a polyvinylidene difluoride membrane. The membrane was
blocked with 5.0% skim milk in 0.05% Tween/phosphate-
buffered saline (PBST) for 1 h and probed with the indicated
primary antibodies. The primary antibodies KM1112, KM 1083,
and KM1082 were used to detect IP3R1, IP;R2, and IP3R3,
respectively [8]. The Pan-IP3R antibody is an antibody that
recognizes the consensus epitope of all types of IPsRs [9]. Anti-B-
actin antibody (AC-15) was purchased from Sigma (Tokyo, Japan).
Incubation of the membrane with the primary antibody was
performed for 2 h at room temperature. After washed with PBST,
the membrane was further incubated with horseradish peroxidase-
labeled secondary antibodies (1:4000; GE Healthcare, Amersham,
UK) for 1 h at room temperature, and the immobilized specific
antigen was visualized with the ECL plus detection kit (GE
Healthcare).

Measurement of Tear Secretion

The mice were anesthetized by intraperitoneal injection of
36 mg/kg ketamine (Daiichi Sankyo, Tokyo, Japan) and 16 mg/
kg xylazine (Bayer Healthcare, Leverkusen, Germany). Tear
production was stimulated by intraperitoneal injection of 3 mg/
kg pilocarpine (Santen, Osaka, Japan) or 1 mg/kg epinephrine at
1 min after the anesthesia. Tears were collected for 15 min and
the volume was calculated every 5 min during the 15-min
duration using 0.5-pL capillary microglass tubes (Drummond,
PA, USA). After the measurement, the mice were sacrificed, and
the lacrimal glands were extirpated. Then, the lacrimal gland
weights were measured, and the mean values were calculated to
obtain the average lacrimal gland weight of the mice. The tear
secretion volume was adjusted for the weight of the each lacrimal
gland.

Histopathology and Electron Microscopy

For histopathology, the extracted lacrimal glands and conjunc-
tiva were embedded in an optimal cutting temperature compound
(Sakura Finetechnical, Tokyo, Japan). Frozen sections (5-iim thick)
of the lacrimal glands or the conjunctiva were fixed with 10%
formalin neutral buffer solution (Wako, Osaka, Japan) and stained
with hematoxylin and eosin or with the periodic acid-Schiff
reagent. For electron microscopic observation, a portion of the
lacrimal glands was fixed with 2.5% glutaraldehyde in 0.1 M
phosphate buffer overnight and was post-fixed with 1.0% osmic
acid in 0.1 M cacodylate buffer. The specimens were dehydrated
with ethanol and embedded in epoxy resin. The ultra-thin sections
(80 nm) were double-stained with uranyl acetate and lead citrate,
and were examined under a transmission electron microscope

(1200 EXII; JEOL, Tokyo, Japan).

Immunohistochemical Analysis

Immunohistochemical analysis for IPsR3 localization and
classification of leukocytes was performed on lacrimal gland
sections from wild-type, ]zprff/ =, and Ipr2~’ —;Itprj’_/ ~ mice.
The extracted lacrimal glands were embedded in an optimal
cutting temperature compound. The frozen sections (5-um thick)
were fixed with 10% formalin neutral buffer solution (Wako) and
incubated with antibodies against IPsR3 (1:250; BD Transduction
Laboratories, Heidelberg, Germany), CD45, F4/80, CD19, CDS8,
or CD4 (1:100; eBioscience, San Diego, CA, USA). Signals were
detected by incubating with rabbit anti-mouse IgG antibodies
conjugated with Alexa 488 or peroxidase (Dako, Glostrup,
Denmark). Peroxidase-conjugated antibodies were visualized by
adding diaminobenzidine tetrahydroxychloride. Nuclear staining
was performed with 4',6-diamidino-2-phenylindole (DAPI; Do-
jindo, Kumamoto, Japan) or hematoxylin.
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Measurement of Acinar Cell Area of the Lacrimal Glands

For quantitative analysis, hematoxylin/eosin (HE)-stained
sections of the lacrimal glands from wild-type and Itpr2™’
‘;Itﬁﬁ—/_ mice were used. The lacrimal acinar cell area was
measured as reported previously [10].

Measurement of Intracellular Ca** Concentration in
Lacrimal Gland Cell Suspensions

Following deep anesthesia by the intraperitoneal injection of
60 mg/kg nembutal (Dainippon Sumitomo Pharma, Osaka,
Japan), the mice were sacrificed. Subsequently, the exorbital
lacrimal glands were immediately removed, placed in cold
balanced salt solution (BSS) containing 115 mM NaCl, 5.4 mM
KCl, 2 mM Ca®™, 1 mM Mg®*, 20 mM Hepes, and 10 mM
glucose (pH7.4), and rapidly minced under exposure to 2 mg/mL
collagenase type 2 (Worthington, Malvern, PA, USA) in BSA. The
material was then digested for 10 min at 37°C with 2 mg/mL of
collagenase type 2 in BSS, the suspension being gently passed
through a pipette several times. After the digestion, 1 mL of BSS
was added to the preparation and then centrifuged at 100xg for
3 min. The pellet was rinsed in 1 mL BSS and centrifuged in
order to collect the lacrimal gland cells.

The isolated lacrimal gland cell preparation was incubated in
5 uM fura-2 AM (Dojindo)/BSS for 45 min at room temperature,
rinsed twice, resuspended in 500 pL of BSS, and stored at 4°C.
For the two-dimensional measurement of Ca*" changes, a 75-uL
sample of fura-2-loaded lacrimal gland cells was dispersed on a
Cell-Tak (BD Biosciences, Bedford, MA, USA)-coated glass
coverslip that formed the bottom of the recording chamber,
mounted on the stage of an inverted fluorescein microscope (IX70,
Olympus, Tokyo, Japan), and perfused with BSS at a rate of
2 ml/min at room temperature. Excitation of fura-2 was
performed every 5s by alternate illumination with 340 and
380 nm light. The resultant fluorescence (510-550 nm; F340/
F380) was imaged using an objective lens (UPlanApo 20x/340,
Olympus) and a silicon-intensified target camera to obtain pseudo-
colored images of F340/F380, and stored in a personal computer
using the ARGUS50/CA software (Hamamatsu Photonics,
Shizuoka, Japan). The peak amplitude Ca®* responses (R, delta
Fura-2 ratio 340/380) were expressed as the averaged amplitude
from 0-50 sec was equal to zero.

Real Time RT-PCR

Total RNA was extracted from cells in the lacrimal glands of the
mice using the TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions. Complementary
DNA was produced from total RNA using Superscript VILO™
Master Mix (Invitrogen). Quantitative real-time PCR  was
performed using the StepOne-Plus Real Time PCR system
(Applied Biosystems) with Fast Advanced Master Mix (Applied
Biosystems) and the predesigned primers for tumor necrosis factor
alpha (TNF-0), interleukin-6 (IL-6), and glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) [TagMan Gene Expression Assay
(TNF-o:  MmO00443258-ml, IL-6: Mm00446190-ml, and
GAPDH: Mm99999915-g1)]. The mRNA levels were evaluated
by the AACT method, and normalized to GAPDH mRNA.

Enzyme-linked Immunosorbent Assay (ELISA) for

Immunoglobulins and Auto-antibodies

The amounts of mouse immunoglobulins and auto-antibodies in
sera from wild-type and Jpr2~"~ i3~ '~ mice were analyzed by
ELISA. For the detection of antibodies to SS-A antigens, the
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mouse sera were diluted 1:100 and analyzed using mouse anti-SS-
A IgG ELISA kits (Alpha Diagnostics, San Antonio, TX, USA).

Statistical Analysis

All summarized data were expressed as means * SEM.
Statistical significance was calculated by unpaired Student’s ftest
or Mann-Whitney U-test. A p value less than 5% was considered
statistically significant.

Results

Itpr2™"";Itpr3™/~ Mice had Severe Defects in Tear
Secretion Via Both Cholinergic and Adrenergic Receptor

Pathways

We have previously reported that [P3R2 and IPsR3 play crucial
roles in sccretions from salivary, pancreatic, and nasal glands [6,7].
However, the subtypes of IP;R expressed in lacrimal glands and
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their contribution to tear secretion remain unknown. To analyze
the role of IP3Rs in lacrimal glands, we measured tear flow in mice
deficient in IP3Rs (Fig. 1A). Since the body weight and lacrimal
gland weight were different between wild-type and mutant mice
(Figs. 1B, 1C), the tear volume was normalized against lacrimal
gland weight. After the intraperitoneal administration of pilocar-
pine, a cholinergic receptor agonist, wild-type mice shed a large
volume of tears in a time-dependent manner (Fig. 1D, E). Tear
secretion in fipr2”’” mice was comparable with that in wild-type
mice, while 737~ mice shed more tears than the wild-type
mice. In contrast, tear secretion was abolished in Zpr2 ™"~ g™’
" mice (Fig. 1D).

We also examined the contributions of IP3;Rs in tear secretion
via the sympathetic pathway. As shown in Fig. IF, tear flow by
intraperitoneal administration of epinephrine was clearly observed
in wild-type mice, but not in Zpr2~ "~ Jtpr3™"" mice. These results
suggest that IPsR2 and IPsR3 are the predominant subtypes of
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IP3Rs in lacrimal glands and are essential for tear secretion via
both the cholinergic and sympathetic pathways.

Acetylcholine- and Epinephrine-induced Ca®* Signals are

Abolished in itpr2 ™/ ;itpr3~/~ Lacrimal Acinar Cells

We next examined the expression level of each IPsR subtype in
the lacrimal glands. We found that all three types of IPsRs were
expressed in mouse lacrimal glands (Fig. 2A). No bands were
detected with anti-Pan-IP;R antibodies in the Zipr2™ /" Ipr3™ /™
lacrimal gland lysates (Fig. 2A). In addition, IPsRs were detected
by anti-Pan-IP4R antibodies in lacrimal gland lysates from Zipr2~"
~ but not in Zipr§~’” mice (Fig. 2B), suggesting that IPsR3 exhibits
the highest expression level among the three subtypes. Immuno-
histochemical studies using the anti-IP3R3 antibody revealed that
IP;R3 is localized at the restricted region near the apical
membranes in the acinar cells where endocrine secretion occurs
(Fig. 2C). IP3R 3 fluorescein staining was not detectable in ipr§ ™'~
mice (Fig. 2C).

Ca”" transients were clearly observed in response to acetylcho-
line (Ach) in wild-type lacrimal gland acinar cells in a dose-
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dependent manner (Fig. 2D). The Ztpr2~ '~ and Iipr3~'" acinar
cells showed Ca®* responses that were comparable to those of the
wild-type cells, except that the ]tpr3*/7 cells exhibited relatively
rather long-lasting Ca” signals with decreased peak amplitudes,
especially at 3.0 uM Ach (Figs. 2D, 2E). These long-lasting Ca®*
signals were likely due to the nature of the residual IPsR2, which
has the highest affinity for IP; among the three types of IPsRs, and
might explain the larger amount of tear secretion in Zipr3 ™/~ mice
(Fig. 1D). In contrast, Ach-induced Ca®* transients were dimin-
ished in the lipr2™"";lr3~ '™ acinar cells (Figs. 2D, 2E).
Moreover, Iipr2~ '~ ;lipr3~'~ acinar cells exhibited no epineph-
rine-induced Ca®" transients (Fig. 2F, G). The diminished Ca”"
signals in the Iipr2”'":Iypr3”'" acinar cells on epinephrine
stimulation was not due to the depletion of Ca®" stores, because
cyclopiazonic acid (CPA), a Ca®" pump inhibitor, induced a
considerable Ca®* leak from the endoplasmic reticulum (Fig. 2F).
These results suggest that IPsR2 and IP5R$ are essential for Ca®*
signals in both the sympathetic and parasympathetic pathways.
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Itpr2™ " :itpr3~’" Mice cause Dry Eye

