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rheumatoid arthritis in clinical practice -AIRTIGHT study-



ABSTRACT

Objective: We investigated the influence of abatacept (ABT) on bone mineral density

(BMD) and bone metabolic markers (BMMs) in patients with rheumatoid arthritis (RA)

compared to other biologic disease-modifying anti-rheumatic drugs (- DMARDS).

Methods: This prospective, comparative, non-randomized study (the AIRTIGHT study;

UMINO000005570) investigated the effects of ABT and other bDMARDs on bone

metabolism. A total of 165 RA patients were divided into ABT (n=50) and Non-ABT

(n=115). We evaluated percentage changes in BMD (%ABMD) at the lumbar spine and

femoral neck using dual-energy X-ray absorptiometry. Urinary levels of cross-linked

N-telopeptide of type I collagen (UNTX) and bone-specific alkaline phosphatase (BAP)

were used as markers of bone resorption and formation, respectively.

Results: No significant differences in 1-year completion rates were seen between ABT

(64%) and Non-ABT (72%; p=0.387). The %ABMD at the femoral neck was

significantly higher in the ABT group (0.97%) than in the Non-ABT group (-2.19%);

p=0.026). Whereas, no significant difference in %ABMD at the lumbar spine was

observed between groups (ABT, -0.40%; Non-ABT, -1.67%; p=0.524). No significant

differences were observed in changes to uNTx or BAP. ABT treatment was

significantly associated with increased BMD at the femoral neck (odds ratio (OR), 8.84;



95%ClI, 1.08-72.4; p=0.04), and baseline lumbar osteoarthritis was significantly
associated with BMD at the lumbar spine (OR, 2.97; 95%ClI, 1.23-7.13; p=0.02).

Conclusion: The efficacy of ABT for increasing BMD at the femoral neck was superior
to that of other bDMARDs. ABT may offer good efficacy for improving BMD at the

femoral neck in patients with RA.



INTRODUCTION

Patients with rheumatoid arthritis (RA) are known to be at higher risk for disorders of

bone metabolism, and bone mineral density (BMD) is frequently lower in patients with

RA than in healthy individuals [1]. Osteoporosis is frequently observed in patients with

RA and represents an important risk for fragile fracture, increasing the risk of hip and

vertebral fractures by about two- to six-fold in patients with RA compared to controls

[2-4]. In patients with RA, bone metabolism is affected by some unexpected factors. In

addition to primary osteoporosis with increasing age, patients with RA encounter three

major conditions that contribute to osteoporosis. First, inflammation results in

peri-articular osteoporosis around inflamed joints [5]. Second, oral glucocorticoids are

known to lead to generalized osteoporosis [6,7], but are frequently used in the treatment

of RA to suppress inflammation. Finally, inactivity resulting from joint destruction and

disability frequently induces systemic osteoporosis.

Important influences on bone metabolism in patients with RA have been

reported to include disease activity [8], history of osteoporosis treatment [9], and

prednisolone (PSL) use [10]. We have previously clarified that decreasing PSL dose has

an important effect in improving bone metabolic markers (BMMs) in patients with RA

[10]. Whether biological disease-modifying anti-rheumatic drugs (bDMARDS) improve



bone metabolism in patients with RA remains controversial [11-14]. Use of bDMARDs

is reportedly effective for improving BMMs. However, the effects of tumor necrosis

factor (TNF) inhibitors on BMD are not prominent. TNF inhibitors maintained BMD at

the lumbar spine and hip for 6 months, but was unable to increase BMD significantly

compared to baseline [14]. We also reported that the effect of TNF inhibitors on BMD

in patients with RA was limited and reducing the dosage of glucocorticoids was

effective for preserving bone metabolism [9].

Abatacept (ABT), a fusion protein of cytotoxic T lymphocyte-associated antigen-4

(CTLA-4) and immunoglobulin G1, selectively modulates the CD80/CD86:CD28

costimulatory signal required for full T-cell activation [15]. ABT is an effective

treatment for patients with RA, according to both clinical trials [16-18] and practice [19].

The efficacy of ABT for improving disease activity and preventing joint destruction was

similar to that of TNF inhibitor in the AMPLE study [18]. CTLA-4 has recently been

reported to inhibit osteoclast differentiation by inducing the enzyme indoleamine

2,3-dioxygenase (IDO)/tryptophan pathway [20]. In a mouse model, CTLA-4 promoted

Wnt-10b production and bone formation [21]. ABT may be effective for not only

suppressing bone resorption, but also improving bone formation.

