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Abstract We retrospectively investigated the ability of
adalimumab (ADA) to reduce disease activity, improve
physical function, and retard the progression of structural
damage in 167 patients with rheumatoid arthritis. Clinical
and functional outcomes were compared between patients
with or without prior biologic treatment and those with or
without concomitant methotrexate (MTX) treatment. At
week 52, 38.3% achieved clinical remission: 42.4 and
28.6% of patients achieved remission in those without
and with previous biologics, respectively, while 42.7 and
12.5% of patients achieved remission in those with and
without concomitant MTX, respectively. ADA treatment
significantly reduced the rate of radiographic progression
from 27.1 & 46.0 (median 13.6; 25th~75th percentiles 8.3
to 28.9) at baseline to 0.8 &£ 5.0 (median 0.0; 25th—75th
percentiles —0.9 to 2.0) at week 52 (P < 0.0001). Radio-
graphic progression was absent in 59.8% of patients. Sixty
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adverse events (34.21/100 patient-years) were reported, 16
of which were serious (9.12/100 patient-years). ADA
therapy is highly effective for reducing disease activity,
improving physical function, and limiting radiographic
progression. It is generally safe and well tolerated by
Japanese RA patients in routine clinical practice.

Keywords Adalimumab - Japanese - Retrospective study
Radiographic outcome - Rheumatoid arthritis

Introduction

Rheumatoid arthritis (RA) is characterized by progressive
inflammatory synovitis and subsequent articular matrix
degradation, which may result in joint destruction [1].
Disability and premature death result if the aggressive form
of the disease goes untreated [2]. Over the last decade,
management of RA has evolved radically because of the
development of aggressive therapies for early stages of the
disease and the advent of molecular targeted therapies
[3, 4]. Although the pathophysiology of RA is not com-
pletely understood, tumor necrosis factor (TNF) plays a
critical role in mediating the inflammatory synovitis,
articular matrix degradation, and bony erosions in RA.
Hence, TNF is recognized to be an important molecular
target for directed biologic intervention [5].

Adalimumab (ADA) is a fully human immunoglobulin
G; (IgG1) monoclonal antibody with a high specificity for
TNF-o [6]. ADA’s efficacy and safety are well established
both with and without concomitant methotrexate (MTX)
treatment, based on randomized controlled clinical trials
with RA patients conducted in Western countries [7-11]. In
Japan, ADA was approved in 2008, making it the third
TNF blocker to earn approval. Infliximab (a chimeric
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monoclonal antibody to TNFe«) [12] and etanercept
(a recombinant human TNF receptor-Fc fusion protein) [13]
were the first two TNF blockers to be approved. Recently,
these biological agents have been reported to be effective
and safe for Japanese RA patients encountered during
routine clinical practice [14-17]. For ADA, the CHANGE
study served as the bridging study for extrapolating data
obtained for patients of Western origin to Japanese patients,
in whom only the effects of monotherapy had previously
been investigated [18]. However, the overseas clinical data
obtained so far suggest that ADA monotherapy has only
limited effectiveness compared to combination therapies
with DMARDs, and in particular MTX.

Therefore, it is of clinical importance to further inves-
tigate the effects of ADA, particularly when it is admin-
istered concomitantly with MTX to Japanese RA patients.
This study aimed to retrospectively investigate the clinical,
functional, and radiographic responses to ADA as well as
safety in Japanese RA patients encountered in routine
clinical practice. This is the first study to evaluate the
radiographic response to ADA in Japanese RA patients.

Patients and methods
Patients

Patients with available baseline components for the
28-joint Disease Activity Score based on erythrocyte sed-
imentation rate (DAS28-ESR) who started treatment with
ADA between July 15, 2008 and June 15, 2009 at the
following 4 medical institutions were enrolled in this study:
(1) the Division of Rheumatology and Clinical Immuno-
logy, Department of Internal Medicine, Saitama Medical

Center, Saitama Medical University, Saitama; (2) the’

Division of Rheumatology, Department of Internal Medi-

cine, Faculty of Medicine, Keio University, Tokyo; (3) the

First Department of Internal Medicine of the School of
 Medicine, University of Occupational and Environmental
Health, Kitakyushu; and (4) the Institute of Rheumatology,
Tokyo Women’s Medical University, Tokyo. All of the
patients satisfied the classification criteria of the American
College of Rheumatology [19]. Information on patient
characteristics was obtained from medical records and
pooled for retrospective analyses; the demographic data
included age, gender, disease duration, concomitant med-
- ications, co~morbidity, and other variables. For subanaly-
ses, patients were divided into subsets based on whether
they had or had not received the following: (1) previous
biologic treatment; (2) concomitant MTX treatment at
baseline.
This study was a retrospective observational study using
anonymized information, and it conformed to the standard
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anti-TNF treatment guideline proposed by the Japan Col-
lege of Rheumatology (JCR). Written consent was obtained
from the patients according to the Declaration of Helsinki.

ADA treatment

ADA treatment was started in accordance with the Japan
College of Rheumatology guidelines for adalimumab

" therapy [20]. We administered 40 mg ADA every other

week, in keeping with the dosage instructions on the Jap-
anese drug label. Concomitant use of MTX, disease-mod-
ifying antirheumatic drugs (DMARDs) other than MTX,
and/or oral steroids was at the discretion of the attending
physician. Dose adjustment was carried out according to
standard medical practice for controlling disease activity.

Clinical efficacy

Disease activity was assessed using the DAS28-ESR {21].
Functional disability was assessed using the disability
index of the Health Assessment Questionnaire (HAQ-DI)
[22]. Radiographs of the hands/wrists and feet at baseline
and at week 52 were available for 71 patients. The images
were scored using van der Heijde’s modified Sharp method
[23] independently by 2 readers.

Safety

Safety was assessed based on the adverse events reported by
patients as well as on the findings of physical examinations
and standard clinical laboratory tests recorded from the start
of July 15, 2008 through to the data cut-off date of June 15,
2010. All adverse events were summarized according to the
Medical Dictionary for Regulatory Activities system organ
class (MedDRA SOC) and reported as events per 100
patient-years. Adverse events judged to be serious by the
attending physicians were individually listed.

