— 818 —

Downloaded from ard.bmj.com on February 28, 2013 - Published by group.bmj.com

Downtoaded from ard.braj.com on February 28, 2013 - Published by group.bmj.com

A 8¢ /r;‘:,.g"—-.*..,.::‘ 100 4 =
& a2y M
P - T 3
g 2 g £g
8 an 5 B E =9
g L4 o /49 T a0 ~ =% S
> O Y Py EXS
s A & ?é &
2 [~ s — - & s = 8
N P g a0 S a3 2 2
8 : e ; : L B LEFiEgE §2 83 w1 2
o 4 8 2 16 20 23 S e=H82d 22 2% S =
cowLoes 22 3 2 =
e e 20 A § ggoeg-= == § g = g‘
- ®
5 e o & s
3 <05 20882155 215 E g
g . ) s o 3
E ol /?(::_ e edd) ety =45 é‘ H
By s
§ x Serum golimumab concentrations {ig/mL) at week 24 s ’é =
5 204 - - 2 + H
2 &MW‘:%?:—%‘( B o [Tacmse P acano : : ?
4 R L £ & z
e 4 B 2 16 2 24 3 P : i 3 = = _ = = = = _| E
o Figure 3 Prop of patients g at least 20%, 50% and 70% S Tapfs% 33 & £ fEgge FE| T,
Ie a5 improvement in the American College of Rheumatology (ACR20, ACRSU s s22e=s 32 e Z g§a88 23] SE
= ACR70) response criteria by serum g S zsgnegres oe g3 Bpeor~gz ==
£ 4 {g/mi) at week 24. The results are from a post hoc analysis of ACR £E
£ responders in the combined Group 2 {golimumab 50 mg + MTX) and - §
% @ Group 3 (golimumab 100 mg -+ MTX). MTX, methotrexate. a5 LR
& 40 RS £
2 8- -
2 N ) . . . . x 2E€ o
[ P e gy mhxbmon‘ of raflzographxc progression was greater in patients - % £ 8 ?f»’g
g = kT treated with golimumab + MTX (Croup 2 and Group 3} than in 5 2o F | 3
. & - B
odo ﬁ—Am-%ZWN those given placebo + MTX (Croup 1). ' : ssf £353:2% 23| &
o 4 P I 16 20 24 Significantly greater proportions of patients in combined E 23 g = =< z
Veoks Groups 2 and 3 (64.7 %, p=0.0217) and Group 8 (70.1%, p=0.0066) ; g = ]
did not have an increase in the total vdH-S score (ie, change from ] s Ié £
) . : = ]
T T Y. baseline to week 24 <0) compazed with Group 1. The proportions 3 Sis H
- Placebo s MTX 100 ng gotizsienah + MTX ( of patients with a change in the total vdH-S score from baseline : 4 g £F g g g 2 E g = . z
50 my galmumab « MIK (1520} —a~ (60 my golimumab + MTK (=87) to week 24 greater than the SDC (3.23) were also significantly = cgsxs 28 @535 =4 Sg] &
- 50 mg golimumab » MTX in=86) lower in combined Groups 2 and 3 (11.0%, p=0.0216) and Group & Tg®T =F i38e~ ~o| 23
3 (5.7%, p=0.0028) compared with Group 1 (table 2). £
Figure 2 {A) American College of Rheumatology 20% (ACR20), .- n . .- . k-
(B) 50% (ACR50) and (C} 70% (ACR70) i ¢ from baseli : pharmar" and ant[buq;es to golimumab ] z
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from golimumab 50 mg to 100 mg are shawn with an open triangle and
closed circle, respectively. For the 28 patients in the placebo + MTX
group and the nine patients in the golimumab 50 mg + MTX group who
met the early escape criteria, week 20 and 24 data were imputed using
last observation carried forward methodology, as were other missing
data. As such, 88 patients in the placebo + MTX group and 86 patients
in the golimumab 50 mg + MTX group were included in these data
displays. MTX, methotrexate.

Radiographic progression

The primary readers exhibited good agreement with regard to
vdH-S scores, with ICCs of 0.98 for baseline scores, 0.98 for
week 24 scores and 0.80 for the change from baseline to week
24 in vdH-S scores.