The degree to which ABT affects bone metabolism in patients with RA has yet to be



clarified. No prospective comparative studies have directly investigated the effects of

each bDMARD on bone metabolism. The present prospective, comparative study

investigated the influence of ABT and other bDMARDs on BMD and BMM s in patients

with RA in order to clarify the effects of ABT on bone metabolism.

MATERIALS AND METHODS

Patients

Eligible patients were > 20 years old, fulfilled the ACR1987 classification criteria [22]

or 2010 ACR/EULAR classification criteria [23], had been treated for at least 3 months,

and required treatment with bDMARDs, including switching. Patients who were

pregnant, breastfeeding, had an active infection, or had a significant concomitant

disease were excluded. The protocol of this study was approved by the institutional

review board of Osaka City University Medical School (ethics approval number: 2027)

and conducted in accordance with the ethical standards outlined in the Declaration of

Helsinki. All patients provided written informed consent prior to participation.

Study design

We initiated a prospective, comparative non-randomized study (AIRTIGHT: Can

abatacept induce immunological Remission under Tight control in rheumatoid arthritis



patient?) to investigate the effects of ABT and other bDMARDs on bone metabolism.

Consecutive RA patients scheduled to receive bDMARDs were recruited for this study

until the number of ABT groups reached 50 (See statistical analysis section). The

treatment decision was made by each physician independently and without

randomizing.

This study was registered with the UMIN Clinical Trials Registry

[http://www.umin.ac.jp/ctr/] (UMINO00005570) and conducted at three hospitals in

Japan between May 2011 and May 2014. One of the primary endpoints was the change

in BMD at 48 weeks. Secondary endpoints were variations in BMMs and disease

activity score in 28 joints using erythrocyte sedimentation rate (DAS28-ESR) [24].

ABT was administered intravenously every 4 weeks for a total of 48 weeks. Other

bDMARDs were also administered in accordance with the respective drug package

inserts. Patients were divided into ABT and Non-ABT groups without randomization,

then BMD and BMMs were evaluated over the course of 48 weeks.

Assessment

This study was an investigator-initiated trial and the treating physicians and patients

were not blinded to the prescribed medications, but clinical parameters and outcomes

were assessed during the treatment period by trained evaluators blinded to the treatment



assignment and clinical response of each patient. BMDs at the femoral neck and lumbar

spine (L2-4, anteroposterior view) was evaluated by dual-energy X-ray absorptiometry

(DXA) using a QDR 4500 system (Hologic, Waltham, MA) at baseline and at 48 weeks.

The percentage change in BMD (%ABMD) was calculated to compare the ABT and

Non-ABT groups. As BMMs, urinary levels of cross-linked N-telopeptide of type |

collagen (UNTXx) and bone-specific alkaline phosphatase (BAP) were used as markers of

bone resorption and bone formation, respectively, at baseline and 48 weeks. Disease

activity was evaluated using the DAS28-ESR [24] at baseline and every 4 weeks for a

total 48 weeks.

Statistical analysis

A sample of 165 patients (50 patients in ABT group, 115 patients in Non-ABT group)

was calculated as necessary to provide at least 80% power for detecting a significant (p

< 0.05) difference in mean change of BMD and BMM at 1 year between groups. We

asked all patients who would receive bDMARDS to participate in this study until the

number of ABT groups reaches 50. All data are presented as mean + standard deviation

(SD) or median (interquartile range), as indicated. The significance of differences in

baseline characteristics between groups was tested using the unpaired t-test,

Mann-Whitney U test and Fisher’s exact probability test. The %ABMD at the femoral



neck and lumbar spine were compared using the unpaired t-test and changes in UNTX

and BAP were compared using the Mann-Whitney U test between ABT and Non-ABT

groups. The significance of changes in DAS28-ESR scores at each time point was tested

using the paired t-test. Mean DAS28-ESR scores in both groups were compared using

the unpaired t-test. Multivariate logistic regression analysis was performed to

investigate factors potentially associated with increased BMD at the femoral neck and

lumbar spine. We calculated odds ratios (ORs) and 95% confidence intervals (CI) with

adjustment by several confounders including age. Increases in BMD at the femoral neck

and lumbar spine were defined as an increase in BMD above the least significant change

(LSC) [25]. Since coefficients of variation of BMD values at the femoral neck and

lumbar spine at our facility were 0.4% and 2.1%, LSC was calculated as 1.1% and 5.8%.

Values of p < 0.05 were considered significant. All statistical analyses were performed

using IBM SPSS Statistics version 22 (IBM, Armonk, NY).