We carelully checked the ocular surfaces of Iipr2™ "~ lipr3 ™"~
mice. A significant amount of debris was observed on the corneal
surfaces in Ipr2™/~ :Ipr3™"" mice (Fig. 3A). Abnormalities of the
conjunctival surface bound to abundant mucin complex were
observed in Jipr2” /" dipr3™’" mice (Fig. 3B). A reduction in the
number of goblet cells, a common feature of dry eye patients, was
also observed in Ipr2”":lpr3”’" mice. In addition, Ipr2”/
“:lpr3”’ " mice showed increased corneal fluorescein staining at 6
weeks (Figs. 3C, D), which indicates corncal epithelial barrier
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disruption in these mutant mice. This was not due to the abnormal
development of the corneal surface, because no significant
difference was observed in corneal staining between the ocular
surfaces of wild-type and Zipr2™ '~ ;lpr8™ '~ mice at 3 weeks after
birth, immediately after the mice opened their eyes (data not
shown). Moreover, Itpr2™ /™ ;Itpr3~’ mice showed increased blink
rates because of insuflicient tear flow on the ocular surface

(Fig. 3E).
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Figure 6. Elevation of serum immunoglobulins and autoantibodies to SS-A antigens in ltpr2™ itpr3™’
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~ mice. (A) Serum levels of

immunoglobulins. Serum samples were collected from 8-week-old wild-type and Itpr2 ™7 ;itpr3™" mice. Serum levels of IgG, igA |gG1 Igsza, and

1gG3 were measured by ELISA. (B) Serum levels of autoantibodies in wild-type (6 weeks, n= 10; 10-35 weeks, n=11) and ftpr2 " ;ltpr3~*

(6 weeks,

n=8; 10-35 weeks, n=7) mice. Serum levels of autoantibodies to SS-A antigens, Bars show the means. All data are presented as means * SEM.
Student's t-test, *P-0.05. All experiments were performed at least three times, and representative data are shown.

doi:10.1371/journal. pone.0099205.9006

Atrophy of the Lacrimal Glands in Itpr2”’“’;ltpr3“/" Mice
We next performed histological analysis ol the lacrimal gland
tissucs, and found atrophy of the lacrimal ;,hud acuuu units with
marked lymphocytic infiliration in Il/n.? diprs 7 mice more
than 10 weeks of age (Fig. 4A). Elecuon micrographs also
demonstrated the distinct morphology of acinar cells between
wild-type and I/jﬂ‘?”w;llprﬁww mice. Secretory vesicles were
located ncar the acinar lumen side and the well-developed
endoplasmic reticulum (ER) structure was clearly observed in the
cytoplasm near the apical side of ihc wild-type lacrimal acinar cells
(Fig. 4B). In the fipr2” Y3 acinar cells, however, an
excessive number of secretory vesicles accumulated and distributed
in the cytoplasm, making it difficult to detect the ER in the
cytoplasm (Fig. 4B). We also found that the Il/)rQW‘/" s
acinar cells seemed to be smaller than wilc tvpe acinar cells. The
lacrimal acinar cell arca in Ipr2™/ " diprs™ " mice was approx-
imately 40% smaller than that in wild-type mice (Fig. 4C).

Inflammation of the Lacrimal Glands in itpr2™"itpr3™"~
Mice

To further explore the infiltration state of the lacrimal glands in
Tipr2™" " dipr3™ " mice, we classified the inflammatory infiltrates
by using several lymphocyte markers (leukocyte; CD45, macro-
phage; F4/80, T-ccll; CD4 and CD8, B-cell; CD19). We found
that CD45-positive mﬂammdloq mononuclear cells infiltrated the
lacrimal glands in Jpr2™" " 0ipr3™ " mice at 10 weeks (Fig. 5A, left
panel, white arrow heads). These CD45-positive cells were located
in the interstitial space around the lacrimal gland acinar cells.
Macrophages and activated T-cells were the major inflammatory
cells at 10 weeks (Fig. 5A); however, the population of infiltrating
cells changed therealter, and many B cells were detected at 40
weeks (Fig. 5A, right panel, arrow). We also checked the
inflammatory environment of the lacrimal glands by evaluating
the levels of pro-inflammatory cytokines. We found that the
expression levels of pro-inflammatory cytokines such as TNF-o
and IL-6 were significandy increased in the lacrimal glands in
Tipr2™ "~ 3™’ mice (Fig. 5B and C).

Itpr2™"~;itpr3™/~ Mice Present Autoantibodies against
Ribonucleoprotein SSA

We finally examined the concentrations of immunoglobulins
and autoantibodies against ribonucleoprotein SSA, one of the
most commonly detected autoantibodies in patients with SS, in the
serum of Jipr2™ "~ :lipr3™’" mice. As shown in Fig. 6A, we found
that the concentration of immunoglobulin was significantly higher
in [1101'2"/_;141)1'3*/_ mice than in wild-type mice. Moreover, the
levels of autoantibodies against SSA were significantly higher in
Ipr2™" " 3™’ mice compared to wild-type mice at 10 weeks,
when the infiltrates were observed (Fig. 6B).

Discussion

In this study, we have shown that the type 2 and type 3 IPsRs
are predominantly expressed in lacrimal glands and that IP3Rs are
essental for tear secretion via both the sympathetic and
parasympathetic signaling pathways. We also found that Ca”
signals in response to epinephric as well as cholinergic receptors
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were diminished in Jpr2” " 3”7 lacrimal gland cells. The
lack of tear flow resulted in inercased cye blink rates, and the
corneal surface and conjunctiva were severely damaged in ‘jlj)i'é)-/
Tidiprs”’T mice. As the mutant mice aged, Ipr2” " Dipr3 T mice
displayed atrophy and infiltration of lacrimal glands as well as the
production of autoantibodics against SSA in the sera, which are
clinical features observed in human $S [11,12]. Thus, our Ipr2™/
“iipr3™’T mice constitute a novel dry eye mouse model with an
SS-like phenotype.

It is well known that nc)reph’)cphrinc released from sympathetic
nerves pr(*d()minamly activates  ol-adrenergic  receptors zmd
induces Ca” elevation in lacrimal acinar cells [13]. However, i
contrast to the established role of IP3R in Ca®" elevation induc (‘d
by par 'ISY\I}])’\{‘]( tie stimuli, the Cia®" channels that are responsible
for cytosolic Ca®* clevation triggered by a-adrencrgic stimuli are
not clearly identified in lacrimal acinar cells. Several previous
studies suggested a role for ryanodine receptors in Ca™ elevation
in lacrimal glands by norpinephrine [3]. Our study clearly
demonstrated that IPsRs contribute significanty to adxcncrgie
tear secretion as well as cholinergic tear secretion in vive. Ca**
uausi(*nls wriggered by epinephrine were diminished i Zipr2™’

Il/no "~ lacrimal gland acinar cells. These results suggest that
Ca™ release from TP4Rs is a crucial event in both cholinergic and
adrenergic signal transduction in lacrimal glands, which underlies
the lack of tear secretion, resulting in the abnormal ocular surface
seen in Ipr2” " :lprs™’ mice.

It is an important observation that lpr2™ '~ Q3™ mice
developed only corncal and conjunctival injuries at 6 wecks of age
and showed lacrimal gland infiltrations only after 10 weeks of age.
Thus, ocular surface disturbance secems to occur prior to
lymphocyte infilration into  the lacrimal glands in Jpr2™7
“:lpr3™’7 mice. Together with the previous finding that the
desiccating stress of the ocular surface induces lacrimal gland
imflammation and infiltration [14], corneal surface and conjunc-
tival injuries caused by long-lasting dysfunction of lacrimal acinar
cells may lead to the activation of antigen-presenting cells [15] and
the subsequent breakdown of self-tolerance against endogenous
epitopes shared among lacrimal gland units. Further studies are
necessary for a clear understanding of the mechanism of
infilration in the lacrimal glands, which might contribute to the
pathogenesis of SS in humans.

In conclusion, we have demonstrated that IP3R2 and IP3R3
play a central role in tear secretion and maintenance of the
lacrimal glands. Our data indicate that Ca®" release from IP3Rs in
lacrimal gland acinar cells is essential for sympathetic as well as
cholinergic tear secretion. Together with the defect in saliva
secretion observed in our previous study [6], the diversified
symptoms of Ipr2™' " Jipr8™’" mice including lacrimal gland
mnflammatory foci, ocular surface disruption, and the production of
autoantibodies against SSA fulfill the criteria for a diagnosis of SS,
established by the American-European Consensus Group [16].
We believe that fipr2~ "~ :lipr3™ ™ mice will be a useful tool for the
analysis of pathological mechanisms and for the development of
new treatment strategies for SS.

June 2014 | Volume 9 | Issue 6 | €99205



Acknowledgments

We would like to thank Dr. Toshihiro Nagai, Dr. Katsuhiro Kawaai, and
Dr. Takeyuki Sugawara for their excellent technical advice, Ms Kotomi
Sugiura for mouse breeding, and Dr. Murat Dogru and Dr. Tomoko Sato
for their critical reading of the manuscript. We also thank Dr. Ichiro Saito,
Dr. Kensei Tsuzaka, Dr. Akihiro Mizutani, Dr. Yukiko Kuroda, and Dr.
Helen Kiefer for valuable discussion.

References

1. Dartt DA {1989) Signal transduction and control of lacrimal gland protein
sccretion: a review. Curr Eye Res 8: 619-636.

2. Dartt DA (1994) Regulation of tear secretion. Adv Exp Med Biol 350: 1-9.

3. Gromada J, Jorgensen I'D, Dissing S (1995) The release of intracellular Ca* in
lacrimal acinar cells by alpha-, beta-adrenergic and muscarinic cholinergic
stimulation: the roles of inositol triphosphate and cyclic ADP-ribose. Pflugers
Arch 429: 751-761.

4. Hodges RR, Dicker DM, Rose PE, Dartt DA (1992) Alpha I-adrenergic and
cholinergic agonists use separate signal transduction pathways in lacrimal gland.
Am J Physiol 262: G1087-1096.

5. Dartt DA (2009) Neural regulation of lacrimal gland secretory processes:
relevance in dry eye diseases. Prog Retin Eye Res 28: 155-177.

6. Futatsugi A, Nakamura T, Yamada MK, Ebisui E, Nakamura K, et al. (2005)
IP; receptor types 2 and 3 mediate exocrine secretion underlying energy
metabolism. Science 309: 2232-2234.

7. Fukuda N, Shirasu M, Sato K, Ebisui E, Touhara K, et al. (2008) Decreased
olfactory mucus secretion and nasal abnormality in mice lacking type 2 and type
3 IP3 receptors. Eur J Neurosci 27: 2665-2675.

8. Iwai M, Tateishi Y, Hattori M, Mizutani A, Nakamura T, et al. (2005)
Molecular cloning of mouse type 2 and type 3 inositol 1,4,5-trisphosphate
receptors and identification of a novel type 2 receptor splice variant. ] Biol Chem
280: 10305-10317.

PLOS ONE | www.plosone.org

10

Dry Eye Mice with Altered Lacrimal Ca®* Signals

Author Contributions

Conceived and designed the experiments: KM CH TI. Performed the
experiments: CH TI ¥YS YO EE NO. Analyzed the data: CH TI TT.
Contributed reagents/materials/analysis tools: MM. Wrote the paper: CH
TI KM KT.

9. Hattorl M, Suzuki AZ, Higo 'Y, Miyauchi H, Michikawa T, et al. (2004) Distinct
roles of inositol 1,4,5-trisphosphate receptor types 1 and 3 in Ca®* signaling.
J Biol Chem 279: 11967-11975.

Kamoi M, Ogawa Y, Nakamura S, Dogru M, Nagai T, et al (2012)
Accumulation of secretory vesicles in the lacrimal gland epithelia is related to
non-Sjogren’s type dry eye in visual display terminal users. PLoS One 7: e43688.
11. Fox RI (1995) Sjogren’s syndrome. Curr Opin Rheumatol 7: 409-416.

10.

12. Fox RI, Maruyama T (1997) Pathogenesis and treatment of Sjogren’s syndrome.
Clurr Opin Rheumatol 9: 393-399.

13. Dartt DA, Rose PE, Dicker DM, Ronco LV, Hodges RR (1994) Alpha 1-
adrenergic agonist-stimulated protein secretion in rat exorbital lacrimal gland
acini. Exp Eye Res 38: 423-429.

14. Niederkorn JY, Stern ME, Pflugfelder SC, De Paiva CS, Corrales RM, et al.
(2006) Desiccating stress induces 1 cell-mediated Sjogren’s Syndrome-like
lacrimal keratoconjunctivitis. J Immunol 176: 3950 3957.

15. Matzinger P (2002) The danger model: a renewed sense of self. Science 296:
301 305.

16. Vitali G, Bombardieri S, Jonsson R, Moutsopoulos HM, Alexander EL, et al.

(2002) Classification criteria for Sjogren’s syndrome: a revised version of the
European criteria proposed by the American-European Consensus Group. Ann
Rheum Dis 61: 534-558.