Significantly less radiographic progression from baseline to
week 24 was observed in patients who received golimumab +
MTX (median changes in total vdH-S score of 0.00 (p=0.0009)
for combined Groups 2 and 3, 0.00 (p=0.0208) for Group 2 and
0.00 (p=0.0006) for Group 3) versus placebo + MTX (median
change 0.25). Treatment group differences in the total vdH-§
score were largely attributable to significantly less change in the
exosion score with golimumab + MTX therapy. As shown in
the cumulative probability plot shown in figure 1 in the online
supplement, changes in vdH-S scores were smaller and thus
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week 14. Median serum golimumab concentrations at weeks 12
and 16 were 0.72 and 0.73 pg/ml, respectively, for Group 2 and
1.28 and 1.16 pg/ml, respectively, for Group 3. These steady state
concentrations were maintained at week 24, In Group 2, serum
golimumab concentrations in patients who met the EE criteria
were approximately 45-82% of those in Group 2 patients who
did not meet the EE criteria {data not shown).

In an analysis of week 24 ACR response by week 24 goli-
mumab concentration quartiles, the lowest response rates
oceurred in patients with serum golimumab concentrations
<0.55 pg/ml, followed by concentrations 20.55-<0.98 pg/ml
(figure 3), No patient developed antibodies to golimumab.

Adverse events
AFs reported at week 16 (fixed treatment regimen study period)
and week 24 are summarised in table 3. By week 16, 72.7%
(64/88), 75.6% (65/86) and 78.2% (68/87) of patients in Groups
1,2 and 3, respectively, had AEs. Infections were the most com-
mon AEs in Group 1 (35/88, 39.8%), Group 2 (33/86, 38.4%)
and Group 3 (29/87, 33.3%) through week 16 and were also the
most common AEs at week 24 (table 3).

Serious AEs were relatively uncommon through week 16, occur-
ring in one patient (1.1%) in Group 1 (intervertebral disc protru-
siony), one patient (1.2%) in Group 2 (ileus) and two patients (2.3%)
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Table 3 Summary of safety through weeks 16 and 24 in all randomised patients who received at least one injection of study agent

Week 16
Patients with injection site reactions

Number of patients

Patients with AEs
Patients with SAEs
Mumber of patients
Palients with:

Week 24
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in Group 3 (herpes zostex/tendon rupture and aortic dissection).
Two additional patients had serious Afs between weeks 16-24,
including bone neoplasm {thoracic vertebra tumour (haemangoen-
dothelioma) with ‘borderline’ or Jow malignancy potential) in
Group 2 and humeral fracture/cruciate ligament injury in Group 3,
yielding a total of five (2.5%) patients treated with golimumab +
MTX with serious AEs through week 24. No deaths or malignan-
cles were reported,

In addition, by week 16, one (1.1%), three (3.5%) and six (6.9%)
patients in Groups 1, 2 and 3, respectively, discontinued the study
agent because of an AE. By week 24, 11 (5.5%) of the 201 patients
treated with golimumab + MTX had discontinued golimumab due
to AEs; these included infection (n=2), skin disorders (n=2), liver
function abnormality {(n=2), injury (n=2), bone neoplasm (n=1),
aortic dissection (n=1), gastrointestinal disorder {n=1) and elevated
blood pressure (n=1 in combination with skin disorder).

As noted, infection was the most common system organ class
of AEs, occurring in 35 (39.8%), 33 (38.4%) and 29 (33.3%)
patients in Groups 1, 2 and 3, respectively, up to week 16. By
week 24, 74 (36.8%) patients treated with golimumab + MTX
had an infection, most commonly rhinopharyngitis (19.4%
39/201), gastroenteritis (3.5%, 7/201) and pharyngitis (3.0%,
6/201). No patient developed tuberculosis.

Injection site reactions were reported in six (6.8%), seven
(8.1%) and nine (10.3%) patients in Groups 1, 2 and 3, respec-
tively, up to week 16. By week 24, 10.4% (21/201) of all patients
treated with golimumab + MTX had an injection site reaction,
Erythema at the injection site was the most common of these
AEs. All injection site reactions were considered mild and none
required cessation of the study agent. No cases of anaphylactic
reaction or serum sickness-like reactions were observed.