Retention rate

Kaplan—-Meier analysis was used to estimate retention rates
during the first 52 weeks; 2 patients were excluded because
their exact discontinuation dates were unknown. Reasons
for discontinuation were categorized for all patients who
withdrew at any time, even after 52 weeks.

Statistical analysis

Patient baseline characteristics were summarized using
mean (standard deviation), median (interquartile range),
or n (%), as appropriate, for the entire patient population
and for patient subgroups stratified by previous use of
biological agents (previous biologics + or —) and
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concomitant use of MTX (concomitant MTX + or —).
Demographic and baseline characteristics were analyzed
using the Mann-Whitney U test for continuous variables
and Pearson’s chi-square test for discrete variables for the
previous biologics (4) versus (—) and the concomitant
MTX (+) versus (—) groups. For patients who withdrew
before week 52, the last observation carried forward
(LOCF) method, including baseline values, was employed
to evaluate all efficacy parameters other than the radio-
graphic endpoint. Missing radiographic values at week 52
were determined by linear extrapolation using data at
baseline and at the last observation point (where available)
if the patients had received ADA treatment for at least
180 days. Patients who withdrew before the 180th day of
treatment were not considered in the calculation. The
Wilcoxon signed rank test was used to detect statistically
significant differences in disease activity and functional
outcomes between baseline and week 52. The impact of
previous biologic treatment or concomitant MTX treatment
on the patient’s response to ADA was examined using
Pearson’s chi-square test. Kaplan—-Meier analysis was used
to estimate retention rates during the first 52 weeks, and the
difference in retention curves was examined by means of a
log-rank test. All reported P values are two-sided and not
adjusted for multiple testing. P values <0.05 were con-
sidered significant. Data were analyzed with StatView for
Windows Version 5.0 (SAS Institute Inc., Cary, NC, USA).

Endpoints

Co-primary endpoints were the percentages of patients
achieving remission, as defined by a DAS28-ESR of <2.6
at week 52, and of patients with no radiographic progres-
sion, as defined by a change in the total Sharp score
(TSS) <0.5 from baseline to week 52. Other endpoints
include the proportion of patients achieving functional
remission (HAQ score <0.5) and safety.

Results
Baseline characteristics of the patients

A total of 167 patients for whom ADA therapy was initiated
between June 2008 and June 2009 at the 4 medical institu-
tions had all of the DAS28-ESR components at baseline.
Baseline demographic and disease characteristics are surm-
marized in Table 1. The mean age of all 167 patients
included in this study was 58.4 years, and the majority of the
subjects were women (82.6%). The mean duration of dis-
ease was 9.0 &+ 9.5 years. The baseline mean DAS28-ESR
and HAQ scores were 5.3 & 1.3(n = 167)and 1.24 £ 0.78
(n = 149), respectively. The initial mean TSS was

89.7 = 83.1 (median 65.5; 25th-75th percentiles
36.0-115.0) (n = 87), and yearly progression before the
initiation of ADA therapy was estimated to be 27.1 & 46.0
(median 13.6; 25th-75th percentiles 8.3-28.9) (n = 87).
Among the 167 patients, 118 (70.7%) were naive to biologic
treatment, whereas 49 (29.3%) had been treated with biol-
ogics prior to ADA. In total, 143 (85.6%) received con-
comitant MTX and 69 (41.3%) received concomitant oral
steroid, with mean doses of 8.5 £ 2.9 mg/week and
4.8 & 2.7 mg/day (prednisolone equivalents), respectively,
at the beginning of ADA treatment. A comparison of the
baseline demographics for different patient subgroups is
provided in Table 1. When compared within subsets,
patients who had received previous biologic therapy (+)
were younger (P < 0.05) and had a more severe disease by
stage (P < 0.05), a longer duration of disease (P < 0.05),
and a higher rate and dose of concomitant prednisolone
(P < 0.05 for both) than patients who had not received
previous biologic therapy (—). The duration of disease was
longer in the concomitant MTX (—) group than in the
concomitant MTX (+) group (P < 0.05). Moreover, a
higher proportion of the patients received concomitant
prednisolone in the concomitant MTX (—) group than in the
concomitant MTX (4) group (P < 0.05). The baseline
yearly radiographic progression was greater in the previous
biologics (—) group (28.9 + 50.2) (median 13.2; 25th~75th
percentiles 7.9-31.0) than in the previous biologics (+)
group (18.3 £ 10.7) (median 14.0; 25th—75th percentiles
11.2-26.5), while it was greater in the concomitant MTX
(+) group (28.7 + 48.0) (median 14.0; 25th—75th percen-
tiles 8.5-30.9) than in the concomitant MTX (—) group
(11.1 £ 7.1) (median 10.2; 25th—75th percentiles 7.1-14.4).
There were no differences in other baseline demographic
and disease characteristics between the previous biologics
(+) and (—) groups and between the concomitant MTX (4)
and (—) groups.

Clinical efficacy of ADA
DAS28-ESR

Overall, the mean DAS28-ESR score decreased from
5.3 &= 1.3 at baseline to 3.5 =+ 1.5 at week 52 (P < 0.0001
vs. baseline) (Fig. 1). In the previous biologics (+) and (—)
groups, the mean DAS28-ESR scores decreased from
53+ 121t04.0=+1.7 and from 53 &+ 1.3 to 3.3 & 1.4,
respectively. Although the decreases were statistically
significant in both previous biologics (+) and (—) groups, it
was more substantial in the previous biologics (—) group
(P < 0.0001 vs. baseline) than the previous biologics (+)
group (P < 0.05 vs. baseline). Similarly, in the concomi-
tant MTX (+) and (—) groups, the DAS28-ESR scores
decreased from 5.3 £ 1.3 to 3.3 £ 1.4 (P <0.0001 vs.
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Table 1 Baseline characteristics of patients

Variables Total Previous biologics Concomitant MTX
(n=167)
(+ =) Pvalue (+) (-) P value
(n = 49) (n = 118) (n = 143) (n=24)

Age (years) 58.4 + 13.0 551+ 115 59.7 + 13.4 <0.05 58.2 + 12.9 59.1 £ 14.1 0.5560
Gender, n (% female) 138 (82.6) 43 (87.8) 95 (80.5) 0.2603 118 (82.5) 20 (83.3) 0.9222
Disease duration 9.0+£95 9.9 + 8.1 8.7 £ 10.0 <0.05 8.6 £95 11.8 £89 <0.05