June 2014 | Volume 9 | Issue 6 | 99205



Japan College of Rheurnatology

MODERN
RHEUMATOLOGY

Mod Rheumatol, 2014; 24(5): 744-753
© 2014 Japan College of Rheumatology
DO 10.3109/14397595.2014.899179

bttp://informahealthcare.com/mor
ISSN 1439-7595 {print), 1439-7609 (online)

informa

healthcare

ORIGINAL ARTICLE

Phase lll, multicenter, open-label, long-term study of the safety of
abatacept in Japanese patients with rheumatoid arthritis and an
inadequate response to conventional or biologic disease-modifying

antirheumatic drugs

Tsutomu Takeuchi', Tsukasa Matsubara?, Yukitomo Urata’, Eiichi Suematsu?, Shuji Ohta®, Shigeru Honjo®,
Tohru Abe’, Ami Yamamoto®, Nobuyuki Miyasaka?, and The Japan Abatacept Study Group

1Division of Rheumatology, Department of Internal Medicine, School of Medicine, Keio University, Tokyo, Japan, *Department of Orthopedics,
Matsubara Mayflower Hospital, Hyogo, Japan, *Department of Rheumatology, Seihoku Chuo Hospital, United Municipalities of Tshugaru, Aomori,

Japan, *Department of Internal Medicine and Rheumatology, National Hospital Organization Kyushu Medical Center, Fukuoka, Japan, >Department
of Rheumatology, Taga General Hospital, Ibaraki, Japan, ®Honjo Rheumatism Clinic, Toyama, Japan, ’ Division of Rheumatology, Clinical immunology,
Saitama Medical Center, Saitama Medical School, Saitama, Japan, ®Bristol-Myers KK, Tokyo, Japan, and *Department of Medicine and Rheumatology,
and Global Center of Excellence, Graduate School of Medical and Dental Sciences, Tokyo Medical and Dental University, Tokyo, Japan

Abstract

Objectives. To examine the long-term safety of intravenous (V) abatacept treatment in Japanese
patients with rheumatoid arthritis (RA) and an inadequate response to methotrexate (MTX) or
other conventional or biologic disease-modifying antirheumatic drugs.

Methods. This Phase lil, open-label, long-term study (NCT00484289) comprised Japanese patients
with RA who had completed abatacept Phase | or Phase Il studies, and new patients intolerant
to MTX. Patients from Phase | and Phase [l studies received a weight-tiered dosing equivalent of
10 mg/kg abatacept, with MTX at doses up to 8 mg/week; newly enrolled patients received
weight-tiered 10 mg/kg abatacept monotherapy. Safety and efficacy were assessed.

Results. A total of 217 patients (Phase |, n = 13; Phase ll, n = 178; newly enrolled, n = 26) were
treated with IV abatacept for a mean of 3 years. Serious adverse events occurred in 67/217
(30.9%) patients. Most adverse events were mild or moderate. For all cohorts combined, Ameri-
can College of Rheumatology 20% response rates ranged from 61.3 to 81.8% for as-observed and
last observation carried forward analyses over 192 weeks. Following initial response, clinical and
functional outcomes were maintained for up to 3 years.

Conclusions. In Japanese patients with RA, IV abatacept with and without background MTX
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showed tolerable safety and sustained efficacy over 3 years.

Introduction

Chronic diseases such as rheumatoid arthritis (RA) require treat-
ments that provide durable efficacy, and which are safe and well
tolerated over the long term. While the majority of Japanese
patients with RA start their treatment with a conventional disease-
modifying antitheumatic drug (DMARD) such as methotrexate
(MTX) [1], some patients do not achieve adequate clinical ben-
efit with MTX and may experience serious adverse events such
as liver toxicity and bone marrow suppression [2]. Furthermore,
MTX should not be administered to some patients due to safety
concerns, such as a history of liver or kidney disorders [3]. As
many such patients have significant disease activity, additional
therapeutic options are necessary. Biologic DMARD therapies for
RA provide increased clinical and structural benefit compared with
conventional DMARDs [4,5]. First approved more than a decade

Correspondence to: Tsutomu Takeuchi, Division of Rheumatology,
Department of Internal Medicine, School of Medicine, Keio University,
35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, Japan. Tel: + 81-3-
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ago [6], a variety of biologic agents with differing mechanisms of
action are currently available.

Abatacept is a fully humanized, soluble, recombinant fusion
protein consisting of the extracellular domain of human cyto-
toxic T-lymphocyte-associated antigen-4 (CTLA-4) and the Fc
domain of human immunoglobulin (Ig) G1. It is the only treat-
ment for RA that mimics the naturally occurring homeostatic
mechanism of human CTLA-4 and inhibits the interaction of
CD28 with CD80/86 on the antigen-presenting cell, thus selec-
tively modulating the co-stimulatory signal required for full
T-cell activation [7].

The safety and efficacy of intravenous (IV) abatacept has been
well established in the global population, with both short-term and
long-term studies. IV abatacept is currently approved in the USA,
the European Union, Japan, and several other countries for the treat-
ment of moderate-to-severe RA, and a subcutaneous formulation
is becoming more widely available worldwide. The IV formulation
of abatacept is effective, with favorable safety, in patients with RA
who are MTX-naive [8], MTX inadequate responders [9,10], or
anti-tumor necrosis factor inadequate responders [11].
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IV abatacept has demonstrated favorable tolerability and clini-
cal efficacy benefits among Japanese patients with RA who- are
MTX inadequate responders [12]. The safety, tolerability, phar-
macokinetics, immunogenicity, and preliminary evaluations of the
efficacy and pharmacodynamics of abatacept (2, 8, and 16 mg/
kg) were examined in a Phase I, multicenter, open-label, dose-es-
calation study in Japanese patients with RA (n=21; IM101-034)
[13]. Abatacept had favorable safety and was well tolerated up to
the highest dose of 16 mg/kg over 57-127 days, and pharmacoki-
netic outcomes were similar to those reported in another open-
label clinical study of IV abatacept [14]. Abatacept was found to
be effective (as assessed by American College of Rheumatology
20% [ACR20] response) in patients in each of the three dose
groups. A Phase II study (IM101-071, NCT00345748) examined
the dose response of abatacept (2 and 10 mg/kg) compared with
that of placebo and background MTX in Japanese patients with
active RA over 24 weeks (n = 195) [12]. This study demonstrated
significantly greater ACR20, ACR50, and ACR70 responses with
abatacept 10 mg/kg compared to those with placebo (P <0.0001),
whereas smaller but statistically significant responses were seen in
the 2 mg/kg abatacept group. Additionally, abatacept plus MTX
was found to be well tolerated.

The primary objective of the present 3-year, long-term study
(ClinicalTrials.gov identifier NCT00484289) was to examine the
safety of continuous IV abatacept in patients with RA who partici-
pated in either the Phase I or the Phase II studies, or were newly
enrolled and received abatacept monotherapy due to the inability
to tolerate MTX owing to safety concerns and had an inadequate
response to other DMARDs. The secondary objectives of this
study included assessment of clinical and functional efficacy,
health-related quality of life, immunogenicity, and laboratory and
pharmacodynamic outcomes.

Patients and methods
Patient population

This study comprised three cohorts of patients with RA, including
patients who previously participated in either the Japanese Phase
I study IM101-034 (February 2004-December 2005) or the Japa-
nese Phase II study IM101-071 (June 2006-November 2007), or
new patients enrolling in this study who were MTX-intolerant, had
never received abatacept before, and had an inadequate response
to DMARDs other than MTX, including biologics. Each cohort
consisted of Japanese males and females aged =20 years with a
diagnosis of RA as defined by the American Rheumatism Associa-
tion (1987) [15] and an ACR functional status of Class I, Class 1T
or Class III [16]. Further eligibility criteria applied to the particu-
lar cohorts are described below.

In the Phase I, open-label, dose-escalation study, patients who
had been receiving DMARDs at registration were treated with
single or multiple doses (Days 1, 15, 29, and 57) of IV abatacept
2, 8, or 16 mg/kg [13]. Patients who were withdrawn from the
Phase I study due to safety reasons were excluded from this Phase
T study. Between Phase I and Phase III, patients may have been
treated with other biologic agents. At registration for this Phase III
study, patients from Phase I were required to have undergone the
following washout periods: infliximab discontinuation at least 56
days prior to screening and 84 days prior to the first administration
of abatacept, and etanercept withdrawal at least 28 days prior to
screening.

In the Phase II study, patients with active RA and an inadequate
response to MTX were treated with IV abatacept 2 or 10 mg/kg
plus MTX, or placebo plus MTX, for 24 weeks [12]. Patients from
Phase II must have completed the IM101-071 study to be eligible
for the present Phase III study. Additionally, patients from Phase II
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could not have received any biologics between the completion of
IM101-071 and enrollment in the Phase IIT study.

The new patient cohort with MTX intolerance consisted of
patients who could not receive MTX owing to safety reasons.
These patients presented with an inadequate response to conven-
tional DMARDs or biologics, and had = 6 swollen joints and =8
tender joints at the time of screening. In this new patient cohort,
infliximab, and etanercept were discontinued as described above
for patients from Phase I, and DMARDs were withdrawn at least
28 days prior to screening.

Exclusion criteria for all three cohorts in the current Phase
I study included those patients who, at screening, had received
unlicensed biologics (excluding abatacept) from previous or ongo-
ing studies in Japan. Additionally, patients who had received any
investigational drug (excluding abatacept) within five half-lives of
the product or 56 days before screening were excluded. Patients
were also excluded if they were currently under treatment with
leflunomide, mycophenolate mofetil, calcineurin inhibitors such as
cyclosporine and tacrolimus, D-penicillamine, cyclophosphamide,
or immunoadsorption columns at screening.

Study design

This was a multicenter, open-label, long-term study that was con-
ducted at 40 sites in Japan. The study was therefore performed in
an open-label and uncontrolled manner and no hypotheses were
planned. The study was planned to continue until the approval of
IV abatacept in Japan, and thus, a specific duration of administra-
tion of abatacept was not set. The protocol and patients’ informed
consent received institutional review board/independent ethics
committee approval; the study was conducted in accordance
with the Declaration of Helsinki and was consistent with Good
Clinical Practice guidelines of the International Conference on
Harmonisation.

All patients, regardless of previously received abatacept dose
(from Phases I and II), were given abatacept at a weight-tiered
dose approximating 10 mg/kg (500 mg for patients weighing
<60 kg, 750 mg for patients weighing 60-100 kg, and 1 g for
patients weighing > 100 kg). The dose was administered intrave-
nously at Weeks 0, 2, 4, and every 4 weeks thereafter. From the
second year of participation in the study, patients were reweighed
once a year and their abatacept dose was checked and adjusted if
needed. Concomitant administration of other biologics was pro-
hibited in all patients. New patients with MTX intolerance were
not permitted to use concomitant conventional DMARDs during
the first 12 weeks, whereas patients enrolled from the Phase T and
Phase II studies were permitted to use conventional DMARDs
(MTX, <8 mg/week) from the time of enrollment. In addition, use
of corticosteroids (total dose, = 10 mg/day prednisolone equiva-
lent) and non-steroidal anti-inflammatory drugs were permitted in
all patients. Patients who discontinued from the study were fol-
lowed up at the time of discontinuation and for 12 weeks following
the last abatacept administration.

Safety assessments

Adverse events (AEs), serious adverse events (SAEs), and
laboratory tests were recorded throughout the study. An AE was
defined as any new untoward medical occurrence or worsening
of a preexisting medical condition in a patient administered
abatacept that did not necessarily have a causal relationship with
treatment. An SAE was defined as any AE that resulted in death,
disability, or hospitalization, or that was life-threatening. If a
patient experienced an AE during the study, abatacept was con-
tinued only if the AE resolved and was considered not clinically
significant.
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Laboratory tests included hematology, blood chemistry, and
urinalysis. “Abnormal laboratory values™ were defined as values
that deviated from the normal range defined by the central labora-
tory. Average changes in laboratory tests were calculated based
on the normal ranges in females. Supplementary Tables 1 and 2
available online at: http//informahealthcare.com/doi/abs/10.3109/
14397595.2014.899179 show definitions of severity for AEs and
criteria for selecting abnormal laboratory values, respectively.