RESULTS

Patient characteristics

A total of 169 patients with RA were screened initially and 165 eligible patients were

finally enrolled in the AIRTIGHT study. Patients were divided into two groups: 50



patients who received ABT (ABT group), and 115 who received other bDMARDSs

(Non-ABT group). The Non-ABT group received infliximab (IFX) (n = 15), etanercept

(ETN) (n = 22), adalimumab (ADA) (n = 38), tocilizumab (TCZ) (n = 26), or

golimumab (GLM) (n = 14). As shown in Fig. 1, 36% and 26.9% of patients in the ABT

and Non-ABT groups discontinued treatment before completing the 48-week regimen,

respectively. No significant differences in reasons for discontinuation were seen

between groups. The percentage continuing treatment was 64.0% in the ABT group and

73.1% in the Non-ABT group, showing no significant difference (p = 0.387). Among

those patients, DXA data were collected and analyzed for 30 patients from the ABT

group and 78 patients from the Non-ABT group.

Patient demographics and clinical characteristics at baseline are summarized in Table 1.

Rate of previous usage of biologics was significantly higher in the ABT group (50.0%)

than in the Non-ABT group (27.8%; p=0.008). On the other hand, the rate of

methotrexate (MTX) usage was significantly lower in the ABT group (72.0%) than in

the Non-ABT group (86.1%; p=0.047). In all patients, median disease duration was 7

years and mean DAS28-ESR was 5.25. All patients showed established RA with high

disease activity. No significant differences in usage rate and dosage of prednisolone,

osteoporosis treatment rate, bisphosphonate usage rate, BMD at the lumbar spine and
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femoral neck, or BMMs at baseline were identified between groups. The details of

osteoporosis treatment were 13 cases by bisphosphonate and 5 cases by active vitamin

D in ABT group, and 41 cases by bisphosphonate, 4 cases by active vitamin D, 3 cases

by selective estrogen receptor modulators, and 2 cases by teriparatide in Non-ABT

group.

BMD

The %ABMD is shown in Fig. 2. The %ABMD at the femoral neck was significantly

higher in the ABT group (0.97 + 8.63%) than in the Non-ABT group (-2.19 + 5.49%;

p=0.026) (Fig. 2A). On the other hand, no significant difference in the %ABMD at the

lumbar spine was observed between groups (ABT, -0.40 + 4.31%; Non-ABT, -1.67 £

5.07%; p=0.524) (Fig. 2B).

Multivariate logistic regression analysis (Table 2) revealed that the most significant

influence on increased BMD at the femoral neck was ABT use (OR, 8.84; 95%Cl,

1.08-72.4; p=0.04). Baseline osteoporosis treatment, decreased PSL, and change in

DAS28-ESR were not identified as factors influencing increased BMD. For increased

BMD at the lumbar spine, baseline lumbar osteoarthritis on radiography was identified

as an influencing factor (OR, 2.97; 95%Cl, 1.23-7.13; p=0.02).

Among patients without lumbar osteoarthritis, a significant correlation was evident

11



between %ABMD at the lumbar spine and femoral neck (r = 0.452, p=0.001), whereas

patients with lumbar osteoarthritis showed no such correlation (r=0.083, p=0.612).

BMMs

Changes in BMMs are shown in Fig. 3. The AuNTx was negative in both the ABT

group (-3.55 [-21.23, 3.83] nmol BCE/mmol Cr) and the Non-ABT group (-0.11 [-15.21,

10.75] nmol BCE/mmol Cr). No significant difference was evident between groups

(p=0.370) (Fig. 3A). With ABAP as a bone formation marker, no significant differences

were observed between groups (ABT, -0.15 [-20.65, 3.35] pg/L; Non-ABT, 1.52

[-14.92, 10.21] pg/L; p=0.276) (Fig. 3B).

Disease activity

Details of disease activity are shown in Fig. 4. From 12 weeks, DAS28-ESR

was significantly improved compared with baseline in both groups. DAS28-ESR was

significantly higher in the ABT group than in the Non-ABT group from week 12 of the

observational period. At 48 weeks, DAS28-ESR of the ABT group still had not reached

that of the Non-ABT group (ABT, 4.13 £ 1.31; Non-ABT, 3.46 = 1.07; p = 0.008).

DISCUSSION

This study is the first to indicate that ABT is effective for %ABMD at the femoral neck

12



compared to Non-ABT. BMD at the lumbar spine tended to decrease less from baseline

in ABT than in Non-ABT, but the result was not significant. ABT decreased NTx and

increased BAP from baseline. The effects on BMMs were not significantly better in the

ABT group than in the Non-ABT group.