(vears) .
Stage (VIVIII/IV %) (15.0/33.5/ (10.2/24.5/ (16.9/37.3/ <0.05 (16.1/34.3/ (8.3/29.2/ 0.4836

18.6/32.9) 16.3/49.0) 19.5/26.3) 18.9/30.8) 16.7/45.8)
Class (VIVII/IV %) (11.4/74.3/ (12.2/69.4/ (11.0/76.3/ 0.5953 (11.2/72.7/ (12.5/83.3/ 0.3052
14.4/0.0) 18.4/0.0) 12.7/0.0) 16.1/0.0) 4.2/0.0)

Prior use of biologics, 49 (29.3) 49 (100.0) " 0(0.0) - 39 (27.3) 10 (41.7) 0.1518

n (%)
RF positive, n (%) 158 (94.6) 46 (93.9) 112 (94.9) 0.7868 136 (95.1) 22 (91.7) 0.4900
MTX use, n (%) 143 (85.6) 39 (79.6) 104 (88.1) 0.1518 143 (100.0) 0 (0.0 -
MTX dose (mg/week) 8.5 £ 2.9 9.9 £+ 8.1 8.1+30 02153 85+29 0.0+ 00 -
Oral steroid use, n (%) 69 (41.3) 26 (53.1) 43 (36.4) <0.05 54 (37.8) 15 (62.5) <0.05
Oral steroid dose 4.8 +27 57+26 42+ 26 <0.05 47 + 2.6 49 + 3.1 0.9590

(mg/day®) ‘
MMP-3 (ng/ran) 297.6 + 344.3 292.4 + 250.7 299.8 £+ 377.5 0.2757 312.3 + 366.1 208.1 £ 1279 0.7895
SIC, 0-28 6.5+ 56 6.2 + 6.2 6.6 =54 0.2307 6.3 £49 7.6 + 8.8 0.6004
TIC, 0-28 7.3 +£69 6.7 £ 6.8 7.6 4 6.9 03585 74 +£65 7.2 £ 9.1 0.1809
ESR (mmv/h) 54.0 £ 313 54.4 £ 28.8 53.8 £ 324 0.7544 54.0 +314 53.6 + 31.2 0.9582
CRP (mg/dL) 28 +£39 29434 28 +4.1 0.4068 29 + 4.1 23+25 0.7391
GH, VAS 0-100 mm 50.7 &+ 25.1 56.2 + 24.5 48.4 + 25.1 0.0932 49.6 £ 25.1 573 £25.1 0.1192
DAS28-ESR 53+13 53+12 53+13 0.8398 53 +13 52+15 0.6598
HAQ-DI° 1.24 + 0.78 1.24 + 0.85 1.25 £ 0.76 0.8833 1.24 +0.78 1.27 + 0.84 0.8360
TSs! 89.7 + 83.1 98.8 + 66.0 87.9 & 86.6 0.2757 88.9 + 80.5 983 + 112.5 0.6648

Median (IQR) 65.5 73.5 65.3 66.5 443

: (36.0-115.0) (52.5-141.5) (32.6-109.6) (39.8-113.3) (22.0-153.5)

Estimated YP (ATSS)?  27.1 =+ 46.0 18.3 + 10.7 28.9 £+ 50.2 0.2795 28.7 £ 48.0 11.1 £ 7.1 0.1542

Median (IQR)

13.6 (8.3-28.9)

14.0 (8.5-30.9)

10.2 (7.1-14.4)

14.0 (11.2-26.5) 13.2 (7.9-31.0)

Mean + SD unless otherwise indicated

Demographic and baseline characteristics were analyzed by the Mann-Whitney U test for continuous variables and Pearson’s chi-square test for
discrete variables for previous biologics (+) versus (—) and concomitant MTX (+) versus (—)

RF rheumatoid factor, MTX, methotrexate, MMP-3 matrix metalloproteinase 3, SJC swollen joint count, 7JC tender joint count, ESR erythrocyte
sedimentation rate, CRP C-reactive protein, GH patient’s global assessment of disease activity, VAS visual analogue scale, DAS disease activity
score, HAQ-DI health assessment questionnaire disability index, 7'SS total Sharp score, YP yearly progression, IQR interquartile range

* Prednisolone equivalents

® Totaln = 163; previous biologics (+) n = 48; previous biologics (—) n = 115; concomitant MTX (+) n = 140; concomitant MTX (=) n = 23
¢ Total n = 149; previous biologics (+) n = 41; previous biologics (—) n = 108; concomitant MTX (+) rn = 131; concomitant MTX (=) n = 18
4 Total n = 87; previous biologics (+) n = 15; previous biologics (—) n = 72; concomitant MTX (+) n = 79; concomitant MTX (—) n = 8

baseline) and from 5.2 & 1.5 to 4.6 & 1.5 (P < 0.05 vs.
baseline), respectively. In all groups, rapid improvement
was achieved during the first 4 weeks of ADA treatment.

Figure 2 shows the percentages of patients who
achieved different disease statuses (high, DAS28 > 5.1;
moderate, 3.2 < DAS28 < 5.1; low, 2.6 < DAS28 < 3.2;
and remission, DAS28 < 2.6) over the time course of
treatment. The percentages of patients who achieved clin-
ical remission using the criterion of DAS28 < 2.6 were
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31.7% at week 24 and 38.3% at week 52. At week 52, 28.6
and 42.4% of patients in the previous biologics (+) and (—)
groups, respectively, achieved remission. The difference in
the remission rate was more pronounced between the
concomitant MTX (+) and (—) groups (P < 0.01) than
between the previous biologics (+) and (—) groups
(P = 0.0948) at week 52. In the concomitant MTX (+)
group, the proportion of patients who achieved remission
increased over time and reached 42.7% at week 52, while
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Fig. 1 Time course of the disease activity score over 52 weeks
following the initiation of adalimumab treatment. Data were analyzed
by the last observation carried forward (LOCF) method. Points and
bars represent means and standard deviations, respectively. a All

in the concomitant MTX (—) group, the baseline value
shifted steadily around 12.5% after 4 weeks.