Immunogenicity and pharmacodynamic assessments

Immunogenicity was assessed based on the levels of anti-
abatacept (CTLA-4-Ig) antibodies and anti-CTLA-4 antibodies
(CTLA-4-T: CTLA-4 without the Ig region) in blood using an
enzyme-linked immunosorbent assay (ELISA). Blood samples
were collected for immunogenicity assessments prior to abata-
cept administration at Week 0 and every 24 weeks thereafter, If
a patient discontinued the study prematurely, immunogenicity
was assessed at discontinuation and at 4, 8, and 12 weeks after
the final administration of abatacept. When the serum concen-
tration of abatacept was << 1 pg/ml., seropositive samples with
anti-CTLA-4-T reactivity were further characterized using a cell-
based neutralization assay to determine whether the sample had
neutralizing antibody activity.

Rheumatoid factor (RF) and C-reactive protein (CRP) concen-
tration levels were measured as pharmacodynamic parameters.
Samples for the assessment of RF concentration levels were taken
at Week 0 and every 12 weeks thereafter. Samples for the assess-
ment of CRP concentration levels were taken at Weeks 0, 2, and
4, and then every 4 weeks for the first year, followed by every 12
weeks for the remainder of the study.

Efficacy assessments

Clinical efficacy was evaluated by ACR20, ACR50, and ACR70
responses [17]. Disease activity was measured by the rates of
patients achieving a low disease activity state (LDAS; 28-joint
Disease Activity Score [DAS28] [CRP] of =3.2) and remis-
sion (DAS28 [CRP] of <2.6). Physical function was measured
by patient-reported Health Assessment Questionnaire (HAQ)
response (improvement from baseline of = 0.3 units) [18]. The
above efficacy assessments were made at Week 0 and every 12
weeks thereafter. Health-related quality of life was assessed using
the Short Form-36 (SF-36) questionnaire at Week 0, and then
every 12 weeks for the first year, followed by every 24 weeks for
the remainder of the study.

Statistical analysis

Data are presented for the pooled population and by original cohort.
All patients who received at least one infusion of abatacept were
included in the safety and efficacy data sets. Patients who discon-
tinued from the study without receiving abatacept were deemed
pretreatment dropouts. While there was no hypothesis testing and
no power consideration for safety or efficacy, administration of
abatacept to 180 patients provided a 95% probability of observing
at least one occurrence of any AE that would occur with =1.7%
incidence in the population from which the sample is drawn. All
available data from patients who had received abatacept, and for
whom baseline and at least one additional measurement had been
available, were included in the pharmacodynamic and immuno-
genicity data sets. Baseline for all patient cohorts was defined as
pre-dose of Day 1 for this Phase III study.

Safety data (all AEs) were described and analyzed as frequency
distributions. Laboratory test results were summarized using
descriptive statistics, and the rate of positive response was calcu-
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lated for immunogenicity. For pharmacodynamic parameters, con-
centration levels and changes from baseline were evaluated using
descriptive statistics.

All clinical variables, including ACR20/50/70, DAS28 (CRP)-
defined LDAS and remission, and HAQ response, were summa-
rized as observed for patients with data available at the visit of
interest, using descriptive statistics. In addition to these analyses, a
post hoe analysis of clinical results (ACR20/50/70, DAS28 [CRP]-
defined LDAS and remission, and HAQ response) was carried out
using a last observation carried forward (LOCF) analysis. Changes
from baseline in each item of the SF-36 were summarized using
descriptive statistics.

Results
Patient demographics

Patients completed screening in March 2008; the last day of
observation occurred in December 2010. Patient disposition is
summarized in Figure 1. A total of 217 patients were treated with
abatacept (patients from Phase I, n=13; patients from Phase II,
n=178; new patients with MTX intolerance, n=26). Of the
217 patients, 56 (25.8%) discontinued from the study. Reasons for
discontinuation included AEs and abnormal laboratory changes
(247217, 11.1%), patient request (13/217; 6.0%), inadequate
response (13/217; 6.0%), and other reasons (6/217; 2.8%).

The mean age and weight of patients were 53.8 years and 56.5
kg, respectively, and the majority of patients were female (177/217;
81.6%). Patients had a mean disease duration of 9.1 years at the
start of the Phase 1II study (baseline). The majority (141/217;
65.0%) of patients in each cohort were classified as RA Functional
Class 1I. RA disease activity, as measured by tender joints, swol-
len joint counts, and CRP levels, was highest in the cohort of new
patients with MTX intolerance (Table 1).

While there was at least a 1-year gap between the last day of
observation in the Phase I study and the initiation of this Phase
1II study, there was a median (range) transition period of 12.1
(7.1-25.1) weeks between the final dose of abatacept or placebo
in the Phase II study and the first dose of abatacept in the pres-
ent Phase III study. Following this Phase II to Phase III transi-
tion period, patients from Phase 11 had a median (range) duration
of exposure to abatacept of 37.7 (3.6-45.1) months. The median
(range) duration of exposure to abatacept in patients from Phase
I was 42.4 (31.3-44.0) months, 32.3 (1.0-44.0) months in new
patients with MTX intolerance, and 37.7 (1.0-45.1) months in all
patients combined. More than half (126/217; 58.1%) of all patients
were treated with abatacept for more than 3 years. One abatacept
infusion was missed in 34/217 (15.7%) patients during the present
treatment period; however, no patients had missed more than two
consecutive doses. Seven patients missed three or more doses in
total; in all the cases, the reason for missing the dose was an AE.

At the time of enrollment, most patients were receiving con-
comitant MTX therapy (Table 1). MTX dosage (mean [standard
deviation, SD]) was 7.11 (1.45) mg/week in patients from Phase I,
and 7.11 (1.07) mg/week in patients from Phase II. Concomitant
DMARD therapy was prohibited in new patients with MTX intol-
erance from the start of the study until the completion of Week
12. Concomitant oral corticosteroid therapy (prednisolone: mean
[SD] dose, 5.85 [2.41] mg/day in all cohorts) was used by 182/217
(83.9%) patients in the study.

Safety
Adverse events

The overall safety profile for abatacept in all three patient
cohorts is shown in Table 2. The most common AEs were
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Patients from Patients from New patients
Phase | Phase Il with MTX intolerance
n=13 n=178 n=26
[
Total
n=217
Non-study drug-administered patients: 0 All treated patients: 217

Patients from Phase 1: 13
Patients from Phase Il: 178
New patients with MTX intolerance: 26

Withdrawn patients: 56
Patients from Phase |: 3
Reasons: Adverse event (1)
Inadequate response (2)
Patients from Phase ll: 37
Reasons: Adverse event? (18)
At the request of the patient (7)
Inadequate response (7)
Other (5)
New patients with MTX intolerance: 16
Reasons: Adverse event (5)
At the request of the patient (6)
Inadequate response (4)
Other (1)

Number of patients with efficacy results
Patients Patients New patients Total
from from with MTX

Phase| Phasell intolerance
Week 24 13 176 23 212
Week 48 13 170 18 201
Week 96 13 160 17 190
Week 144 12 142 13 167
Week 192° 3 7 1 11

Patients who continued to participate in

the post-marketing study®: 162
Patients from Phase I: 10
Patients from Phase Il: 142
New patients with MTX intolerance: 10

Figure 1. Patient disposition.*Discontinuations from adverse events included one discontinuation due to abnormal laboratory changes. ®Only 11 patients
had 192 weeks of treatment at the time of analysis, due to differential enrollment times.“The last time point for the study was 27 December 2010, at which
point the median (range) cumulative duration of abatacept exposure in all patients combined was 37.7 (1.0-45.1) months. MTX, methotrexate.

Table 1. Patient characteristics.

Patients from

Patients from

New patients with

Phase I, Phase 11, MTX intolerance, Total,

Variables n=13 =178 n=26 N=217
Age (years), mean (SD) 52.8 (11.6) 53.2(11.5) 57.8 (10.6) 53.8(11.4)
Weight (kg), mean (SD) 55.209.7) 56.9 (9.4) 53.9 (10.8) 56.5 (9.6)
Number of females, 7 (%) 12 (92.3) 146 (82.0) 19 (73.1) 177 (81.6)
Duration of RA (years), mean (SD) 14.4 (9.0) 8.4 (7.3) 10.9 (10.1) 9.1(7.9)
Tender joints, mean (SD) 8.4(5.2) 14.3 (11.2) 22.7 (13.3) 14.9 (11.6)
Swollen joints, mean (SD) 9.14.7) 11.6 (8.7) 17.2 (10.0) 12.1(8.9)
Pain (VAS 100 mm), mean (SD) 43.1 (23.5) 52.3 (24.9) 80.6 (20.1) 55.1 (26.0)
Physical function (HAQ score), mean (SD) 0.98 (0.57) 1.16 (0.75) 1.80 (0.90) 1.22 (0.79)
Subject Global Assessment (VAS 100 mm), mean (SD) 47.1 (20.7) 50.8 (23.8) 77.3 (20.4) 53.7 (24.8)
Physician Global Assessment (VAS 100 mm), mean (SD) 56.5 (24.7) 47.5 (24.0) 75.5 (16.5) 51.4 (24.9)
CRP (mg/dL), mean (SD) 1.84 (2.84) 2.32(2.18) 4.67 (3.65) 2.57 (2.55)
Rheumatoid factor (IU/mL)

Negative (=20), n (%) 1(7.7) 24 (13.5) 4(15.4) 29 (13.4)

Positive (>20), n (%) 12 (92.3) 154 (86.5) 22 (84.6) 188 (86.6)
DAS28 (CRP), n 13 176 21 210

Mean (SD) 4.4 (1.0 4.8 (1.4) 6.3 (1.0) 5.0(1.4)
Prior MTX use, n (%) 9 (69.2) 178 (100.0) 26 (100.0) 213 (98.2)
Prior conventional DMARD use,?n (%) 3(23.1) 6 (3.4) 9(34.6) 18 (8.3)
Prior biologic use, n (%) 9 (69.2) 52 (29.2) 14 (53.8) 75 (34.6)
Concomitant MTX use at registration, # (%) 9(69.2) 175 (98.3) 0 184 (84.8)

Dose (mg/week), mean (SD) 7.11 (1.45) 7.11 (1.07) - 7.11 (1.09)
Concomitant oral corticosteroid use at registration, n (%) 13 (100.0) 146 (82.0) 23 (88.5) 182 (83.9)

Dose (mg/day), mean (SD) 6.15 (2.37) 5.67 (2.38) 6.78 (2.48) 5.85(2.41)

CRP, C-reactive protein; DAS28, 28-joint Disease Activity Score; DMARD, disease-modifying antirheumatic drug; HAQ, Health Assessment
Questionnaire; MTX, methotrexate; RA, rheumatoid arthritis; SD, standard deviation; VAS, visual analog scale.

20ther than MTX.
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Table 2. Adverse events and serious adverse events.
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Number of patients (%)

Patients Patients from New patients with
from Phase [, Phase II, MTX intolerance, Total,
n=13 n=178 n=20 N=217
AEs 13 (100.0) 176 (98.9) 24 (92.3) 213 (98.2)
Drug-related AEs 13 (100.0) 165 (92.7) 24 (92.3) 202 (93.1)
Discontinuation due to AEs 1(7.7) 17 (9.6) 5(19.2) 23 (10.6)
Infections and infestations 11 (84.6) 141 (79.2) 16 (61.5) 168 (77.4)
Neoplasms benign, malignant, and unspecified (including cysts and polyps) 0 22 (12.4) 2010 24 (11.1)
Autoimmune disorders 0 7(3.9) 1 (3.8) 8(3.7)
Peri-infusional 9(69.2) 78 (43.8) 16 (61.5) 103 (47.5)
SAEs 4(30.8) 50 (28.1) 13 (50.0) 67 (30.9)
Drug-related SAEs 2(15.4) 26 (14.6) 8 (30.8) 36 (16.6)
Discontinuation due to SAEs 0 14 (7.9) 5(19.2) 19 (8.8)
Infections and infestations 2(15.4) 11(6.2) 311 16 (7.4)
Neoplasms benign, malignant, and unspecified (including cysts and polyps) 0 10 (5.6) 1 (3.8) 1 (G5.h
Abnormal laboratory changes 7(53.8) 125 (70.2) 19 (73.1) 151 (69.6)
Drug-related abnormal laboratory changes 6 (46.2) 102 (57.3) 13 (50.0) 121 (55.8)
Discontinuation due to abnormal laboratory changes 0 1(0.6) 0 1(0.5)
Serious abnormal laboratory changes 0 0 1 (3.8) 1(0.5)
Drug-related serious abnormal laboratory changes 0 0 1(3.8) 1 (0.5)
Discontinuation due to serious abnormal laboratory changes® 0 0 0 0
Deaths 0 1(0.6) 0 1(0.5)

AE, adverse event; SAE, serious adverse event; MTX, methotrexate

“There were no serious abnormal laboratory changes that led to discontinuation.

nasopharyngitis (123/217 patients, 56.7%), stomatitis (53/217
patients, 24.4%), increased blood pressure (41/217 patients,
18.9%), upper respiratory tract inflammation (35/217 patients,
16.1%), and eczema (32/217 patients, 14.7%). The majority of AEs
were mild or moderate. Severe and very severe AEs occurred in
38/217 (17.5%) and in 3/217 (1.4%) treated patients, respectively;
AEs classified as very severe are discussed in further detail below
under SAEs. AEs (including SAEs) leading to discontinuation
occurred in 23/217 (10.6%) treated patients (Table 2). One (1/217;
0.5%) patient from the Phase II study died due to pancreatic carci-
noma (Table 2), which is discussed further below. No deaths were
reported in the other two cohorts.