DISCUSSION
This study evaluated the efficacy of golimumab 50 mg and 100
mg administered subcutaneously every 4 weeks in combination
with MTX (6-8 mg/week) versus MT¥ (6-8 mg/week) mono-
therapy in Japanese patients with active RA despite MTX ther-
apy. A significantly higher proportion of patients randomised
to golimumab 50 mg or 100 mg + MTX (combined Groups
2 and B) achieved an ACR20 response at week 14 than those
receiving MTX monotherapy (73.4% versus 27.3%; p<0.0001).
Significantly higher ACR20 response rates were also observed
for the individual golimumab dose groups. While the primary
endpoint at week 14 did not coincide with trough golimumab
concentrations, ACR20 response rates at the time of trough
concentrations (week 16) were comparable to those observed
at week 14 (ie, 71.7% and 29.5%, respectively, in combined
Groups 2 and 3 and Group 1, respectively; data not shown).

These primary endpoint results were consistent with the
results of the GO-FORWARD study, a large phase 3 multi-
centre trial of golimumab encompassing a similar design (pri-
mary endpoint at week 14 and treatment change due to EE from
week 16 onwards) and a comparable population of patients
with RA (approximately 15% of whom were Asian; data on
file, Centocor Research & Development) with an inadequate
response to MTX.# Consistency between our findings and those
of the GO-FORWARD study was also observed for improve-
ments in HAQ-DI at week 245

Significantly less radiographic progression was observed at
week 24 with golimumab + MTX than with placebo + MTX, and
findings of a post hoc ANOVA analysis of vdH-S scores based
on the van der Waerden normal scores were consistent (data not
shown). In the GO-FORWARD study, however, minimal radio-
graphic progression was observed in all treatment groups during
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the same time period, yielding no sigoificant differences between
golimumab + MTX and placebo + MTX? 1 Minimal radio-
graphic progression was probably related to minimal baseline
active inflammation (median CRF 0.8-1.0 mg/dl). ¢ In a separate
study of golimumab, MTX-naive patients with RA had higher
baseline CRP levels (median 1.3-1.4 mg/dl), greater radiographic
progression than in the GO-FORWARD study despite less base-
line radiographic damage and significantly less radiographic pro-
gression at week 28 with golimumab + MTX versus placebo +
MTX.5 16 Thus, CRP is likely to be a more important predictor
of radiographic progression than the baseline radiographic score
since radiographic progression is less likely if there is no active
inflammation, regardless of the amount of baseline radiographic
damage.'d The CRP concentration has also been shown to predict
ACR20 response.'” In this context, the participants in the cur-
rent study had an intermediate amount of active inflammation
at baseline {(median CRP 0.9-1.3 mg/dl) and also demonstrated
significantly less radiographic progression at week 24 with goli-
mumab + MTX compared with placebo + MTX. In evaluating
the radiographic data, it is important to note that the statistically
significant differences between the groups are driven by a subset
of patients who progress more rapidly than the overall popula-
tion, and it is in those patients that the treatment effect becomes
clinically relevant.

Of note, the MTX dose used in this trial, while consistent with
that approved in Japan at the time the tral was planned, was
suboptimal (6-8 mg/week) in the context of customary doses
elsewhere’® and as used in the GO-FORWARD study (15-25
mg/week).! Evaluation of the efficacy and safety of MTX doses
>8 mg/week in Japanese patients with RA has yielded a favour-
able benefit/risk profile!? and approved dosing is now extended
to up to 16 mg/week. It would therefore be prudent to reassess
the responses to golimumab as approved MTX doses in Japan are
harmonised with those approved in North America and Europe
for RA. These suboptimal MTX doses may explain the higher
ACR20 response rates observed in the current golimumab trial
(~70%) compared with previously conducted trials of golimumab
in RA (~60%) in which more robust ongoing MTX treatment
regimens (10~15 mg/week) could have resulted in less room for
improvement from baseline.¥ It is noteworthy that, when assess-
ing response according to the more stringent ACR50 and ACR70
response criteria, the background MTX dose does not appear to
affect the clinical response.?? Similar reasoning may be applied to
explain the highly significant difference in radiographic progres-
sion observed between placebo + MTX and golimumab + MTX
despite only an intermediary level of baseline inflammation com-
pared with previously conducted trials of golimumab.*3 16 Finally,
more patients met the EE criteria in the golimumab 50 mg + MTX
group (Croup 2) than in the golimumab 100 mg + MTX group
(Group 8), indicating the potential for a dose response.,

In interpreting the efficacy findings of this study, it is impor-
tant to bear in mind that patients could enter this study based on
measures of disease activity generally considered to be subjec-
tive in nature (ie, tender and swollen joint counts and morning
stiffness) or reported from each trial site (ESR) without confir-
mation by centrally determined parameters such as CRP or ero-
sions. This could have resulted in study enrolment of patients
with relatively inactive disease.