HAQ

The mean HAQ score of 1.24 =+ 0.78 at baseline decreased
to 0.92 & 0.77 at week 52 (Fig. 3). The improvement was
moderate but significant (P < 0.0001 vs. baseline). At week
4, the mean change was —0.22, which has been associated
with meaningful clinical improvements and can be con-
sidered to represent the minimum clinically important dif-
ference (MCID) [24]. Although the baseline HAQ scores
were comparable between the previous biologics (+) and
(=) groups on average (1.24 £ 0.85 vs. 1.25 &£ 0.76),
patients without previous biologic therapy (—) showed a
greater improvement than those with previous biologic
treatment (+) (0.83 & 0.72 vs. 1.16 &= 0.86) at week 52. In
addition, the difference at week 52 was even more striking
between the concomitant MTX treatment (+) and (—)
groups (0.87 = 0.75 vs. 1.29 &£ 0.85). A significant
improvement in the HAQ score as compared to baseline was
detected only in the previous biologics (—) and concomitant
MTX (+4) groups (P < 0.0001 for both groups).

Weeks

patients (n = 167), b previous biologics (+) (n = 49) and (~)
(n = 118), ¢ concomitant MTX (+) (n = 143) and (—) (n = 24).
*P < 0.05 and **P < 0.0001 versus baseline by the Wilcoxon signed
rank test

Figure 4 shows the time course of HAQ-DI categorized
by increments of 0.5 units from 0.0 to 3.0. At baseline,
23.5% of all patients had HAQ scores <0.5, suggesting that
about a quarter of the patients had normal function at the
time of entry. At week 52, the percentage increased to
43.0%. Although in general the functional profile was
consistently better in the previous biologics (—) group at all
the time points, there was no difference in the percentage
of patients with a HAQ score of <0.5 from the previous
biologic (+) group at week 52 (444 vs. 39.0%,
P = 0.5506). In the concomitant MTX (+) group, the
proportion of patients with a HAQ score of <0.5 at base-
line (22.9%) increased steadily and almost doubled to
45.0% at week 52. In contrast, there was no increase in the
proportion of patients who did not receive concomitant
MTX (—) at week 52 when compared to the baseline,
though it was not significantly different from the con-
comitant MTX (+) group (P = 0.1654) at week 52.

Radiographic outcomes

Radiographic data at both the baseline and week 52 were
available for 71 patients. Linear imputation was employed
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Fig. 2 Time course of disease activity over 52 weeks following initiation of adalimumab treatment. Data were analyzed by the last observation
carried forward (LOCF) method. a All patients (n» = 167), b previous biologics (+, left) (n = 49) and (—, right) (n = 118), and ¢ concomitant
MTX (+, left) (n = 143) and (—, right) (n = 24). Disease activity was categorized as follows
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2.6 £ DAS28-ESR < 32
Bl paseEsp< 28

to determine missing data at week 52 for 16 patients who
received ADA treatment for at least 180 days. A total of 87
patients were, therefore, subject to an evaluation of radio-
graphic response to ADA. The mean estimated yearly
progression was 27.1 &+ 46.0 (median 13.6; 25th-75th
percentiles 8.3-28.9) at baseline (Fig. 5), which is indica-
tive of a great risk of further joint damage. After 52 weeks
of ADA treatment, the mean change was significantly
reduced to 0.8 £ 5.0 (median 0.0; 25th-75th percentiles
—0.9 to 2.0) (P < 0.0001) (Fig. 5). It is particularly worth
noting that ADA also suppressed the most aggressive
progression in individuals with baseline changes of >100
TSS units/year. The results clearly indicate the ability of
ADA to prevent further joint damage as assessed by a
reduction in the rate of radiographic disease progression. A
cumulative probability plot of changes in TSS was used to
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illustrate these findings (Fig. 6) [29]. The percentage of
patients with no radiographic progression (as defined by a
change in TSS of <0.5 units) over 52 weeks was 59.8%.
However, there were 4 patients with a change in TSS of
>10 despite ADA treatment (range 11.0-26.5), 2 of whom
discontinued treatment before 52 weeks, and their radio-
graphic data were therefore imputed.

Safety

The overall exposure time to ADA used for the safety
evaluation was conservatively estimated to be 175.4 patient-
years (as of June 15, 2010), using the last visit records for the
2 patients whose exact discontinuation dates were unknown.
ADA was generally well tolerated. A total of 60 adverse
events (34.21/100 patient-years) were reported (Table 2).
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Fig. 3 Time course of Health Assessment Questionnaire—Disability
Index (HAQ-DI) over 52 weeks following the initiation of ada-
limumab treatment. Data were analyzed by the last observation
carried forward (LOCF) method. Points and bars represent the mean

The most frequently reported adverse event (SOC) was
general disorders and administration site conditions, which
were observed at a frequency of 11.40/100 patient-years.
ADA therapy was also associated with incidences of infec-
tions and infestations at a rate of 10.26/100 patient-years.

Serious adverse events are individually depicted in
Table 3. A total of 16 serious adverse events were observed
at a rate of 9.12/100 patient-years. Other than the injection
site reactions, infections such as Preumocystis jiroveci
pneumonia, tuberculosis, nontuberculous mycobacteriosis,
and cellulitis were the most frequent serious adverse
events. In one patient, perforated colon diverticulum was
detected. In another patient, malignant lymphoma was
diagnosed. There were no deaths in this study.

Retention rate

In this study, the median duration of ADA treatment was
estimated to be 55.9 weeks, with a minimum of 2 weeks
and a maximum of 100 weeks (n = 167). At week 52,
69.7% of the 165 patients were still undergoing ADA
therapy (Fig. 7). A greater percentage of patients in the

and standard deviation, respectively. a All patients (n = 149),
b previous biologics (+) (n = 41) and (=) (n = 108), ¢ concomitant
MTX (+) (n = 131) and (—) (n = 18). **P < 0.0001 versus baseline
by the Wilcoxon signed rank test

previous biologics (—) group adhered to the treatment
(77.6%) than patients in the previous biologics (+4) group
(51.0%) during the 52-week period (P < 0.0001). Simi-
larly, the retention rate in the concomitant MTX (4-) group
(73.0%) was significantly higher than that in the concom-
itant MTX (=) group (50.0%) (P < 0.05).