Serious adverse events

For the 67/217 (30.9%) patients who reported SAEs (Table 2), all
SAEs resolved with appropriate treatment or follow-up except for
pancreatic carcinoma, pinealoma/hydrocephalus, thalamus hem-
orrhage, cerebral infarction, spinal compression fracture, endo-
metrial cancer, pneumonia, and diffuse large B-cell lymphoma
occurring in one patienteach. The pancreatic carcinoma, thalamus
hemorrhage, and acase of sepsis(one patient; 0.5%) were classified
as very severe. Sepsis and pancreatic carcinoma were classified
as related to study drug, and thalamus hemorrhage was classi-
fied as unrelated to study drug. All three of these events resulted
in discontinuation, and the SAE of pancreatic cancer, which
developed approximately 20 months following the initiation of
abatacept treatment, resulted in the one death during the study
period.

Overall, SAEs led to discontinuation in 19/217 (8.8%)
treated patients (Table 2). In addition to those events mentioned
above, patients discontinued due to one or more of the follow-
ing: cerebral infarction (2/217 patients; 0.9%), cardiac failure,
atrial fibrillation, mitral valve incompetence, inflammatory
bowel disease, osteomyelitis, subcutaneous abscess, pharyngeal
abscess, B-cell lymphoma, breast cancer, diffuse large B-cell
lymphoma, endometrial cancer, gastric cancer, pinealoma,
T-cell lymphoma, cervix carcinoma stage 0, cerebral hemor-
rhage, encephalitis, seventh cranial nerve paralysis, and intersti-
tial lung disease (one patient each; 0.5%). One case of cerebral
infarction and the SAFEs of sepsis, encephalitis, and pharyngeal

abscess all occurred in a single patient, resulting in that patient’s
discontinuation. Similarly, the SAEs of atrial fibrillation, car-
diac failure, and mitral valve incompetence occurred in a single
patient, resulting in that patient’s discontinuation. Interstitial
lung disease and the cranial nerve paralysis were classified as
unrelated to study drug, and the other events were classified as
related by the study investigators.

Laboratory changes

Of the 217 patients treated with abatacept, AEs of abnormal
laboratory changes occurred in 151 (69.6%) patients (Table 2).
Decreased lymphocyte count (<750/ul) was the most com-
mon abnormal laboratory change and was reported in 41/217
(18.9%) patients; 34/217 (15.7%) patients exhibited decreased
lymphocyte counts classified as related to study drug. Other
abnormal laboratory changes (see Supplementary Table 1 avail-
able online at: http//informahealthcare.com/doi/abs/10.3109/
14397595.2014.899179 for definitions) that occurred in at least
5% of treated patients were as follows: increased white blood
cell count (37/217; 17.1%), increased alanine aminotransferase
(33/217; 15.2%), increased aspartate aminotransferase (25/217,;
11.5%), white blood cells in urine (24/217; 11.1%), increased
gamma-glutamyltransferase (16/217; 7.4%), blood present in
urine (16/217; 7.4%), red blood cells in urine (16/217; 7.4%),
increased eosinophil count (13/217; 6.0%), increased blood
glucose (13/217; 6.0%), and glucose present in urine (13/217;
6.0%); none were classified as serious.

Only one patient (1/217; 0.5%) had an abnormal laboratory
change (increased CRP) that was classified as serious (Table 2).
This patient also had a high white blood cell count, leading study
investigators to suspect that these changes occurred due to infec-
tion; however, the causative pathogen could not be identified and
the patient was discharged when the symptoms resolved. One
patient from Phase II, who tested positive for hepatitis B surface
antigens, had an abnormal laboratory change that led to discon-
tinuation of study treatment (1/217; 0.5%). This event, which was
classified as “possibly” related to study drug, was non-serious. All
abnormal laboratory changes were classified as mild or moderate,
and no severe or very severe abnormal laboratory changes were
observed.
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Adverse events of interest
Infections and infestations

Infections and infestations were observed in 168/217 (77.4%)
patients (Table 2). The most common infections were nasophar-
yngitis (123/217; 56.7%), pharyngitis (28/217; 12.9%), and
gastroenteritis (22/217; 10.1%). Infections were classified as mild
or moderate, with the exception of cellulitis and pneumonia (two
patients each; 0.9%), bronchitis, subcutaneous abscess, acute
sinusitis, appendicitis, osteomyelitis, bacterial arthritis, and pha-
ryngeal abscess (one patient each, 0.5%), which were classified as
severe, and one incidence of sepsis (0.5%), which was classified
as very severe.

Serious infections were reported in 16/217 (7.4%) patients
(Table 2). All of these serious infections were classified as related
to study drug, and treatment was discontinued in two patients
with osteomyelitis and sepsis/pharyngeal. However, many of the
serious infections either resolved or were relieved with treatment.
Opportunistic infections were observed in 33/217 (15.2%) treated
patients; they included herpes zoster and oral herpes (ten patients
each; 4.6%) and herpes simplex (3/217; 1.4%). Incidences of other
opportunistic infections were less than 1.0%. No cases of tubercu-
losis were reported.

Neoplasms

Neoplasms—benign, malignant, and unspecified (including cysts
and polyps)—were reported in 24/217 (11.1%) patients (Table 2).
Of these, B-cell lymphoma, breast cancer, diffuse large B-cell lym-
phoma, endometrial cancer, gastric cancer, pancreatic carcinoma,
pinealoma, T-cell lymphoma, lung neoplasm, and cervix carci-
noma stage O (one patient each, 0.5%) were classified as malig-
nant. Serious neoplasms occurred in 11/217 (5.1%) patients and
included the above neoplasms that were classified as malignant
(excluding lung neoplasm), an unspecified neoplasm, and uterine
leiomyoma. Each of the neoplasms classified as both malignant
and serious was classified as related to study drug, and the treat-
ment with abatacept was discontinued.

Autoimmune events

Autoimmune AEs occurred in 8/217 (3.7%) patients (Table 2).
Autoimmune events included scleritis, uveitis, atrophic gastritis,
Sjogren’s syndrome, erythema nodosum, leukocytoclastic vascu-
litis, Basedow’s disease, and inflammatory bowel disease (IBD,
one patient each; 0.5%). Only one autoimmune event (IBD) led to
discontinuation; this event occurred in a new patient with MTX
intolerance, was classified as serious, and was classified as related
to study drug by the investigator.

Peri-infusional AEs

Peri-infusional AEs, defined as AEs that occurred after the start
of treatment on the day of abatacept administration or the fol-
lowing day, occurred in 103/217 (47.5%) patients (Table 2). All
events were classified as mild or moderate with the exception of
one T-cell lymphoma and one cervix carcinoma stage 0 that were
classified as severe.

Immunogenicity and pharmacodynamics
Immunogenicity

Immunogenicity was evaluated as auto-antibody productive
responses in 217 patients using ELISA. Anti-abatacept antibody
(23/217; 10.6%) or anti-CTLA-4-T antibody (20/217; 9.2%)
were detected from Weeks O to 192 in a total of 42/217 (19.4%)
patients. Patients with a positive anti-abatacept antibody response
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(23/217) were found in each of the three cohorts: Phase I, 2/13
(15.4%); Phase II, 19/178 (10.7%); and new patients with MTX
intolerance, 2/26 (7.7%). Patients with a positive anti-CTLA-4-T
antibody response (20/217; 9.2%) were detected in two of the three
cohorts: Phase I, 0; Phase II, 19/178 (10.7%); and newly enrolled
patients, 1/26 (3.8%). Among the patients from Phase IT with posi-
tive immunogenicity responses, 20 were already anti-abatacept
antibody (4/178; 2.2%) or anti-CTLA-4-T antibody (17/178;
9.6%) positive at baseline (Week 0) of this Phase III study. Of
these patients, 17/178 (9.6%) did not test positive again during the
Phase III study (post-baseline). Neutralizing activity was indicated
in five patients from Phase II who tested positive for anti-CTLA-4-T
antibody at baseline. However, no patients tested positive for neu-
tralizing activity of anti-CTLA-4-T antibody during this Phase III
study (post-baseline).

Pharmacodynamics

Pharmacodynamic parameters, including CRP and RF evalu-
ations, improved with abatacept treatment. Mean CRP levels at
baseline in Phase I, Phase II, and new patients with MTX intol-
erance were 1.84, 2.32, and 4.67 mg/dL, respectively (Table 1).
In patients from Phase I and Phase II, CRP levels decreased to
below the lower limit of the reference range (1 mg/dL) at Week
24, and remained so for over 3 years in the patients from Phase II.
Similarly, in new patients with MTX intolerance, mean (SD) CRP
level decreased to 0.9 (1.3) mg/dL at Week 48 (n = 18, baseline:
4.1 mg/dL) and remained consistently low for over 3 years. RF
positivity decreased over time in each cohort. The overall mean
RF value decreased from 255.0 TU/mL to 183.5 IU/mL at Week
24 (n=210). The mean (standard error, SE) change from base-
line was — 71.6 (13.7) IU/mL at Week 24, — 85.8 (17.4) IU/mL at
Week 48, — 89.2 (22.3) IU/mL at Week 96, — 68.2 (23.9) IU/mL
at Week 144, and — 176.2 (250.5) IU/mL at Week 192.

