received at least one dose of the study drug during the

assessment period. A treatment-emergent adverse event

(TEAE) was defined as an AE with onset or worsening

after the patient’s first injection of the study drug and up to

70 days after the patient’s last injection. The number and

percentages of patients experiencing a TEAE, as well as

the number of events, were tabulated using the Medical

Dictionary for Drug Regulatory Affairs (MedDRA) system

organ class and MedDRA preferred terms (v11.0). In

addition, a summary of AEs by severity (severe, moderate,

mild) and relationship to the study drug (probably related,

possibly related, probably not related, not related) as
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assessed by the investigator was tabulated. Severe and

serious AEs, including serious infections, malignancies,

tuberculosis, and death, were summarized. Any TEAE

leading to study discontinuation was also summarized.

Results

Patient disposition and baseline demographics

and disease characteristics

Data were collected for patients enrolled at 19 centers

across Japan from 17 March 2008 to 21 November 2009. A

total of 41 patients entered the study, 40 of whom com-

pleted 12 weeks of open-label adalimumab treatment.

Thirty-seven patients (90.2%) received open-label ada-

limumab treatment through week 60. Of the four discon-

tinuations occurring prior to week 60, two occurred as a

result of AEs (please see below), one was discontinued for

not satisfying entry criteria (which was determined only

after the first dose of the study drug), and the fourth relo-

cated and was no longer within proximity to the investi-

gator’s practice. In general, baseline demographics and

disease characteristics of the enrolled patients were typical

of the Western study populations with active AS enrolled

in pivotal trials of various anti-TNF therapies [15–17, 19]

(Table 1), with a mean BASDAI score of 6.2 cm and mean

total back pain of 63.0 mm on VAS. However, average

disease duration at baseline (4.1 years) was considerably

lower than was observed in the Western anti-TNF pivotal

trials [15–17]. Further, more patients received concomitant

DMARDs [n = 24 (58.5%): 16 received MTX, 12 received

SSZ] and corticosteroid [n = 19 (46.3%)] therapy, albeit at

lower average doses (data not shown). All 41 patients

(100%) received ongoing NSAID therapy at study entry.

With respect to history of extra-articular manifestations

typically seen with AS, three patients had been diagnosed

with psoriasis, eight had a history of uveitis, and two had

preexisting inflammatory bowel disease (both were ulcer-

ative colitis). A total of seven patients (17.1%) were

deemed by their rheumatologist to have total spinal

ankylosis.

Efficacy

Of the 41 patients enrolled in the study, 30 (73.2%) met the

primary endpoint of ASAS20 response at week 12 (Fig. 1).

This percentage surpassed the prespecified efficacy crite-

rion of 40%. Medications taken with adalimumab did not

appear to alter ASAS20 response rates. Comparable

ASAS20 response rates were observed for patients treated

with or without concomitant DMARD at baseline [75.0%

(n = 18/24) vs. 70.6% (n = 12/17), respectively] and for

patients treated with or without concomitant corticoste-

roid therapy [68.4% (n = 13/19) vs. 77.3% (n = 17/22),

respectively]. Similarly, comparable ASAS20 response rates

were observed for patients with and without total spinal

ankylosis [71.4% (n = 5/7) vs. 73.5% (n = 25/34), respec-

tively]. Further, more substantial improvements in ASAS

response criteria were observed within the first 12 weeks of

adalimumab therapy. A total of 23 (56.1%) and 13 (31.7%)

patients achieved ASAS50 and ASAS70 responses, respec-

tively, at week 12 (Fig. 1). These clinical improvements

occurred rapidly and were observed within 2 weeks of ada-

limumab initiation, with rates approaching the maximum

observed levels within 12 weeks. Response rate magnitude

was either sustained or improved at the time points evaluated

over the 60-week period of adalimumab therapy.

Further, adalimumab treatment led to effective dis-

ease management, with 68.3% of patients achieving an

ASAS5/6 response following 12 weeks of therapy (Fig. 2).