Reasons for withdrawals, including those that occurred
after 52 weeks of ADA treatment, are summarized in
Table 4. The most common reason for discontinuation was
lack of efficacy (n = 24), followed by adverse events

(n = 16). Adverse events that led to discontinuation were

Pneumocystis jiroveci pneumonia (n = 1), miliary tuber-
culosis (n = 1), interstitial pneumonitis (n = 2), interstitial
pneumonitis/common colds (n = 1), generalized rash/
nontuberculous mycobacteriosis/upper respiratory inflam-
mation (n = 1), cellulitis/injection site reaction (n = 1),
lymphoproliferative disorder (n = 1), perforated colon
diverticulum/injection site reaction (n = 1), pancytopenia
(n = 1), malignant lymphoma (n = 1), gastrointestinal
disorder/injection site reaction (n = 1), generalized urti-
caria/injection site reaction (n = 1), and injection site
reaction (n = 3). Note that 5 patients withdrew after
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maintaining remission status (DAS28-ESR < 2.6) for more
than 24 weeks. The median ADA treatment duration in
those 5 patients was 38 weeks (range 28-52 weeks).

Discussion
The present study was carried out to retrospectively ana-

lyze the efficacy and safety of ADA in Japanese patients
with RA. The study included 167 patients with all

@ Springer

individual DAS28-ESR components at baseline. Further,
149 of these had baseline HAQ-DI, and 87 had evaluable
radiographic data. For our subjects, ADA therapy provided
significant clinical, functional, and radiographic benefits
during routine clinical care while also demonstrating gen-
erally acceptable safety and tolerability.

The PREMIER study showed that when combination
treatment with ADA and MTX is initiated early, it leads to
superior clinical, functional, and radiographic outcomes as
compared with treatment with MTX alone or ADA alone;
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Fig. 6 Cumulative probability plot of change in the total modified
Sharp score from baseline to week 52 (n = 87). Radiographic images
were available for 71 of 167 patients at baseline and week 52. Linear
imputation was used for missing data at week 52 for 16 patients who
received adalimumab treatment for at least 180 days. In 52 out of the
87 patients (59.8%), the yearly radiographic progression was <0.5

adverse event profiles were comparable in all 3 arms [11].
The efficacy confirmed in the CHANGE study should be
seen as such [18], since all the ADA-treated patients
received ADA monotherapy. The results compared well to
those of the DEO11 monotherapy study conducted overseas
[8]. The present HARMONY study is the first study to
demonstrate the efficacy and safety of ADA therapy in
combination with MTX in Japanese RA patients. An aver-
age of 8.5 mg/week MTX was used at baseline. This study
clearly confirmed the superior effectiveness of combination
therapy with MTX over ADA monotherapy. Indeed, the
impact of concomitant MTX use was greater than that of a
lack of history of biologic therapy in terms of both clinical
and functional improvement (42.7% DAS28 remission and
45.0% normal function at week 52). Although a rapid

Table 2 Adverse events

MedDRA SOC Number of Events/100
events patient-years

Total 60 34.21

Infections and infestations 18 10.26

Respiratory, thoracic, and 5 2.85
mediastinal disorders

General disorders and 20 11.40
administration site conditions

Hepatobiliary disorders ; 3 1.71

Gastrointestinal disorders 5 2.85

Skin and subcutaneous tissue 2 1.14
disorders

Blood and lymphatic system 1 0.57
disorders

Eye disorders 1 0.57

Neoplasms (benign, malignant, and 1 0.57
unspecified)

Injury, poisoning, and procedural 1 0.57
complications

Investigations 3 1.71

MedDRA SOC Medical Dictionary for Regulatory Activities system
organ class

Table 3 Serious adverse events

Adverse events Number of Events/100 patient-
events years

Total 16 9.12

Injection site reactions® 3 1.71

Interstitial pneumonitis 2 1.14

Preumocystis jiroveci 1 0.57
pneumonia

Pneumonia 1 0.57

Miliary tuberculosis 1 0.57

Nontuberculous 1 0.57
mycobacteriosis

Cellulitis 1 0.57

Malignant lymphoma 1 0.57

Lymphoproliferative 1 0.57
disorder

Perforated colon 1 0.57
diverticulum

Generalized rash 1 0.57

Generalized urticaria 1 0.57

Left fibula fracture 1 0.57

Serious adverse events as judged by the attending physicians
2 Injection site reactions include erythema, itching, hemorrhage, pain,
and swelling

response was evident in terms of both HAQ and DAS28 by
week 4, the corresponding remission rates tended to increase
even after week 24 until week 52, from 35.0 to 42.7%
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(DAS28-ESR < 2.6) and from 42.7 to 45.0% (HAQ-
DI <0.5). Thus, it may be prudent to wait a further 24 weeks
to see whether ADA can induce remission in a small portion
of patients who responded to ADA at early time points.
MTX reduced apparent ADA clearance after multiple dos-
ing in 44% of patients with RA, thereby increasing systemic
ADA trough levels [25]. This is because concomitant MTX
use is considered to suppress levels of anti-ADA antibodies
due to its immunosuppressive effect.

The radiographic outcome presented here is the first
evidence of the ability of ADA to significantly limit
radiographic progression in Japanese RA patients.
Approximately 60% of patients exhibited no radiographic
progression in HARMONY, which compares well with the
results obtained in the PREMIER study (64 and 51% in the
ADA + MTX and ADA monotherapy groups, respec-
tively) [11]. Note that 26 out of the 87 evaluable patients
(29.9%) exhibited ATSS <—0.5, indicating possible
radiographic repair.

ADA treatment was generally well tolerated. No ana-
phylactoid reaction was reported, while injection site
reactions occurred at a rate of 11.9% (20/167). This rate
was far lower than that reported in the CHANGE study
(30.8% in the 40 mg arm). The observed difference may
possibly be due to the immunosuppressive effects of the
concomitant use of MTX in favor of combination therapy.