Golimumab was generally well tolerated with no unexpected
safety issues observed in Japanese patients with RA. By week 24,
approximately 10% of all patients treated with golimumab + MTX
had an injection site reaction. A variety of dermatological adverse
effects, including injection site reactions and dermatitis, have been
reported for TNF antagonists such as adalimumab, etanercept and
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infliximab,? as well as for anakinra, a recombinant human form
of interleukin-1 receptor antagonist.?’ These dermatological com-
plications typically are well-tolerated, respond to antihistamines
and do not necessitate treatment discontinuation.

The incidences of serious AEs, serious infections and malig-
nancies during the fixed treatment regimen period were low and
similar with placebo + MTX (1.1%, 0.0% and 0.0%, respec-
tively) and combined golimumab + MTX (1.7%, 0.6% and 0.0%,
respectively). These findings indicate a safety profile similar to
placebo + MTX (2.3%, 0.8% and 0.0%, respectively) and goli-
mumab + MTX (7.3%, 3.9% and 1.1%, respectively) at week 16
in the GO-FORWARD study.® However, these safety findings
must be interpreted with caution given the relatively small aum-
ber of patients evaluated, the lack of power to detect treatment
group differences in individual safety events and the relatively
short follow-up period. No patients died and no cases of tuber-
culosis were documented during the 24-week study period.

Taken together, the efficacy and safety findings presented here
indicate that golimumab 50 mg + MTX and golimurmab 100 mg +
MTX were at least as safe and effective in thege Japanese patients
with active RA despite MTX therapy as they were observed to
be when administered to patients with RA who also had an inad-
equate tesponse to MTX in the GO-FORWARD study.”
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Abstract

Objective We investigated the efficacy of a high-dose
intermittent dosing treatment method (weekly mizoribine
pulse therapy) conceived in the hope of achieving better
efficacy by increasing the peak blood levels of mizoribine
in patients with refractory lupus nephritis.

Methods Seventeen patients with lupus nephritis who had
been resistant to corticosteroid and immunosuppressant
therapy received weekly mizoribine pulse therapy. Miz-
oribine (350 mg) was administered three times at 12 h
intervals over 2 consecutive days (700 mg for day 1 and
350 mg for day 2), followed by a washout period from day
3 to day 7.

Results  This therapeutic strategy enabled the peak blood
levels of mizoribine to be increased to more than 3 pg/mL
in most of the patients. Although SLEDAI, anti-ds-DNA
antibody titer, CH-50, and serum albumin level did not
significantly improve, urinary protein levels decreased, and
it was possible to taper the dose of concomitant steroids.
Using our definition of clinical response, 10 of the 17
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patients were responders and 4 of them were nonrespond-
ers. The average peak serum mizoribine concentration of
the responders was as high as 3.5 pg/mL. Elevation of
serum liver enzymes was seen in | patient, and hyperuri-
cemia occurred in 4 cases, but none of these adverse events
were serious.

Conclusion  Intermittent administration of mizoribine can
increase blood levels and may be effective for refractory
Tupus nephritis.

Keywords Lupus nephritis - Mizoribine

Introduction

Despite recent improvements in therapeutic outcomes for
lupus nephritis, a form of nephropathy associated with
systemic lupus erythematosus (SLE), the prognosis
remains unsatisfactory. Lupus nephritis is primarily treated
with corticosteroids, but treatment with corticosteroids
alone is often insufficient [1]. In some cases, corticoste-
roids cannot be used at sufficient doses because of adverse
reactions (such as diabetes mellitus, osteoporosis, and
avascular necrosis of the femoral head). Therefore, a
variety of immunosuppressants are used [2—4], but there
have been problems with adverse reactions such as sup-
pression of gonadal function, hemorrhagic cystitis, and
renal impairment.