Clinical efficacy
ACR responses

Of the 217 patients treated with abatacept, 212 (97.7%) patients
completed the efficacy evaluation at 6 months (24 weeks), 201
(92.6%) patients at 1 year (Week 48), 190 (87.6%) patients at
2 years (Week 96), and 167 (77.0%) patients at 3 years (Week 144:
Figure 1). Only 11 (5.1%) patients had reached 4 years of treatment
(Week 192) at the time of analysis, due to differential enrollment
times. Therefore, it was considered possible to accurately evaluate
the maintenance of efficacy of long-term administration of abata-
cept for up to 3 years (rates at 4 years are also given despite the
very small sample size). Improvements in signs and symptoms of
RA, as measured by ACR responses, were seen in high propor-
tions of patients at Weeks 24 and 48, with ACR response rates
maintained for patients who remained on abatacept therapy (as
observed from baseline of the present study) for up to 3 years.
The as-observed proportion of patients (95% confidence interval
[CI]) from all cohorts achieving an ACR20 response at Weeks 24,
48, 96, 144, and 192 was 62.7% (55.8, 69.3), 65.7% (58.7, 72.2),
65.8% (58.6, 72.5), 70.1% (62.5, 76.9), and 81.8% (48.2, 97.7),
respectively. For ACR50, as-observed response rates at Weeks
24, 48, 96, 144, and 192 were 28.3% (22.3, 34.9), 40.3% (33.5,
47.4), 38.9% (32.0, 46.3), 47.3% (39.5, 55.2), and 72.7% (39.0,
94.0), respectively. The as-observed proportion of patients with
ACR70 response at Weeks 24, 48, 96, 144, and 192 was 11.8%
(7.8, 16.9), 16.4% (11.6, 22.3), 18.9% (13.6, 25.3), 20.4% (14.5,
27.3), and 18.2 (2.3, 51.8), respectively. In a post hoc analysis,
ACR responses were also evaluated using LOCF from baseline
of the present study (Table 3) and were similar to the as-observed
rates reported above.
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ACR response (as-observed) was also analyzed for patients
from the Phase II study based on baseline of Week 0 in the origi-
nal Phase II study. During the Phase II study, ACR20, ACR50,
and ACR70 response rates increased over time in the abatacept
10 mg/kg and abatacept 2 mg/kg groups [12]. By Week 24 of the
Phase 11 study, the as-observed proportion of patients (95% CI)
with ACR20, ACRS0, and ACR70 response were, respectively:
78.3% (65.8, 87.9), 46.7% (33.7, 60.0), and 21.7% (12.1, 34.2) in
the abatacept 10 mg/kg group (n = 60); 63.6% (50.9, 75.1), 37.9%
(26.2,50.7), and 16.7% (8.6, 27.9) in the abatacept 2 mg/kg group
(n=066);and 21.1% (11.4,33.9),5.3% (1.1, 14.6), and 0% (0.0, 6.3)
in the placebo group (n = 57) [12]. The median transition period
from the day of the final dose of the study drug in Phase Il (Week
20) to the day of the first dose of abatacept in the present Phase 111
study was approximately 12 weeks for all dose groups. Following
this transition and the switch to abatacept approximating 10 mg/
kg for all patients, the respective as-observed ACR20, ACR50, and
ACRT70 response rates (based on Phase II baseline) at Week 24 of
Phase HI for the original Phase II dose groups were 81.4% (69.1,
90.3), 55.9% (42.4, 68.8), and 33.9% (22.1, 47.4) in the abatacept
10 mg/kg group (n=59); 81.0% (69.1, 89.8), 50.8% (37.9, 63.6),
and 25.4% (15.3, 37.9) in the abatacept 2 mg/kg group (n = 63);
and 77.8% (64.4, 88.0), 50.0% (36.1, 63.9), and 29.6% (18.0, 43.6)
in the placebo group (n = 54), respectively. At 3 years (Week 144
of Phase III), the respective as-observed ACR20, ACRS50, and
ACR70 response rates (based on Phase II baseline) for the original
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Phase 1I dose groups were 80.9% (66.7, 90.9), 61.7% (46.4, 75.5),
and 40.4% (26.4, 55.7) in the abatacept 10 mg/kg group (n = 47);
87.2% (74.3, 95.2), 66.0% (50.7, 79.1), and 34.0% (20.9, 49.3)
in the abatacept 2 mg/kg group (n=47); and 91.7% (80.0, 97.7),
68.8% (53.7, 81.3), and 45.8% (31.4, 60.8) in the placebo group
(n = 48), respectively.

Disease activity, physical function, and quality of life

Mean DAS28 (CRP) at baseline in patients from Phase I, Phase
II, and in new patients with MTX intolerance was 4.4, 4.8, and
6.3, respectively. High proportions of patients achieved low dis-
ease activity (DAS28 [CRP] = 3.2) and remission (DAS28 [CRP]
< 2,6) outcomes at Weeks 24 and 48, and maintained these out-
comes over time (based on as-observed data): 52.4 and 34.3%,
respectively, at Week 24 (n=210); 60.8 and 42.2%, respectively,
at Week 48 (n=199); 59.8 and 43.9%, respectively, at Week 96
(n=189); 64.7 and 46.7%, respectively, at Week 144 (n= 167);
and 54.5 and 45.5%, respectively, at Week 192 (n = 11). Addition-
ally, DAS28 (CRP) analyzed using LOCF (Table 4) yielded rates
similar to the as-observed analysis reported above; low disease
activity and remission rates seen at Weeks 24 and 48 were sus-
tained over the Phase III treatment period (Table 4).

Baseline HAQ scores are shown in Table 1. The as-observed pro-
portion of patients (95% CI) achieving a HAQ response (defined as
reduction of HAQ of > 0.3 from baseline) overall was 40.6% (33.9,

Table 3. ACR20, ACR50, and ACR70 responses at Weeks 24, 48, 96, 144, and 192 (LOCF from Phase III

baseline).
ACR responses
Patients from Patients from New patients with Total (all
Phase I (IM101034), Phase 11 (IM101071), MTX intolerance, treated patients),
n=13 n=178 n=7206 N=217
Week 24
ACR20, n (%) 10 (76.9) 106 (59.6) 18 (69.2) 134 (61.8)
95% Cl for % (46.2,95.0) (52.0, 66.8) (48.2,85.7) (54.9, 68.2)
ACRS0, n (%) 4(30.8) 45 (25.3) 11(42.3) 60 (27.6)
95% CI for % 9.1,61.4) (19.1,32.3) (23.4,63.1) (21.8,34.1)
ACR70, n (%) 1(7.7) 19 (10.7) 5(19.2) 25(11.5)
95% CI for % (0.2, 36.0) (6.6, 16.2) (6.6,39.4) (7.6, 16.5)
Week 48
ACR20, n (%) 8 (61.5) 111 (62.4) 17 (65.4) 136 (62.7)
95% CI for % (31.6, 86.1) (54.8, 69.5) (44.3, 82.8) (55.9,69.1)
ACR50, n (%) 2(15.4) 66 (37.1) 14 (53.8) 82 (37.8)
95% CI for % (1.9,45.4) (30.0, 44.6) (33.4,73.4) (31.3,44.6)
ACRT70, n (%) 2 (15.4) 26 (14.6) 5(19.2) 33(15.2)
95% Cl for % (1.9,45.4) (9.8, 20.7) (6.6,39.4) (10.7,20.7)
Week 96
ACR20, n (%) 9(69.2) 108 (60.7) 16 (61.5) 133 (61.3)
95% CI for % (38.6, 90.9) (53.1,67.9) (40.6,79.8) (54.5,67.8)
ACRS30, n (%) 3(23.D) 61 (34.3) 12 (46.2) 76 (35.0)
95% CI for % (5.0,53.8) (27.3,41.7) (26.6, 66.6) (28.7,41.8)
ACR70, n (%) 1(7.7) 31(17.4) 4(15.4) 36 (16.6)
95% Cl for % (0.2, 36.0) (12.2,23.8) (4.4,34.9) (11.9,22.2)
Week 144
ACR20, n (%) 8 (61.5) 114 (64.0) 16 (61.5) 138 (63.6)
95% CI for % (31.6, 86.1) (56.5,71.1) (40.6, 79.8) (56.8, 70.0)
ACRS50, n (%) 4 (30.8) 74 (41.6) 12 (46.2) 90 (41.5)
95% CI for % 9.1, 61.4) (34.2,49.2) (26.6, 66.6) (34.8, 43.3)
ACRT70, n (%) 0(0.0) 35(19.7) 4(15.4) 39 (18.0)
95% CI for % (0.0,24.7) (14.1,26.3) (4.4,34.9) (13.1,23.7)
Week 192
ACR20, n (%) 9 (69.2) 111 (62.4) 17 (65.4) 137 (63.1)
95% CI for % (38.6, 90.9) (54.8, 69.5) (44.3, 82.8) (56.3, 69.6)
ACR350, n (%) 5(38.5) 78 (43.8) 13 (50.0) 96 (44.2)
95% Cl for % (13.9, 68.4) (36.4,51.4) (29.9,70.1) (37.5,51.1)
ACR70, n (%) 0(0.0) 40 (22.5) 6 (23.1) 46 (21.2)
95% ClI for % (0.0,24.7) (16.6, 29.3) (9.0, 43.6) (16.0,27.2)

ACR, American College of Rheumatology; CI, confidence interval; LOCEF, last observation carried forward;
MTX, methotrexate
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Table 4. DAS28 (CRP) LDAS and remission at Weeks 24, 48, 96, 144, and 192 (LOCF from Phase III baseline).

LDAS and remission®

Patients from Patients from New patients with ~ Total (all
Phase I (IM101034),  Phase I (IM101071), MTX intolerance, treated patients),
n=13 n=178 n=26 N=217
Week 24
LDAS, n (%) 9 (69.2) 95 (53.4) 6(23.1) 110 (50.7)
Remission, n (%) 6 (46.2) 60 (33.7) 6(23.1) 72 (33.2)
Week 48
LDAS, n (%) 9(69.2) 108 (60.7) 8(30.8) 125 (57.6)
Remission, n (%) 4 (30.8) 78 (43.8) 5(19.2) 87 (40.1)
Week 96°
LDAS, n (%) 6 (46.2) 106 (59.9) 7(26.9) 119 (55.1)
Remission, n (%) 3(23.1) 79 (44.6) 5(19.2) 87 (40.3)
Week 144
LDAS, n (%) 6(46.2) 113 (63.5) 9 (34.6) 128 (59.0)
Remission, n (%) 4 (30.8) 83 (46.6) 4 (15.4) 91 (41.9)
Week 192
LDAS, n (%) 7 (53.8) 111 (62.4) 10 (38.5) 128 (59.0)
Remission, n (%) 4 (30.8) 86 (48.3) 7 (26.9) 97 (44.7)

DAS28 (CRP), 28-joint Disease Activity Score (C-reactive protein); LDAS, low disease activity state; LOCF, last

observation carried forward; MTX, methotrexate.

L. DAS was defined as a DAS28 (CRP) of = 3.2, and remission was defined as DAS28 (CRP) of <2.6.
bAt Week 96, 177 patients from Phase I were evaluated (Total = 216).

47.5) at Week 24 (n = 212),43.8% (36.8, 50.9) at Week 48 (n = 201),
50.0% (42.7, 57.3) at Week 96 (n=190), 50.3% (42.5, 58.1) at
Week 144 (n = 167), and 90.9% (58.7, 99.8) at Week 192 (n=11).
As with the as-observed data reported above, initial improvement
and subsequent maintenance of response over time also occurred
when HAQ response was evaluated using LOCF (Table 5).

All cohorts showed an improvement from baseline in physical
component summary and mental component summary scores of
the SF-36 over 3 years. The mean (SE) change from baseline in
physical component summary score for all cohorts combined was
8.4 (0.8) at Week 24, 10.2 (0.9) at Week 48, 10.7 (0.9) at Week 96,
8.6 (1.0) at Week 144, and 13.8 (6.3) at Week 192. The mean (SE)
change from baseline in mental component summary score for all
cohorts was 3.2 (0.6) at Week 24, 3.6 (0.6) at Week 48, 3.0 (0.7)
at Week 96, 3.2 (0.7) at Week 144, and 11.5 (5.2) at Week 192.
Improvement from baseline was also achieved in the eight SF-36
subscales (not shown).

Discussion

Although the majority of patients with RA begin long-term treat-
ment with MTX, some patients do not respond adequately to MTX
alone or are not candidates for MTX, and therefore require addi-
tional therapeutic options. Previous studies have demonstrated the
long-term efficacy and favorable safety of IV abatacept in patients
with an inadequate response to MTX [9,10]. In this long-term
study in Japanese patients with RA and an inadequate response to
MTX or other conventional or biologic DMARDs, IV abatacept
monotherapy and IV abatacept with background MTX demon-
strated acceptable safety and sustained efficacy over 3 years of
treatment.

This Phase III, open-label, long-term study of IV abatacept
included patients with RA from the Japanese Phase I clinical trial
[13], patients with active RA and an inadequate response to MTX
from the Japanese Phase II clinical trial [12], and newly enrolled
patients with RA and MTX intolerance. Although all patients had

Table 5. Patients who presented HAQ response at Weeks 24, 48, 96, 144, and 192 (LOCF from Phase II

baseline).
HAQ response?
Patients from Patients from New patients with ~ Total (all
Phase I (IM101034), Phase II (IM101071), MTX Intolerance, treated patients),
n=13 n=178 n=126 N=217
Week 24
n (%) 5(38.5) 70 (39.3) 12 (46.2) 87 (40.1)
95% CI for % (13.9,68.4) (32.1,46.9) (26.6, 66.6) (33.5,46.9)
Week 48
n (%) 4(30.8) 73 (41.0) 15 (57.7) 92 (42.5)
95% CI for % 9.1,61.4) (33.7,48.6) (36.9, 76.6) (35.7,49.3)
Week 96
n (%) 6 (46.2) 81 (45.5) 15 (57.7) 102 (47.0)
95% Cl for % (19.2,74.9) (38.0,53.1) (36.9, 76.6) (40.2, 53.9)
Week 144
n (%) 7(53.8) 82 (46.1) 13 (50.0) 102 (47.0)
95% CI for % (25.1, 80.8) (38.6,53.7) (29.9,70.1) (40.2, 53.9)
Week 192
n (%) 8 (61.5) 80 (44.9) 14 (53.8) 102 (47.0)
95% CI for % (31.6,86.1) (37.5,52.6) (33.4,73.4) (40.2,53.9)

CI, confidence interval; HAQ, Health Assessment Questionnaire; LOCEF, last observation carried forward; MTX,

methotrexate

#HAQ response was defined as at least a 0.3-point decrease in HAQ score.
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been treated previously with MTX, approximately one-third of
patients also had prior biologic DMARD use. At enrollment, the
majority of patients from the Phase 1 and Phase II studies were
receiving concomitant MTX, and the newly enrolled patients
received abatacept monotherapy. All patients were treated with IV
abatacept for a mean of 3 years, and 58.1% patients were main-
tained on IV abatacept for more than 3 years.