Serious infections occurred at a rate of 2.85/100 patient-
years (one event of each: Preumocystis jiroveci pneumonia,
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pneumonia, military tuberculosis, cellulitis, and nontuber-
culous mycobacteriosis). Recently, the effectiveness and
safety of biologic agents in Japanese patients were
reviewed, and pneumonia, tuberculosis, Preumocystis
Jjiroveci pneumonia and interstitial pneumonitis were iden-
tified as important adverse reactions [26]; these were also
observed in our study. Komano et al. [27] reported serious
infections at a rate of 6.24/100 patient-years in Japanese
patients treated with either infliximab or etanercept for up to
1 year. Although direct comparisons cannot be made
among different studies, this may suggest that ADA therapy
does not carry an increased risk for serious infections when
compared to another anti-TNF therapy.

The overall retention rate observed in the present study
(82.4% at 26 weeks and 69.7% at 52 weeks) falls within
the range reported for infliximab (75.6% at 54 weeks) [15],
etanercept. (85.1% at 6 months) [17], and tocilizumab
(79.5% at 24 weeks) [28] in daily clinical practice. How-
ever, it is not surprising that the retention rate varies among
different biologics, as it is believed to be influenced by
numerous factors other than efficacy and safety, such as
co-morbidity, concomitant therapy, costs, launch timing,
and availability of other thérapies {29]. In the literature, it
was indicated that the drug survival time of a second TNF
inhibitor is shorter than a prior TNF inhibitor, while the
survival of anti-TNF treatment was shown to be prolonged
with concomitant use of MTX [30-32]. Our own findings
in HARMONY resemble these published data, as shown by
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week 52 retention rates in the previous biologic (—) and
concomitant MTX (+) groups of 77.6 and 73.0%,
respectively.

In conclusion, this retrospective study has demonstrated
that ADA therapy is highly efficacious at reducing disease
activity, improving physical function, and limiting radio-
graphic progression, and is generally safe and tolerable in
Japanese RA patients encountered during routine clinical
practice. Furthermore, the results of this study demonstrate
that ADA in combination with MTX is associated with
substantial . improvements in clinical, functional, and
radiographic responses and retention rate, meaning that this
could potentially serve as a first-line treatment.
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A case of catastrophic antiphospholipid antibody syndrome
complicated with systemic lupus erythematosus, double positive
for anti-cardiolipin/f, glycoprotein I and anti-phosphatidylserine/

prothrombin autoantibodies
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Abstract A 16-year-old male with severe thrombocyto-
penia and progressive multiple organ infarctions was
diagnosed as having catastrophic antiphospholipid syn-
drome (CAPS) complicated with systemic lupus erythe-
matosus, and was successfully treated with combination of
anticoagulants, corticosteroids, plasma exchange, and
intravenous cyclophosphamide. Antibodies to phosphati-
dylserine/prothrombin (PS/PT) complex and cardiolipin
(CL)/ By-glycoprotein I  (f,GPI) were simultaneously
detected, indicating that the different pathways of both PS/
PT and CL/B,GPI might be associated with the radical
manifestation of CAPS.

Keywords Anti-cardiolipin/fi,-glycoprotein I (anti-CL/
B-GPI) antibody - Anti-phosphatidylserine/prothrombin
(anti-PS/PT) antibody - Catastrophic antiphospholipid
antibody syndrome (CAPS)

Introduction
Antiphospholipid syndrome (APS) is one of the autoim-

mune diseases characterized by both arterial and venous
thrombotic events such as deep vein thrombosis (DVT),
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cerebrovascular accidents, etc. or by pregnancy morbidity,
related to the presence of anti-phospholipid (PL) antibodies
[1]. Anti-PL antibodies have been shown to be an inde-
pendent risk factor for thrombosis [2]. Lupus anticoagulant
(LAC), anti-cardiolipin (CL) and anti-f,-glycoprotein I
(B,GPI) antibodies are conventionally measured to confirm
a diagnosis of APS as established anti-PL antibodies
(aPLs). aPLs are not directed against anionic phospholip-
ids, but are part of a large family of autoantibodies against
phospholipid-binding plasma proteins or phospholipid—
protein complexes. The most common and characteristic
antigen in APS is B,GPI. Autoantibodies against S,GPI
have been considered as thrombogenic, and are detectable
either by aCL enzyme-linked immunosorbent assay
(ELISA) or by anti-f,GPI ELISA. The second major
antigen for aPLs is prothrombin, and APS-related anti-
prothrombin antibodies are detectable by phosphatidylser-
ine-dependent anti-prothrombin assay (aPS/PT).

Catastrophic APS (CAPS) is the most severe form of
APS, with mortality rate of 50%. CAPS has been defined as
acute infarctions in more than three different organs pre-
dominantly caused by small vessel thrombosis. Although
clarification of the full picture of CAPS is urgently required
because of its poor progndsis, the pathogenesis of the
disease and the factors responsible for its severity still need
to be elucidated. ‘

We report herein a case of CAPS, complicated with
systemic lupus erythematosus (SLE), in a patient who was
positive for anti-PS/PT (IgG and IgM together) with anti-
CL (IgM) in his serum, possibly indicating that multiple
autoantibodies induced the severe multiple organ infarc-
tions. This is the first report of a case with SLE-CAPS
positive for both anti-CL/f,GPI and anti-PS/PT antibodies,
and we document that there may be association of multiple
aPLs with the radical manifestations of CAPS.
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Case report

A 16-year-old male was admitted to our hospital for
intolerable peri-umbilical pain, severe fatigue, and high
fever that suddenly occurred 3 days previously. He had
history of continuous abdominal pain and thrombocytope-
nia (platelet count 23,000/pl) 3 months earlier in local
hospital. Radiographical examinations including contrast-
enhanced computed tomography (CT) scan were normal.
At that time, positive test for antinuclear antibodies (ANA,

1:640) and positive test for anti-double stranded DNA

autoantibodies (ds-DNA, 62.4 IU/mL) were revealed;
however, his symptom had completely improved within a
few days.