Table 1 Baseline demographics and disease characteristics

Patient characteristics Adalimumab (N = 41)

Age (years) 37.2 ± 12.2

Male, n (%) 32 (78)

HLA-B27 positive, n (%) 20 (48.8)

Duration of AS (years) 4.1 ± 6.6

Duration of AS \10 years, n (%) 35 (85.4)

Total spinal ankylosis, n (%) 7 (17.1)

Baseline DMARD use, n (%)a 24 (58.5)

Baseline NSAID use, n (%) 41 (100.0)

Baseline corticosteroid use, n (%) 19 (46.3)

Global assessment (0–100 mm VAS) 64.5 ± 17.2

Total back pain (0–100 mm VAS) 63.0 ± 17.7

Inflammation (0–10 cm VAS) 6.3 ± 2.2

BASFI (0–100 mm VAS) 37.8 ± 23.2

BASDAI (0–10 cm VAS) 6.2 ± 1.5

CRP, mg/dL 1.6 ± 1.6

BASMI (0–10) 4.0 ± 2.1

Chest expansion (0–10 cm) 2.8 ± 1.7

SJC (0–44 joints) 1.7 ± 3.3

TJC (0–46 joints) 4.8 ± 8.1

Physical component of the SF-36 33.7 ± 8.9

Mental component of the SF-36 40.9 ± 11.5

All values are mean ± standard deviation, unless otherwise indicated

HLA-B27 human leukocyte antigen-B27, AS ankylosing spondylitis,

DMARD (nonbiologic) disease-modifying antirheumatic drug, NSAID
nonsteroidal anti-inflammatory drug, VAS visual analog scale, BASFI
Bath Ankylosing Spondylitis Functional Index, BASDAI Bath

Ankylosing Spondylitis Disease Activity Index, CRP C-reactive

protein, BASMI Bath Ankylosing Spondylitis Metrology Index, SJC
swollen joint count, TJC tender joint count, SF-36 short-form health

status survey of 36 questions
a Ongoing DMARD treatment was allowed to continue for patients

receiving a stable dose of methotrexate and/or sulfasalazine
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Similarly, 63.4% of patients achieved an ASAS40 response

at week 12, and nearly 40% exhibited an ASAS partial

remission response. The proportions of patients achieving

ASAS5/6, ASAS40, and ASAS partial remission responses

were all maintained at week 60.

Mean improvements in the four domains of the ASAS

response—PaGA, total back pain, BASFI, and inflamma-

tion—were observed within 12 weeks of adalimumab ini-

tiation (Table 2). In fact, each of these four response

measures were reduced to less than half of their baseline

values within 12 weeks of adalimumab treatment. These

improvements were maintained at all time points evaluated

throughout the 60 weeks of adalimumab therapy (Table 2,

and data not shown). Similar improvements were observed

across a range of AS signs and symptoms following treat-

ment with adalimumab, including improvements in the

concentration of acute-phase reactants (CRP), in spinal

mobility (BASMI), and in enthesitis (MASES) scores

(Table 2). In addition, adalimumab treatment led to a

clinically relevant decrease (C22.5% decrease, [23]) in the

mean BASDAI score. Following 12 weeks of therapy, 27 of

41 patients (65.9%) achieved a 50% improvement in

BASDAI response, and a similar proportion maintained this

response at all time points evaluated through week 60.

Treatment with adalimumab improved mean patient

scores in both the physical and mental components of the

SF-36 questionnaire in clinically meaningful increments

(C3.0 points, [24]) by week 12, and this level of response

was maintained at all time points evaluated through

60 weeks.

A total of six patients (14.6%) failed to reach an

ASAS20 response on or after week 16 and received an

increased dose of adalimumab (dose escalation to 80 mg

eow). Following the dose increase, two of these six patients

achieved an ASAS20 response at follow-up visits and

maintained this response at week 60. Although the

remaining four patients either failed to achieve or maintain

an ASAS20 response through week 60, each experienced

improvements in at least one of the objective variables (e.g.

CRP, BASMI, chest expansion, MASES).

Pharmacokinetics

In patients with RA, serum clearance of adalimumab is

lower when MTX is coadministered [22, 25]. Therefore,

serum trough adalimumab concentrations were evaluated

separately for patients who received adalimumab with

MTX (n = 15) and for those who received adalimumab

without MTX (n = 23). Similarly, adalimumab concen-

trations were assessed separately following dose escalation.

Mean (SD) concentrations for patients receiving ada-

limumab with and without MTX reached steady-state by

week 20 at 11.44 (4.93) lg/mL and week 12 at 8.03

(4.87) lg/mL, respectively, and remained relatively con-

stant at all time points evaluated through 60 weeks of

therapy (Fig. 3a). Dose escalation was associated with a

concomitant increase in serum trough adalimumab con-

centrations for the majority (n = 4/6, 66.7%) of patients

(Fig. 3b) but had little impact on the concentration of

adalimumab in the remaining two patients.