The variety, frequency, and severity of the AEs in patients
treated with abatacept as monotherapy or concomitantly with
DMARDs were not significantly different from those reported in
long-term international clinical trials of abatacept (NCT00162266
[19]; NCT00048568 [9]; and NCTO0048581 [20]) and the Japa-
nese Phase I1 clinical trial (NCT00345748 [12]). Most of the AEs
observed, including abnormal laboratory changes, were mild or
moderate, and most SAEs resolved or were relieved by treatment.
Among the three patient cohorts, newly enrolled patients had
the highest rates of SAEs and discontinuation due to SAEs. As
expected, these patients also had higher baseline disease activity.

In addition to assessment of AEs, the immunogenicity results
from the present study fall within the range of results seen in the
previous Japanese trials [12,13]. During the Phase I study, 7/21
(33%) patients were positive for anti-CTLA-4-T antibodies [13],
while positive immunogenicity responses were not detected in any
patient during the Phase II study [12]. In the present study, the
majority of patients with a positive immunogenicity response were
from the Phase II study. Of these Phase 1l patients, approximately
half had positive responses that were transient and occurred only
at baseline.

Improvements from baseline in CRF and RF levels were dem-
onstrated in all cohorts. Reductions in CRP have been shown to be
correlated with clinical response in previous studies of abatacept
[21,22]. The CRP reduction in the present study is also consistent
with the Phase I Japanese trial that demonstrated mean decreases
in CRP levels [13]. In a Phase II study of IV abatacept (~10 mg/
kg) in patients with very early RA (NCT00124449), reductions in
RF levels from baseline were seen at 6 months and 1 year, and,
similar to CRP, changes in RF levels were correlated with clinical
response to abatacept [23].

As this study was an uncontrolled, open-label study, and the
evaluation of efficacy was a secondary objective, no tests based
on a formal statistical hypothesis were conducted, and the efficacy
was based on as-observed analyses for up to 3 years following
baseline (Week 0) of this Phase III study. The majority of the 217
evaluated patients had previously received abatacept either as part
of the Phase I study (2, 8, and 16 mg/kg abatacept) or as part of the
Phase I trial (2 or 10 mg/kg abatacept or placebo plus MTX), and
as such had lower mean clinical disease severity at baseline than
the newly enrolled patients. Improvements in clinical efficacy were
seen in patients from Phase I and Phase Il following initiation of
abatacept at Week 0, likely due to the transition period between
studies, and the fact that not all patients had been receiving abata-
cept at therapeutic doses. Patients who were newly enrolled on
abatacept as monotherapy experienced improvements in signs
and symptoms of RA, as evaluated by ACR response, following
initiation of therapy. Following the initial clinical response, ACR
response rates were maintained over 3 years in all three patient
cohorts.

For patients from Phase II, ACR response rates declined in
both abatacept-treated groups (2 and 10 mg/kg) during the period
between the last efficacy analysis of the Phase II study and the
start of Phase III (data not shown). However, the ACR response
rates increased in all treatment groups after the start of abatacept
administration in Phase III. Based on baseline of Week 0 in the
original Phase II study, ACR responses at Week 24 of this Phase
III study for each of the original Phase II dose groups were similar
to those observed for the abatacept 10 mg/kg group at Week 24 of
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the Phase 11 study [12]. Furthermore, based on a baseline of Week
0 in the original Phase II study, these response rates were sustained
for up to 3 years in the present study for patients who remained on
treatment.

DAS28 (CRP) and HAQ outcomes (based on as-observed
data) were also maintained over the 3-year period in all patient
cohorts, which included patients receiving IV abatacept as
monotherapy and when administered with concomitant
DMARDs, demonstrating sustained benefits in disease activity
and physical function for patients who remained on treatment.
Since as-observed analyses are vulnerable to the discontinuation
of patients, a post hoc analysis using the more stringent LOCF
method was performed for the above clinical efficacy measures.
Using LOCF, rates of ACR response, DAS28 (CRP)-defined
LDAS and remission, and HAQ response were sustained over
3 years, confirming the results from the as-observed analyses.
Finally, SF-36 physical component summary and mental com-
ponent summary scores (as-observed) also showed improvement
from baseline in all cohorts, and generally continued at the same
improved levels over the same time frame.

Interpretation of results should take into consideration the
limitations of the study. This study, being an open-label extension,
creates a number of challenges for data analysis and interpreta-
tion. These challenges, which include bias in patient inclusion
and outcomes, have been previously outlined by Buch et al. [24].
Furthermore, the three cohorts utilized in this study had different
baseline disease states with varying prior and current concomitant
medication usage, and the results from the pooled patient popula-
tion should be interpreted with caution. In addition, the sample
size of this study was small; for this reason, the findings of this
study alone should be extrapolated to the broader community with
appropriate caution.

In conclusion, no new safety signals were identified in this Jong-
term study of IV abatacept in Japanese patients with RA compared
with previous international trials, based on the assessment of AEs
and immunogenicity. IV abatacept as monotherapy and in combi-
nation with MTX was confirmed to be well tolerated, and improve-
ments in clinical and functional efficacy were maintained for up to
3 years with continued treatment.

Acknowledgments

Professional medical writing and editorial assistance was provided by Jus-
tine Lau, PhD, and Sarah Funderburk, PhD, at Caudex Medical, and was
funded by Bristol-Myers K.K.

All authors participated in the development of this manuscript and
were either study investigators (T.T., TM., Y.U,, E.S,, S.O,, S.H,, TA,,
N.M.,) or study director (A.Y.) of study NCT00484289.

The authors acknowledge the Japan Abatacept Study Group at the fol-
lowing hospitals and clinics for their contribution to the study:

Hokkaido University Hospital; Sapporo City General Hospital; Tonan
Hospital; Goshogawara Municipal Seihoku-Chuoh Hospital; Tohoku Uni-
versity Hospital; Taihaku Sakura Hospital; Dainohara Orthopedic Clinic;
National Hospital Organization Utsunomiya National Hospital; Jichi
Medical University Hospital; Tsukuba University Hospital; Taga General
Hospital; Saitama Medical School Hospital; Saitama Medical Center;
Kitasato Institute Medical Center Hospital; Chiba University Hospital;
National Hospital Organization Chiba-East Hospital; Tokyo Women’s
Medical University Medical Center East; Institute of Rheumatism Tokyo
‘Women’s Medical University; Nippon Medical School University Hospi-
tal; Tokyo Medical and Dental University Hospital Faculty of Medicine;
Matsuta Internal Clinic; National Sagamihara Hospital; Saiseikai Takaoka
Hospital; Fukui General Hospital; Fukui Onsen Hospital; Fukui General
Clinic; Nagano Red Cross Hospital; Seirei Hamamatsu General Hospi-
tal; Nagoya University Hospital; National Hospital Organization Nagoya
Medical Center; National Hospital Organization Osaka Minami Medical
Center; Matsubara Mayflower Hospital; Kanzaki Municipal General Hos-
pital; National Hospital Organization Minami-Okayama Medical Center;
Higashi-Hiroshima Memorial Hospital; University of Occupational and
Environmental Health Hospital; National Hospital Organization Kyushu



DOIT 10.3109/14397595.2014.899179

Med Center; PS Clinic; and National Hospital Organization Ureshino
Medical Center.

Conflict of interest

TT has received grants from Abbott Japan Co., Ltd., Astellas Pharma Inc.,
Bristol-Myers K.K., Chugai Pharmaceutical Co., Ltd., Daiichi Sankyo Co.,
Ltd., Eisai Co., Ltd., Mitsubishi Tanabe Pharma Corporation, Pfizer Japan
Inc., Sanofi K.K., Santen Pharmaceutical Co., Ltd., Takeda Pharmaceuti-
cal Co., Ltd., Teijin Pharma Limited, AbbVie GK, Asahi Kasei Pharma
Corporation, and Taisho Toyama Pharmaceutical Co., Ltd.; lecture fees
from Abbott Japan Co., Ltd., Bristol-Myers K.K., Chugai Pharmaceuti-
cal Co., Ltd., Eisai Co., Ltd., Janssen Pharmaceutical K.K., Mitsubishi
Tanabe Pharma Corporation, Pfizer Japan Inc., Takeda Pharmaceutical
Co., Ltd., Astellas Pharma Inc., and Daiichi Sankyo Co., Ltd.; consulting
fees from AstraZeneca K.K., Eli Lilly Japan K.K., Novartis Pharma K.K.,
Mitsubishi Tanabe Pharma Corporation, Asahi Kasei Pharma Corpora-
tion, AbbVie GK, and Daiichi Sankyo Co., Ltd.

SO has received speaker honoraria from AbbVie GK, Astellas Pharma
Inc., Bristol-Myers K.K., Chugai Pharmaceutical Co., Ltd., Eisai Co.,
Ltd., Janssen Pharmaceutical K.K., Mitsubishi Tanabe Pharma Corpora-
tion, Pfizer Japan Inc., and Takeda Pharmaceutical Co., Ltd.

AY is an employee of Bristol-Myers K.X.

NM has received research grants, consultant fees, and/or speaker hono-
raria from Abbott Japan Co., Ltd., Astellas Pharma Inc., Chugai Pharma-
ceutical Co., Ltd., Eisai Co., Ltd., Mitsubishi Tanabe Pharma Corporation,
Pfizer Japan Inc., and Takeda Pharmaceutical Co., Ltd.

TM, YU, ES, SH, and TA have nothing to disclose.

References

1. Saeki Y, Matsui T, Saisho K, Tohma S. Current treatments of
rheumatoid arthritis: from the ‘NinJa’ registry. Expert Rev Clin
Immunol. 2012;8(5):455-65.

2. Salliot C, van der Heijde D. Long-term safety of methotrexate
monotherapy in patients with rheumatoid arthritis: a systematic
literature research. Ann Rheum Dis. 2009;68(7):1100-4.

3. Visser K, van der Heijde D. Optimal dosage and route of administration
of methotrexate in rheumatoid arthritis: a systematic review of the
literature. Ann Rheum Dis. 2009;68(7):1094-9.

4. Wells AF, Westhovens R, Reed DM, Fanti L, Becker JC, Covucci A,
Keystone EC. Abatacept plus methotrexate provides incremental
clinical benefits versus methotrexate alone in methotrexate-naive
patients with early rheumatoid arthritis who achieve radiographic
nonprogression. J Rheumatol. 2011;38(11):2362--8.

5. Weaver AL, Lautzenheiser RL, Schiff MH, Gibofsky A, Perruquet JL,
Luetkemeyer J, et al. Real-world effectiveness of select biologic and
DMARD monotherapy and combination therapy in the treatment of
rheumatoid arthritis: results from the RADIUS observational registry.
Curr Med Res Opin. 2006;22(1):185-98.

6. Bulpitt KJ. Biologic therapies in rheumatoid arthritis. Curr Rheumatol
Rep. 1999;1(2):157-63.

7. Moreland LW, Alten R, Van den Bosch F, Appelboom T, Leon M,
Emery P, et al. Costimulatory blockade in patients with rheumatoid
arthritis: a pilot, dose-finding, double-blind, placebo-controlled
clinical trial evaluating CTLA-4Ig and LEA29Y eighty-five days after
the first infusion. Arthritis Rheum. 2002;46(6):1470-9.