On admission, he showed impaired consciousness due to
severe abdominal pain, and multiple petechiae were evi-
dent on the skin of both his lower limbs. His body tem-
perature was 38.0°C with blood pressure of 109/65 mmHg
and regular heart rate of 78 per minute. Initial laboratory
investigations revealed marked thrombocytopenia (platelet
count 19,000/ul), renal dysfunction (serum creatinine
concentration 1.20 mg/dL, urine protein 3+, various casts),
acute inflammatory reaction (C-reactive protein 11 mg/
dL), aPTT prolonged to 62.6 s (control 27 s), and biolog-
ical false-positive syphilis test (Table 1). Including the
previous data of positivity for ANA and anti-ds-DNA
autoantibodies the patient fulfilled 5 out of the 11 Ameri-
can College of Rheumatology criteria and was diagnosed
as having systemic lupus erythematosus.

Instantaneously enforced contrast-enhanced computed
tomography (CT) scan showed lower-density areas in the
spleen (Fig. 1a) and both kidneys (Fig. 1b), thus indicating
multiple organ infarctions, considered to be the cause of his
severe pain. Although heparin 10,000 U/day was started,
platelet gradually decreased. Next day he complained of
weakness of his left limb, and magnetic resonance imaging
showed fresh cerebral infarction in the right temporal to
parietal lobe (Fig. 1c). Moreover, echocardiography
revealed cardiac vegetation (size 11 x 8 mm?) attached to
the mitral valve that had not destroyed the valve structure,
considered to be Libman-Sacks endocarditis (Fig. 1d).
Infectious endocarditis was unlikely since the patient’s
blood culture was negative. To investigate additional
infarction, ™Tc perfusion scintigraphy examination was
performed and revealed diffusely distributed defects in both
Iungs (Fig. le), suggesting pulmonary arterial thrombo-
embolism (PTE), and we started anticoagulant therapy.
Severe arterial and venous thrombosis progressively
occurred in multiple organs in a few days despite continued
antithrombotic prophylaxis, which led us to consider cata-
strophic antiphospholipid syndrome (CAPS). Disseminated
intravascular coagulation (DIC) was ruled out since the
fibrinogen level was high and the DIC score was less than
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Table 1 Laboratory data on admission

Value Unit Normal range

WBC 10,800 /uL 3,100-9,100
Hb 10.2 g/dL 13.6-17.2
Het 29.9 % 41.1-51.3
Plt 19 x 10°  /uL 157-340
Alb 3.8 g/dL 4.0-5.0
AST/ALT 59/30 UL 13-33/8-42
LDH 827 TU/L 119-229
CK © 115 IU/L 62-287
BUN 25 mg/dL 8-22
Cre 1.2 mg/dL 0.6-1.1
CRP 11.78 mg/dL 0.0-0.2
ESR 98 mm/h 0-10
APTT 62.6 % 27
PT-INR 1.27 0.9-1.26
PT 15.0 s 12.3
Fibrinogen 433 mg/dL 200-400
D-dimer 2.1 pg/mL 0.0-1.0
TAT 53 pg/mL <3.0
Protein C 81 % 64135
Protein S 76 % 74-132
Coagulation factor XIII 180 % 70-140
vWF activity 198 % 50-150
ADAMTS13 21.3 % 70-120
IgG 2,328 UL 778-1,604
CH50 11 U/mL 28-48
Haptoglobin 30 mg/dL
PAIgG 389 ng/10” cells <46
ANA %640
Anti-ds-DNA Ab 68.0 U/mL 0.4-5.7
Anti-SM Ab 30 U/mL 0-14
Urinalysis

pH 55 5.0-75

Glucose Negative Negative

Protein +3 Negative

Occult blood +3 Negative

Hyaline cast <1 /LPF

Granular cast 1-4 /LPF

Waxy cast <1 /LPF

Epithelial cast 1-4 /LPF

the diagnostic threshold of 5 points, according to the diag-
nostic criteria proposed by the Japan Ministry of Health and
Welfare (JMHW). Although ADAMTSI13 activity was
decreased, thrombotic thrombocytopenic purpura (TTP)
was also unlikely since schistocytes were not evident in the
peripheral blood smear. PA-IgG was elevated to 389 ng/
107 cells (<46) and we considered that both SLE and CAPS
affected thrombocytopenia.
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Fig. 1 Imaging of the patient. a, b Computed tomography (CT)
showed spleen and kidney infarction. ¢ Magnetic resonance imaging
(MRI) showed a cerebral infarction. d Echocardiography showed

Fig. 2 Clinical course. PE
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Because his platelet count progressively decreased to
9,000/pl, plasma exchange (PE) and betamethasone
(0.1 mg/kg body weight) were added, resulting in gradual
recovery of platelet count to 170,000/pl. The fever and
abdominal pain also disappeared. Later, extremely high
titers of various aPLs measured using specific enzyme-
linked immunosorbent assay (ELISA) were reported as fol-
lows: IgG aCL 27 GPL, 1gM aCL >76 MPL, IgG anti-3,GPI
>140 U/mL (normal <2.0 U/mL), IgG aPS/PT 22 U (nor-
mal <2.0 U), IgM aPS/PT 34 U (normal <9.4 U) (Table 2).

These results supported our diagnosis of CAPS, sec-
ondary to SLE. Although no triggers of CAPS such as
infection, trauma, or surgery were observed, the episode of
abdominal pain and thrombocytopenia 3 months earlier
could be a possible predictor for CAPS, being noticed in
many CAPS patients [3].

Intravenous administration of high-dose cyclophospha-
mide (IVCY) (15 mg/kg; 850 mg/body) was initiated for
highly active systemic lupus erythematosus [SLE disease
activity index (SLEDAI) score 30, British Isles Lupus
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Table 2 Specific estimation for antiphospholipid antibodies

Value Unit Normal range
Anti-CL IgG 27 U/mL <18.7
Anti-CL IgM >76 U/mL <7
Anti-f2GPI Ab >140 U/mL <6.0
Anti-PS/PT IgG 22 U/mL <2.0
Anti-PS/PT IgM 34 - U/mL <94

All measured using specific enzyme-linked immunosorbent assay
(ELISA) i

Assessment Group (BILAG) index: 45 points] with possible

lupus nephritis and a considerable amount of proteinuria
and casts. Unfortunately, it was not possible to perform
renal biopsy because continuous anticoagulant therapy was
essential. After initiating the treatment, the patient’s platelet
count was normalized, his anti-double stranded DNA
autoantibody titer was decreased, complement levels were
increased, and proteinuria was normalized (Fig. 2). The
international normalized ratio (INR) value was controlled in
the range 2.5-3.5 with continuous anticoagulant and anti-
platelet therapy. His left-sided hemiparalysis disappeared,
and contrast-enhanced CT, MRI, and perfusion scintigraphy
revealed marked improvement of the multiple infarctions
(Fig. 1f-h, j). Echocardiography showed that the vegetation
had also disappeared (Fig. 1i). SLE disease activity was
also improved, with SLEDAI score of 0 and 2 points on the
BILAG index. After discharge from our hospital, he has
been maintained well with tapered glucocorticoids and
IVCY six times every other week followed by azathioprine
100 mg daily, without any recurrence. The aPLs tests were
repeated 7 weeks after the event; IgG aCL decreased to
17 U/mL, and IgG anti-$,GPI normalized to 3.0 U/mL.