In this study, ABT increased BMD at the femoral neck and maintained the lumbar spine,

and offered comparable efficacy to other bDMARDSs. The efficacy of ABT for bone

metabolism in older patients (70 years old or older) showed the same tendency as the

whole. However, there was no significant difference in the %ABMD at the femoral neck

between groups (ABT: 0.8 £ 5.6, Non-ABT: -2.0 + 5.5, P = 0.209). We supposed that

we could not show a significant difference in older patients as the number of elderly

patients was small (ABT: 9 cases, Non-ABT: 23 cases).

We have previously reported the effects of TNF inhibitors on BMD in patients with RA

as limited [9]. Conversely, some researchers have reported that anti-IL-6R

(interleukin-6 receptor) increased BMD at the lumbar spine and femoral neck in patients

with RA who showed osteopenia at baseline [13]. The mechanisms by which ABT

increased BMD at the femoral neck remain unclear. CTLA-4 immunoglobulin has been

reported to promote Wnt-10b production and bone formation [21]. The fact that we

could not detect any significant effects of ABT on BMMs may be partially attributable

13



to the small sample size.

The treatment of ABT was found to significantly influence the increase in BMD at the

femoral neck on multivariate logistic regression analysis. Two main reasons for this

result are apparent. First, patients were treated using not only ABT, but also agents used

for treating osteoporosis, including bisphosphonate. ABT might manifest synergistic

effects in use with anti-osteoporosis agents. Second, osteoporosis treatments in some

patients were newly started because their BMD was measured according to the protocol

of this prospective study. On the other hand, lumbar osteoarthritis was the only factor

associated with increased BMD at the lumbar spine. BMD at the lumbar spine is highly

influenced by osteoarthritis, occult vertebral fracture and degenerative changes,

particularly in elderly patients [26]. In our study, patients with lumbar osteoarthritis

showed no correlation between %ABMD at the lumbar spine and femoral neck. Change

in PSL dosage and osteoporosis treatment were not found to be significant factors

influencing changes in BMD at either the femoral neck or lumbar spine in the present

study. This might be due to the relatively small changes in PSL dosage and low

percentage of patients receiving osteoporosis treatment from baseline to 48 weeks.

Patients treated with ABT showed comparable efficacy for BMD to those treated with

Non-ABT. However, disease activity scores decreased less with ABT than with

14



Non-ABT and did not catch up to those in the Non-ABT group during the 48 weeks. At
baseline, the rate of previous usage of biologics was significantly higher in the ABT
group (50.0%), while the MTX usage rate was significantly lower in the ABT group
(72.0%) than in the Non-ABT group. Patients treated with ABT had a more
disadvantageous background than patients treated with Non-ABT. A discrepancy was
seen between effects on bone metabolism and disease activity in patients treated with
ABT.

Some limitations must be considered when interpreting the findings of this study. First,
eligible patients were not divided randomly and our data included some degree of
selection bias. To reveal the effects of ABT on BMD more clearly, a prospective
randomized control study is needed. Second, the sample size was too small to compare
the effects of each bDMARD on BMD. Third, this study was performed under real
clinical conditions and the discontinuation rate was high in both groups. Discontinued
patients who switched bDMARDSs and experienced adverse events need to be included
to clarify the efficacy of bDMARDSs in improving BMD.

The present findings can be interpreted as indicating that ABT might offer better
efficacy for increase BMD at the femoral neck than Non-ABT. Patients with RA have a

higher risk of fragile fracture compared with healthy subjects [2-4] and osteoporosis is

15



the one of the most important complications [27]. If ABT can improve bone metabolism
in addition to controlling disease activity and suppressing radiographic progression, the
risk of fragile fracture due to osteoporosis may gradually decrease under ABT
treatment.

In conclusions, the efficacy of ABT in improving bone metabolism in patients with RA
was comparable to that of other bDMARDS in this prospective, comparative study.
Treatment of ABT was a significant influence on increased BMD at the femoral neck.
ABT may offer good efficacy for improving bone mineral density at the femoral neck in

patients with RA.
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Table 1: Patient demographics and clinical characteristics at baseline