Fewer than 10% (n = 4/41) of patients treated with

adalimumab tested positive for AAA at one or more visits

on or before week 24; none of the 16 patients who received

concomitant MTX therapy and only one of the 12 who

received concomitant SSZ therapy became AAA positive.

Of the four patients who became AAA positive during the

course of the study, only two remained AAA positive at

week 60. Both patients had received adalimumab dose

escalation, and one achieved an ASAS20 response at week

Fig. 1 Percentages of patientsa who achieved Assessment of Spond-

yloArthritis international society working group criteria (ASAS)20,

ASAS50, and ASAS70 responses by visit

Fig. 2 Percentages of patients who achieved Assessment of Spond-

yloArthritis international society working group criteria (ASAS)5/6,

ASAS40, and ASAS partial remission responses following 12 and

60 weeks of adalimumab therapy
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36 and maintained it at week 60. The other did not meet an

ASAS20 response at any visit subsequent to the develop-

ment of AAA-positive status. The remaining two patients

became AAA negative prior to study end; both were

ASAS20 responders at week 60.

Safety

Patients were treated with adalimumab for a mean (SD)

duration of 391.6 (92.8) days. During this time and through

the safety follow-up period, all 41 patients experienced at

least 1 AE (Table 3), the majority of which were reported

to be mild. Four patients (9.8%) experienced a total of

seven serious AEs (SAEs), including one case each of

thrombocytopenia, periodontitis, intervertebral discitis,

osteomyelitis, pneumonia, breast cancer, and adenomyosis.

The events of intervertebral discitis and osteomyelitis, the

only two SAEs considered at least possibly or probably

related to adalimumab, occurred in one patient, as did the

events of pneumonia and breast cancer; adalimumab ther-

apy was discontinued prior to week 60 in both of these

patients as a result of these SAEs. All four of these events

resolved and were not reported throughout the duration of

safety follow-up. A total of 25 patients (61.0%) experi-

enced 51 infectious AEs, with nasopharyngitis as the most

frequent infectious AE to be reported. Other than the two

events requiring study discontinuation (intervertebral dis-

citis and osteomyelitis in one patient), all remaining events

resolved with appropriate treatment and did not lead to

early study termination. One patient developed an oppor-

tunistic infection (cytomegalovirus), which, although con-

sidered to be moderate in severity, resolved with treatment.

Injection-site reactions represented the next most com-

mon AE, with 19 events occurring in nine patients (22.0%).

Of these, injection-site erythema was the most frequent

(14.6% of patients). All injection-site reactions were

reported to be mild, and all but one resolved without the

need for treatment. A total of 15 hepatic events were

reported in 13 patients (31.7%), of which abnormal liver

function (n = 8, 19.5%) and hepatic steatosis (n = 3,

7.3%) had incidence rates C5%. In general, hepatic-related

AEs were associated with alanine transaminase (ALT) or

aspartate aminotransferase (AST) values that exceeded or

Table 2 Summary of mean changes in clinical signs and symptoms

from baseline to week 12 and baseline to week 60

Assessment Baseline to week 12 Baseline to week 60

PaGA

(0–100 mm VAS)

-34.6 (-42.8, -26.3) -38.7 (-47.3, -30.2)

Total back pain

(0–100 mm VAS)

-35.6 (-43.7, -27.6) -37.8 (-45.9, -29.7)

BASFI

(0–100 mm VAS)

-19.4 (-24.5, -14.3) -21.0 (-27.1, -14.9)

Inflammation

(mean of questions 5

and 6 on the BASDAI)

(0–10 cm VAS)

-3.6 (-4.6, -2.7) -4.0 (-4.9, -3.1)

BASDAI

(0–10 cm VAS)

-3.4 (-4.2, -2.7) -3.9 (-4.6, -3.2)

CRP, mg/dl -1.2 (-1.6, -0.8) -1.4 (-1.8, -1.0)

BASMI (range 0–10) -0.4 (-0.8, -0.02) -0.5 (-1.0, -0.2)

MASES -1.0 (-1.7, -0.4) -1.2 (-1.9, -0.6)

Physical component

of the SF-36

9.6 (6.8, 12.4) 11.6 (8.9, 14.4)

Mental component

of the SF-36

7.0 (3.1, 10.9) 7.3 (3.5, 11.2)