Discussion

We report herein a case of CAPS complicated with SLE
that showed severe thrombocytoperﬁa and multiple
infarctions that developed in a short period, successfully
treated with combination of plasma exchange, corticoste-
roids, cyclophosphamide, anticoagulant therapy, and anti-
platelet therapy. Additionally, multiple anti-PL antibodies,
including anti-PS/PT IgG, anti-PS/PT IgM, together with
anti-CL/B,GPI, were characterized in the present case. We
believe that these various and highly concentrated anti-PL
autoantibodies might be associated with the severe clinical
manifestations of CAPS in this patient.

Antibodies against the CL/f,GPI complex are involved
in the pathogenic mechanisms in APS [4-6]. The roles of
anti-CL/B,GPI complex autoantibodies in APS are con-
sidered to include the following: (1) to enhance the binding
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ability of B,GPI to anionic phospholipids, and inhibit
protein C activation, (2) to form a cross-link between the
anti-f,GPI antibody—f,GPI-oxidized low-density lipopro-
tein (LDL) complex and promote uptake by subendothelial
macrophages, resulting in atherosclerosis, (3) to dimerize
B2GPI on the surface of platelets and activate platelets via
ApoE receptor 2, leading to subsequent signal transduc-
tion, and (4) to stimulate monocytes via the p38 mitogen-
activated protein (MAP) kinase pathway and induce tissue
factor production [7].

Recently, antibodies against prothrombin, a precursor of
coagulation factor Il (thrombin), have also attracted con-
siderable interest, and several groups have investigated
anti-PT autoantibodies to elucidate their immunologic
characteristics and role in thrombosis. Anti-PT autoanti-
bodies represent a heterogeneous family of antibodies that
includes antibodies against PT alone and against the anti-
PS/PT complex. PT molecules bind with phosphatidylser-
ine (PS), a phospholipid in the cell membrane, and form a
PS/PT complex. Certain autoantibodies that recognize a
domain on the PS/PT complex (anti-PS/PT autoantibodies)
have a close association with hypercoagulation by acti-
vating prothrombin to thrombin in APS patients [8, 9].
These antibodies (or immune complexes) activate endo-
thelial cells via a specific pathway through Fey receptors,
resulting in release of procoagulant substances, activation
of coagulant factors, platelet aggregation, and finally, for-
mation of thrombosis [10]. Therefore, anti-PS/PT complex
antibodies have a close correlation with thrombosis and are
associated with APS and lupus anticoagulant (LAC) [10].
However, anti-PS/PT is not yet routinely measured in
clinical practice, despite its establishment as a new marker
of APS [11]. Differential pathological mechanisms are
probably involved in the development of arterial and
venous thrombosis, and they are likely to correlate with
different aPL antibodies. There are some reports that the
combination of various aPLs corresponds to higher risk of
thrombosis than in APS patients [12, 13]. Szodoray et al.
[12] also reported that thrombotic complications occur
more often in the presence of rare aPL antibodies (namely
aPS IgG and IgM, as well as aPT IgG). Nojima et al. [14]
examined levels of anti-CL/S,GPI and anti-PS/PT in 126
patients with SLE. In this report, prevalence of cerebral
infarction was obviously higher in patients who had both
anti-CL/f,GPI and anti-PS/PT than in the other patients
having anti-CL/f,GPI or anti-PS/PT alone or neither of
them. Furthermore, they studied the in vivo effects of anti-
CL/B,GPI and/or anti-PS/PT on the enhancement platelet
activation induced by stimulation with low concentration
of adenosine diphosphate (ADP). Platelet activation was
generated by the mixture of anti-CL/f,GPI-IgG and anti-
PS/PT-IgG prepared from individual patients, but not by
each fraction alone. Moreover, in patients with thrombosis,
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the prevalence and concentration of aPLs such as LA, aCL,
and anti-B,GPI antibodies were increased [15]. Together
with these previous investigations, the present severe
CAPS case indicates that the different pathways targeted
by the two types of anti-PL autoantibodies, anti-CL/f,GPI
and anti-PS/PT, might cause the severe clinical manifes-
tations observed in CAPS patients.

The present patient recovered with combination of
anticoagulant (aCs) therapy, corticosteroids (CS), plasma
exchange (PE), and -intravenously administered cyclo-
phosphamide pulse therapy (IVCY). Earlier initiation of
combination therapy is recommended for CAPS, and a
combination composed of aCs plus CS plus PE is recom-
mended as first-line therapy by the CAPS Registry Project
Group [16]. The role of cyclophosphamide for treatment of
CAPS is controversial. Cyclophosphamide was associated
with increased mortality in primary CAPS patients (P-
CAPS) but improved survival in patients with systemic
lupus erythematosus-associated CAPS (SLE-CAPS) [17].
In the present case, early combination therapy including
cyclophosphamide was effective and led to patient recov-
ery. Taken together, we recommend that not only the aCL,
but also the aPS/PT titer should be measured in cases of
CAPS, allowing clarification of the full picture of the
syndrome. It should be emphasized that the appearance of
multiple anti-aPLs may be associated with the development
of CAPS, and that measurement of the various antibodies
may be of benefit to predict the severity of CAPS. Further
‘multiple case studies or cohort studies may clarify the
relationship between aCL/f,GPI-aPS/PT combination and
prognosis of CAPS.
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