Mizoribine is an immunosuppressant [5] that inhibits
inosine monophosphate dehydrogenase (IMPDH) in the
same manner as mycophenolate mofetil (MMF) {6, 7]. In
Japan, mizoribine has been approved for renal transplant
rejection reactions and lupus nephritis, rheumatoid arthritis
and nephrotic syndrome. However, in the clinical setting,
mizoribine is often ineffective at the approved dose rate
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(50 mg three times a day) for lupus nephritis and rheu-
matoid arthritis.

Recently, mizoribine doses have been increased in the
hope of achieving higher efficacy, and doses of 6 mg/kg or
more per day have sometimes been used in transplant
patients [8]. It is therefore possible that dosage and
administration have not been adequately studied in the area
of collagen vascular diseases.

Here, we investigated the efficacy of a high-dose inter-
mittent dosing treatment method (weekly mizoribine pulse
therapy) conceived in the hope of achieving better efficacy
by increasing the peak blood levels (Cp.y) of mizoribine in
patients with refractory lupus nephritis, with reference to
the use of methotrexate (MTX) in the treatment of rheu-
matoid arthritis.

Materials and methods
Patients

Seventeen patients with refractory lupus nephritis who met
the revised classification criteria for SLE (1997) during
their whole disease courses were enrolled in this study. All
subjects had been resistant to conventional treatment with
corticosteroids with or without immunosuppressants at the
Department of Rheumatology and Clinical Immunology.
Saitama Medical Center, Saitama Medical University, over
a 7-year period from May 2003 to April 2009. Patients had
been treated for at least 6 consecutive weeks with pred-
nisolone (PSL) >30 mg/day with little or no response, or
needed to reduce the dose of PSL because of adverse
reactions or complications. The following patients were
excluded: patients with a creatinine clearance <40 mL/min
or serum creatinine >3.0 mg/dL; patients who were nurs-
ing, pregnant, or trying to become pregnant; patients with
serious complications such as bone marrow suppression,
infections, or peptic ulcers; and patients with hypersensi-
tivity to mizoribine. This study was initiated with the
approval of the Ethics Board of Saitama Medical Univer-
sity (approval no. 117/117-11). Written informed consent
was obtained in all patients.

Weekly mizoribine pulse therapy

Seven tablets (350 mg) of mizoribine were administered
three times at 12 h intervals over 2 consecutive days
(700 mg for day 1 and 350 mg for day 2), followed by a
washout period from day 3 to day 7. The weekly dose was
same as the approved dose (1,050 mg/week).

Clinical assessment was done at 24 months, and the
results were compared to the baseline data based on the
SLE disease activity index (SLEDAIL [9)]), serum
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biochemical analysis, urinalysis, and PSL dose. Missing
clinical data were substituted using the last observation
carried forward (LOCF) method and employed for statis-
tical analysis (paired ¢ test).

Patients who fulfilled at least one of the following two
criteria. were considered to be responders: (1) SLEDAIL
score decreased without increasing the corticosteroid dose;
(2) the daily dose of corticosteroid decreased without any
elevation in the SLEDAI score. Similarly, nonresponders
were defined as patients whose SLEDAI scores and corti-
costeroid doses were unchanged from the baseline, patients
whose SLEDALI scores increased without tapering the dose
of corticosteroid, and patients who received an increased
corticosteroid dose.

The types of adverse reactions and the actions taken
were documented.

To measure the mizoribine blood levels, blood samples
were taken 5 times during the treatment course in 10
patients; 2 h after the first dose, immediately before the
second dose, and 2 h after the second dose on day 1, and
immediately before the third dose and 2 h after the third
dose on day 2. Serum samples separated from blood were
measured by HPLC at Asahi Kasei Pharma [10].

Results

Demographic features of the 17 patients were as follows:
malesfemale  ratio was  4:13;  mean  age  was
333 £ 122 years;  mean  duration  of illness  was
8.2 £ 6.6 years. Renal biopsy revealed type Il in 2 cases,
type I/ in 1 case, type HIIV in | case, type 1V in 10
cases, and type V in 2 cases. One case was not tested.
Previously used immunosuppressants were cyclophospha-
mide in 5 cases, cyclosporine in 6 cases, tacrolimus in 3
cases, and azathioprine in § cases. At the start of treatment
with mizoribine, all of the subjects had been using PSL
with a mean dose of 27 = 17 mg/day (Table 1).