8. Bathon J, Robles M, Ximenes AC, Nayiager S, Wollenhaupt J,
Durez P, et al. Sustained disease remission and inhibition of
radiographic progression in methotrexate-naive patients with rheu-
matoid arthritis and poor prognostic factors treated with abatacept:
2-year outcomes. Ann Rheum Dis. 2011;70(11):1949-56.

9. Kremer JM, Russell AS, Emery P, Abud-Mendoza C, Szechinski J,
Westhovens R, et al. Long-term safety, efficacy and inhibition of
radiographic progression with abatacept treatment in patients with

Supplementary material available online

Supplementary Tables 1 and 2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

21.

22.

23.

24.

Study of the safety of abatacept in Japanese patients 753
rheumatoid arthritis and an inadequate response to methotrexate:
3-year results from the AIM trial. Ann Rheum Dis. 2011;70(10):
1826-30.

Schiff M, Keiserman M, Codding C, Songcharoen S, Berman A,
Nayiager S, et al. Efficacy and safety of abatacept or infliximab vs
placebo in ATTEST: a phase III, multi-centre, randomised, double-
blind, placebo-controlled study in patients with rheumatoid arthritis
and an inadequate response to methotrexate. Ann Rheum Dis.
2008;67(8):1096-103.

Genovese MC, Schiff M, Luggen M, Becker JC, Aranda R, Teng J,
et al. Efficacy and safety of the selective co-stimulation modulator
abatacept following 2 years of treatment in patients with rheumatoid
arthritis and an inadequate response to anti-tumour necrosis factor
therapy. Ann Rheum Dis. 2008;67(4):547-54.

Takeuchi T, Matsubara T, Nitobe T, Suematsu E, Ohta S, Honjo S,
et al. Phase II dose-response study of abatacept in Japanese patients
with active rheumatoid arthritis with an inadequate response to
methotrexate. Mod Rheumatol. 2013;23(2):226-35.

Matsubara T, Yamana S, Tohma S, Takeuchi T, Kondo H, Kohsaka H,
et al. Tolerability and efficacy of abatacept in Japanese patients with
rheumatoid arthritis: a phase I study. Mod Rheumatol. 2012; Epub
ahead of print: doi: 10.1007/s10165-012-0722-x.

MaY, Lin BR, Lin B, Hou S, Qian WZ, Li J, et al. Pharmacokinetics
of CTLA4Ig fusion protein in healthy volunteers and patients with
rheumatoid arthritis. Acta Pharmacol Sin. 2009;30(3):364-71.

Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF,
Cooper NS, et al. The American Rheumatism Association 1987
revised criteria for the classification of rheumatoid arthritis. Arthritis
Rheum. 1988;31(3):315-24.

Hochberg MC, Chang RW, Dwosh I, Lindsey S, Pincus T, Wolfe F.
The American College of Rheumatology 1991 revised criteria for
the classification of global functional status in rheumatoid arthritis.
Arthritis Rheum. 1992;35(5):498-502.

Felson DT, Anderson JJ, Boers M, Bombardier C, Furst D,
Goldsmith C, et al. American College of Rheumatology. Preliminary
definition of improvement in rheumatoid arthritis. Arthritis Rheum.
1995;38(6):727-35.

Fries JF, Spitz P, Kraines RG, Holman HR. Measurement of patient
outcome in arthritis. Arthritis Rheum. 1980;23(2):137-45.
Westhovens R, Kremer JM, Moreland LW, Emery P, Russell AS,
LiT, et al. Safety and efficacy of the selective costimulation modulator
abatacept in patients with rheumatoid arthritis receiving background
methotrexate: a S-year extended phase IIB study. J Rheumatol.
2009;36(4):736-42.

. Genovese MC, Schiff M, Luggen M, Le Bars M, Aranda R,

Elegbe A, Dougados M. Longterm safety and efficacy of abatacept
through 5 years of treatment in patients with rheumatoid arthritis
and an inadequate response to tumor necrosis factor inhibitor therapy.
J Rheumatol. 2012;39(8):1546-54.

Buch MH, Boyle DL, Rosengren S, Saleem B, Reece RIJ,
Rhodes LA, et al. Mode of action of abatacept in rheumatoid arthritis
patients having failed tumour necrosis factor blockade: a histological,
gene expression and dynamic magnetic resonance imaging pilot study.
Ann Rheum Dis. 2009;68(7):1220-7.

Weisman MH, Durez P, Hallegua D, Aranda R, Becker JC, Nuamah I,
et al. Reduction of inflammatory biomarker response by abatacept in
treatment of rheumatoid arthritis. ] Rheumatol. 2006;33(11):2162-6.
Emery P, Durez P, Dougados M, Legerton CW, Becker JC, Vratsanos
G, et al. Impact of T-cell costimulation modulation in patients with
undifferentiated inflammatory arthritis or very early rheumatoid
arthritis: a clinical and imaging study of abatacept (the ADJUST trial).
Ann Rheum Dis. 2010;69(3):510-6.

Buch MH, Aletaha D, Emery P, Smolen J. Reporting of long-term
extension studies: lack of consistency calls for consensus. Ann Rheum
Dis. 2011;70(6):886-90.



Downloaded from hittp://ard.bmj.com/ on March 9, 2015 - Published by group.bmj.com

Baseline levels of soluble interleukin-6
receptor predict clinical remission in patients
with rheumatoid arthritis treated with
tocilizumab: implications for molecular
targeted therapy

Interleukin-6 (IL-6) is a monomeric protein that binds to either
soluble or membrane-bound IL-6 receptors (IL-6R)! 2
Tocilizumab, a humanised anti-IL-6R  monoclonal antibody,
binds to soluble IL-6R (sIL-6R) and membrane-bound IL-6R,
blocking signal transduction pathways through competitive

Differences in baseline characteristics between siL-6R-low and sIL-6-high patients

Baseline siL-6R

Characteristics All (n=43) siL-6R-low (n=19) siL-6R-high (n=24) p Value
Age, years 60 (52-67) 57 (45-66) 61 (53-70) 0.33
Gender, female, n (%) 38 (88) 17 (89) 21 (88) 1.00
Disease duration, years .5 (2.2-7.9) 5.2 (3.7-7.9) 3(1.8-8.0) 0.47
Concomitant methotrexate, n (%) 4(33) 5 (26) 9 (38) 0.52
Methotrexate dose, mg/week 8 (7.1-10) 8 (6-9) 8 (7.75-10) 0.36
Glucocorticoid use, n (%) 4 (33) 5 (26) 9 (38) 0.52
DAS28-ESR 5.1 (4.2-5.9) 4.77 (3.94-6.05) 5.16 (4.46-5.78) 0.51
SDAI 19.78 (14.85-27.99) 19.78 (12.45-27.99) 19.79 (15.32-28.13) 0.59
CDAI 18.3 (13.8-25.2) 18.3 (11.8~26.7) 18.1 (14.2-25.0) 0.73
TIC, 28 joints 5 (3-6) 4 (2-6) 5 {3~7.75) 0.32
SJC, 28 joints 5 (3-8) 5(3-9) 5(3-7.5) 0.61
Patient global VAS, mm 45 (23-65) 39 (15-70) 46 (35-64) 0.35
Physician global VAS, mm 41 (26-59) 39 (32-55) 45 (25-60) 0.62
CRP, mg/dL 0.49 (0.13-2.80) 0.45 (0.17-2.21) 0.57 {0.13-3.20) 0.41
ESR, mm/h 46 (19-65) 46 (18-59) 46 (19-69) 0.85
HAQ-DI 1 (0.500-1.250) 1 (0.375-1.500) 1 {0.500~1.125) 0.96
RF value, IU/mL 68 (27-121) 71 (28-106) 65 (17-150) 0.95
Anti-CCP antibody value, 1U/mL 141 (17->300) 94 (19->300) 238 (16->300) 0.49
MMP-3 value, ng/mL 104 (60-219) 68 (51.5-260) 113 (60-218) 0.77
IL-6, pg/mL 4.70 (1.51-8.54) 1.82 (1.15~13.2) 5.99 (2.88-8.35) 0.28

Data are shown as median {(IQR) or number of patients (%). Statistical differences between median values were analysed by Wilcoxon rank-sum test. Differences in percentage values

were analysed by Fisher's exact test.

CCP, cyclic citrullinated peptide; CDAI, clinical disease activity index; CRP, C-reactive protein; DAS28, disease activity score with 28 joint counts; ESR, erythrocyte sedimentation rate;
HAQ-DI, health assessment questionnaire—disability index; IL, interleukin; MMP-3 matrix metalloproteinase 3; RF, rheumatoid factor; SDAI, simplified disease activity index; sIL-6R,
soluble interleukin-6 receptor; SIC, swollen joint count; TIC, tender joint count; VAS, visual analogue scale.
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showing a cut-off sIL-6R level of 72.6 ng/mL discriminated between
remission and non-remission at week 24, with a sensitivity of 67% and
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inhibition of IL-6 binding.> We have previously demonstrated
that baseline plasma tumour necrosis factor (TNF) levels are
associated with the clinical response to infliximab, anti-TNF
monoclonal antibody binding to soluble and membrane-bound
TNE* Therefore, it is tempting to speculate that baseline serum
levels of sIL-6R, rather than those of IL-6, are associated with
clinical response to tocilizumab in patients with rheumatoid
arthritis (RA). To test this hypothesis, we analysed serum levels
of IL-6 and sIL-6R before tocilizumab treatment in our institu-
tion and evaluated their association with clinical remission.
Consecutive patients with RA in our institution who com-
menced 8 mg/kg tocilizumab treatment every 4 weeks as the first
biologic agent between March 2010 and April 2012 were

included. At baseline, serum levels of IL-6 and sIL-6R were
measured by electrochemiluminescence assay with the
Ultra-Sensitive Kit (Meso Scale Discovery, Maryland, USA). In
this assay, immunoglobulin inhibiting reagent (Bioreclamation,
New York, USA) was used to block heterophilic antibody
interference.’

The baseline clinical characteristics of the 43 enrolled patients
are shown in table 1. Median Simplified Disease Activity Index
(SDAI) decreased from 19.78 at baseline to 4.71 at week 24,
resulting in SDAI remission in 18 (42%) patients. Median (IQR)
IL-6 and sIL-6R at baseline were 4.70 (1.51-8.54) pg/mL and
84.2 (62.2-98.0) ng/mL, respectively. Baseline levels of sIL-6R
were not associated with other parameters (data not shown).
Univariate logistic regression analysis revealed that the baseline
sIL-6R level was an only significant predictor of SDAI remission
at week 24 (p=0.045; figure 1A). Multivariate analysis con-
firmed us that sIL-6R was solely a significant predictor (data not
shown). A cut-off sIL-6R level of 72.6 ng/mL discriminated
between SDAI remission and non-remission with a sensitivity of
67% and a specificity of 72% (figure 1B), Clinical Disease
Activity Index (CDAI) remission with 65% and 69%, and
disease activity score with 28 joint counts, erythrocyte sedimen-
tation rate (DAS28-ESR) remission with 59% and 81%, respect-
ively. The numbers of patients with baseline sIL-6R values of
<72.6 ng/mL (sIL-6R-low) and >72.6 ng/mL (sIL-6R-high) were
19 and 24, respectively. We could not find significant differences
in baseline characteristics between the two groups (table 1).

SDAI category changes in sIL-6R-low and sIL-6R-high
patients are shown in figure 1C. A significantly higher propor-
tion of patients in sIL-6R-low group achieved SDAI remission
compared with those in sIL-6R-high (63% and 25%, respect-
ively; p=0.02 by Fisher’s exact test). CDAI and DAS28-ESR cat-
egory changes are also shown (figure 1D,E). Although the
difference in the remission rate of CDAI was marginal between
groups (58% in the sIL-6R-low group and 25% in the
sIL-6R-high group, respectively; p=0.06), that of DAS28-ESR at
week 24 was again significant (84% vs 46%, respectively;
p=0.01). Response rate, as assessed by American College of
Rheumatology (ACR) and FEuropean League Against
Rheumatism (EULAR) criteria, was numerically better in
sIL-6R-low group, although not statistically significant (data not
shown).

Baseline levels of sIL-6R predicted clinical remission in RA
patients treated with tocilizumab without showing associations
with disease activity as shown in previous reports.® 7 Our results
suggest that the amount of target molecule could be considered
as one of the predictors when using molecular targeted therapy.
This finding could be of help for establishing treatment strat-
egies with tocilizumab, achieving higher remission rate as early
as possible along with the treat-to-target recommendation.
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