All values are mean (95% confidence interval) change from baseline

PaGA patient’s global assessment of disease activity, VAS visual analog

scale, BASFI Bath Ankylosing Spondylitis Functional Index, BASDAI Bath

Ankylosing Spondylitis Disease Activity Index, CRP C-reactive protein,

BASMI Bath Ankylosing Spondylitis Metrology Index, MASES Maastricht

Ankylosing Spondylitis Enthesitis Score, SF-36 short form health status

survey of 36 questions
Fig. 3 a Mean serum adalimumab (ADA) concentrations by visit in

Japanese patients with ankylosing spondylitis (AS) receiving ada-

limumab 40 mg every other week with [? standard deviation (SD)]

and without (-SD) concomitant methotrexate (MTX) therapya;

b serum adalimumab concentrations by visit in Japanese patients

(n = 6) receiving adalimumab 40 mg every other week, with dose

escalation to 80 mg every other week
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approached 2.5 times the upper limit of normal at one or

more study visits, although these abnormalities typically

did not persist and were only accompanied by a concom-

itant increase in total bilirubin in one patient. Of the 13

patients who developed hepatic-related AEs, ten received

concomitant DMARD therapy. One of the three patients

who had an AE of hepatic steatosis had a preexisting

medical history of the disease. However, no hepatic event

was deemed to be serious by the investigators, and none led

to study discontinuation.

There were no reports of tuberculosis, lymphoma, or

nonmelanoma skin cancer during the safety assessment

period, and no patient died during the course of the study.

One malignancy (breast cancer) developed approximately

50 days after starting adalimumab treatment. This patient had

surgery as treatment of the SAE and was discontinued from

the study. Among the six patients who increased their ada-

limumab dose to 80 mg eow, there were no increased inci-

dences of AEs, including hepatic events, nor did new events

emerge as a result of dose escalation compared with the study

period prior to dose escalation. Furthermore, the overall

incidence of AEs among the dose-escalation group was

comparable with those who did not receive an escalated dose.

Discussion

AS is a chronic and debilitating disease of the axial skel-

eton that can result in fusion of vertebrae and progressive

functional disability in young adults. Treatment with TNF

inhibitors, such as the fully human anti-TNF antibody,

adalimumab, leads to marked improvement in signs and

symptoms of active disease in Western patients [12–14,

17–19], but their efficacy in Japanese patients with AS has

not been previously reported. The results presented in this

open-label trial suggest that adalimumab is an effective and

safe option for Japanese patients with AS who have had an

inadequate response to, or who are intolerant of, NSAID

therapy. Greater than two thirds of patients achieved the

primary efficacy endpoint (ASAS20 response) within the

first 12 weeks of therapy initiation, and the AE profile

following up to 60 weeks of exposure was similar to the

known profile of adalimumab in other inflammatory,

immune-mediated diseases [26].

Open-label adalimumab treatment effectively managed

the signs and symptoms of AS, with improvements occur-

ring rapidly in all areas evaluated (e.g., physical function,

back pain, inflammation, spinal mobility, enthesitis, etc.).

The magnitude of responses, observed as early as the first

dose (week 2), was maintained through up to 60 weeks of

treatment. Further, treatment led to improvements in com-

posite indices reflective of the full scope of disease char-

acteristics. Specifically, ASAS40 and ASAS5/6, the latter

of which includes both spinal mobility (BASMI) and acute-

phase reactants (CRP), in addition to the four components

of the ASAS response criteria, have been proposed to rep-

resent major clinical responses. The majority of patients

experienced ASAS40 (63.4%) and ASAS5/6 (68.3%)

responses within 12 weeks of adalimumab therapy initia-

tion, and comparable proportions achieved these response

rates through up to 60 weeks of therapy. Furthermore,

approximately 40% of patients achieved an ASAS partial

remission response at weeks 12 and 60.

A number of observations can be made about the effi-

cacy data presented in this analysis. Use of DMARDs and/

or corticosteroids with adalimumab therapy appears to

have offered little added benefit to Japanese patients with

AS. This is in line with the ASAS recommendations for

managing AS, which indicate a lack of evidence for effi-

cacy of these medications on axial disease [9]. Comparable

rates of clinical efficacy were observed for patients treated

with and without concomitant DMARD and/or corticoste-

roid therapy, supporting the use of adalimumab mono-

therapy in this population.

This study enrolled a small number of patients (n = 7)

with total spinal ankylosis, a population that is often

excluded from AS trials because of the limited information

available regarding their response to TNF inhibition and

advanced disease state. Data from this study suggest that

patients with total spinal ankylosis also benefit from ada-

limumab therapy, a finding that is consistent with results

from the ATLAS study [27]. Future studies that include

more patients with total spinal ankylosis would allow fur-

ther evaluation of the efficacy of adalimumab in this

population.