Parameter ABT (n = 50) Non-ABT (n =115) p

Age, years 61.3+13.2 60.9 + 13.2 0.876
Disease duration, years 8.5[3.0, 19.0] 6.0 [1.8, 15.0] 0.214
Female, % 86.0 83.5 0.818
Previous use of biologics, % 50.0 27.8 0.008
CRP, mg/dl 1.8+25 20+£25 0.733
DAS28-ESR 5.38+1.41 517+1.31 0.356
Use of MTX, % 72.0 86.1 0.047
MTX dosage, mg/week* 89+26 99+31 0.076
Use of PSL, % 42.0 51.3 0.311
PSL dosage, mg/day* 38+18 44+29 0.377
Anti CCP antibody positive, %  81.6 87.2 0.342
Rheumatoid factor positive, % 69.3 78.2 0.239
mHAQ 0.81+0.66 0.77 £ 0.65 0.852
mTSS 36.5[15.4, 109] 37.5[13.6, 123] 0.864
Lumbar spine BMD, g/cm? 0.871+0.143 0.900 +0.161 0.386
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Femoral neck BMD, g/cm? 0.594 + 0.114

UNTX, nmolBCE/mmolCr 51.3[27.8, 85.0]
BAP, ug/L 17.8 [12.4, 22.8]
On osteoporosis treatment, % 36.0
Use of bisphosphonate, % 26.0

0.617 +0.126

40.5 [30.3, 60.2]

15.7 [11.6, 22.7]

43.4

35.7

0.375

0.161

0.478

0.387

0.280

Mean + standard deviation (SD) or median [25th, 75th percentile],

ABT, abatacept; CRP, C-reactive protein; DAS, disease activity score; ESR, erythrocyte

sedimentation rate; MTX, methotrexate; PSL, prednisolone; CCP, cyclic citrullinated

peptide; mHAQ, modified health assessment questionnaire; mTSS, modified total Sharp

score; BMD, bone mineral density; uNTX, urinary cross-linked N-telopeptide of type |

collagen; BAP, bone-specific alkaline phosphate; * Calculated only for the relevant

patients.
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Table 2: Logistic multiple regression analysis of increases in BMD at the femoral neck and lumbar spine

Femoral neck Lumbar spine
OR'? 95%Cl p OR'? 95%Cl p
ABT use (0, no; 1, yes) 8.84 1.08-72.4 0.04 0.99 0.36-2.75 0.98
Steinbrocker class 0.54 0.15-1.89 0.33 1.23 0.63-2.41 0.53
Baseline mHAQ 1.86 0.41-8.52 0.42 0.91 0.41-1.99 0.81
OP treatment (0, no; 1, yes) 0.39 0.04-3.86 0.42 0.82 0.34-1.99 0.65
Change of PSL 0.80 0.43-1.49 0.47 0.86 0.66-1.12 0.27
Change of DAS28-ESR 1.37 0.63-2.97 0.43 1.02 0.64-1.64 0.94
Lumbar OA (0, no; 1, yes) 3.50 0.59-20.6 0.17 2.97 1.23-7.13 0.02

1 ORs were adjusted by age.
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BMD, bone mineral density; OR, odds ratio; Cl, confidence interval; ABT, abatacept; mHAQ, modified health assessment

questionnaire; OP, osteoporosis; PSL, prednisolone; DAS, disease activity score; ESR, erythrocyte sedimentation rate; OA,

osteoarthritis
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FIGURE LEGENDS

Figure. 1 Patient disposition and reasons for discontinuation.
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169 subjects had explanation of this study

| 4 Subjects didn’t agree this
- study
A4
165 started biologic agents
\ 4 \ 4
50 abatacept 115 other bDMARDSs
18 discontinued (ABT group) (Non-ABT group) 22 discontinued
(36.0%) (26.9%)
[reas_ons] [reasons]
9 switch ”| 13 switch
3 adverse event 7 adverse event
4 personal will 6 personal will
2 lost 4 lost
, , 1 remission
32 completed 83 completed 1 dead
52 weeks treatment 52 weeks treatment
(64.0%) (73.1%)
2 excluded 5 excluded
[reasons] ?| [reasons]
2 refusal of exam 3 metal implant
v \ 2 refusal of exam
30 analyzed 78 analyzed

Bone mineral density Bone mineral density




Figure. 2 Mean (xstandard deviation [SD]) percentage change in bone mineral density (%ABMD) at the femoral neck (A) and lumbar

spine (B). Results for abatacept (ABT) and Non-ABT were compared using the unpaired t-test.
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Figure. 3 Median [25th, 75th percentile] change in urinary cross-linked N-telopeptide of type | collagen (AuNTx) as a bone resorption

marker (A) and bone-specific alkaline phosphatase (ABAP) as a bone formation marker (B). Results for abatacept (ABT) and Non-ABT

were calculated using the Mann-Whitney U test.
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Figure. 4 Mean (£ standard deviation [SD]) change in DAS28-ESR from baseline.

*p < 0.05 change from baseline for both abatacept (ABT) and Non-ABT by paired t-test.

+p < 0.05 compared with ABT by unpaired t-test.
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