Table 3 Summary of adverse events through up to 60 weeks of

adalimumab therapy

Number (%) Events

Any adverse event (AE) 41 (100) 250

AE at least possibly drug-related 24 (58.5) 73

Serious AE 4 (9.8) 7

AE leading to discontinuation of study drug 2 (4.9) 3

Infectious AE 25 (61.0) 51

Serious infectious AE 2 (4.9) 3

Tuberculosis (TB) 0 (0.0) 0

Opportunistic infection (excluding TB)a 1 (2.4) 1

All malignanciesb 1 (2.4) 1

Injection site reaction 9 (22.0) 19

Hepatic related AE 13 (31.7) 15

All values are the number (%) of patients. Patients and adverse events

may be counted in more than one adverse event category
a Cytomegalovirus infection
b Breast cancer
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Lastly, dose escalation of adalimumab (to 80 mg eow)

may be an effective means by which to achieve the desired

clinical response for adalimumab-treated patients who fail

to demonstrate an adequate response within a few months

of therapy initiation. Our study results suggest that dose

escalation of adalimumab may be appropriate for certain

AS patients who do not achieve an adequate response to the

standard dose of 40 mg eow.

Serum trough adalimumab concentrations were higher

in patients who received concomitant MTX therapy than

for those without, as previously reported [22, 25]. How-

ever, concentrations of adalimumab were within the known

therapeutic range in both groups of patients [25], and both

groups demonstrated comparable rates of efficacy, as

measured through ASAS20 response. Fewer than 10% of

patients (n = 4) developed AAA-positive status following

up to 24 weeks of treatment with adalimumab, but only

two of them had detectable levels of AAA at week 60. This

finding suggests that the presence of AAA is not sustained

throughout long-term therapy; however, an examination

into the kinetics of AAA development would require a

study with larger enrollment. The percentage of AAA-

positive patients in this study was lower than that reported

in a 24-week study of Japanese patients with RA [28], in

which approximately 40% of patients were AAA positive

at some point during the study. The development of AAA-

positive status during this study might be a unique feature

associated with adalimumab monotherapy, as no patient

receiving adalimumab with concurrent MTX became AAA

positive during the course of this study. These data further

emphasize the protective role that even a low dose of

DMARD therapy can have on the development of anti-

adalimumab immunogenicity [25].

Adalimumab was shown to be generally safe and well

tolerated, and the AE profile was comparable with that

reported in the ATLAS and M03-606 studies of ada-

limumab in Western patients with AS [17, 18] and with

Japanese studies of adalimumab in RA, psoriasis, and

Crohn’s disease [28, 29], although the rate of infectious

AEs was numerically higher in this study than was reported

in the ATLAS study [17]. Only two patients discontinued

due to AEs (one as a result of breast cancer and pneumonia,

and one as a result of intervertebral discitis and osteomy-

elitis). Although abnormal liver function (19.5%) and

hepatic steatosis (7.3%) had incidence rates greater than

that observed in Western populations, no hepatic events

were deemed to be serious by the investigators, and none

led to study discontinuation. Through 60 weeks of treat-

ment with adalimumab, there were no cases of TB, con-

gestive heart failure, demyelinating disease, allergic

reaction, lupus-like syndrome, or deaths.

The low prevalence of AS in the Japanese population

precluded enrollment of a sufficiently large population

necessary for a placebo-controlled trial. As a result, the

strength of conclusions drawn from these data must be

tempered. On the basis of comparison with the ATLAS and

M03-606 studies in Western patients with AS [17, 18], it is

reasonable to assume that adalimumab therapy provides

similar benefits in Japanese patients with AS. In addition,

the limited patient numbers available for various efficacy

and safety subanalyses precluded definitive conclusions

regarding concomitant DMARD therapy, dose escalation,

AE rates, etc.

The results of this study support the use of adalimumab

as an effective and safe therapy for treating Japanese

patients with active AS. Adalimumab monotherapy and

combination therapy were both effective at reducing AS

signs and symptoms and improving health-related quality

of life in patients aged 15 years and older. Adalimumab

efficacy in this population was observed as early as after

the first dose and was sustained for up to 60 weeks of

therapy. The safety data presented in this study were also

consistent with the known profile of adalimumab in a

variety of inflammatory immune-mediated diseases

[26, 30].
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