Blood level profiles are shown for the 10 cases in which
blood levels were measured over time during the weekly
mizoribine pulse therapy (Fig. 1). Mean mizoribine con-
centrations were 2.4 pg/ml at 2 h after the first dose,
3.3 pg/mL at 2 h after the second dose, and 3.0 pg/mL at
2 h after the third dose.

Changes in clinical parameters at baseline and after 3,
12, and 24 months in subjects undergoing mizoribine pulse
therapy are shown in Table 2. Missing clinical data were
substituted using the LOCF method and used for statistical
analysis (paired 1 test). The mean SLEDALI score was sig-
nificantly decreased at 12 months but not at 24 months.
Although anti-ds-DNA antibody titer and CHS0 did not
improve, both urinary protein and the dose of PSL
decreased significantly at 24 months. These results suggest
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Table 1 Patient demographics

Case  Sex Age Duration  Renal Prior treatment  Mizoribine  PSL Concomitant Mizoribine Mizoribine pulse
(years) of illness  biopsy start date dose immunosuppressant  treatment therapy stopped/
(ycars) (WHO) (mg/ time continued (reason)
day) (months)
i F 38 24 \4 AZ, POCY 2003.5.12 30 - 80 Continued
2 F 45 4 1% - 2005.12.13 30 2009.7.4 ~CsA 48 Continued
3 F 20 3 v CsA, FK-506,  2006.10.24 30 - 4 Stopped (liver
AZ, IVCY disorder)
4 F 38 3 iy - 2006.12.11 30 - 36 Continued
5 F 42 8 v IvVCyY, 2007.1.15 10 - 22 Continued
POCY -+ FK-
506
6 F 4 8 Not CsA, FK-506 2007.2.9 20 - 4 Stopped (no
tested response)
7 M 25 4 v CsA, AZ 2007.5.23 60 - 32 Continued
8 M 29 9 v mPSL pulse 2007.6.4 5 2008.5.1 ~FK-506 30 Continued
9 F 22 5 i CsA 2007.7.7 10 - 28 Continued
10 F 40 10 v CsA, FK-506 2007.2.9 10 - 10 Stopped (no
response)
it F 25 6 v FK, CsA 2008.7.25 10 2009.52~FK-506 16 Stopped (no
1esponse)
12 F 56 2 v PSL 2008.4.2 40 FK-506 1 Stopped (death by
SAH)
13 M 56 11 v AZ, POCY 2008.6.30 17.5 - 18 Continued
14 M 21 10 8% MMF, IVCY,  2008.7.4 30 - 9 Stopped (no
AZ, mPSL response)
pulse
15 F 23 9 1 AZ, FK-506 2008.9.11 30 2009.9.15 ~FK- 15 Continued
506
16 F 18 1 v - 2008.9.29 60 2009.10.7 ~FK- 8 Stopped (no
506 response)
17 F 27 24 v AZ, FK-506, 2009326 50 - 9 Continued

PE

Patient demographics are shown for patients undergoing weekly mizoribine pulse therapy

mPSL methy] prednisolone, PSL prednisol CY cyclophospha

exchange

the efficacy of concomitant mizoribine pulse therapy.
Serum albumin levels increased after 24 months of treat-
ment, but this was not a statistically significant increase.

According to the criteria mentioned above, there were
10 responders and 4 nonresponders (Table 3). Three
patients (case nos. 2, 7, and 10) whose SLEDAI scores
elevated after successfully reducing the corticosteroid dose
could not be classified as either responders or nonre-
sponders. The average peak mizoribine level of the 7
responders was as high as 3.54 pg/mL. One of the 17
subjects undergoing mizoribine pulse therapy experienced
liver disorder, resulting in the discontinuation of therapy.
Hyperuricemia occurred in four cases. Concomitant treat-
ment with allopurinol was necessary in two of these cases,
and this resulted in improvement. Serum creatinine (Cr)
levels did not increase in all patients.

ide, AZ azathioprine, CsA cyclosporine A, FK-506 tacrolimus, PE plasma

Discussion

Mizoribine, a competitive inhibitor of IMPDH, inhibits de
novo purine synthesis and reduces the pools of guanine
nucleotides, leading to the inhibition of lymphocyte pro-
liferation, like MMF [S]. Mizoribine has been approved for
lupus nephritis at a dose of 50 mg three times a day, and
enjoys broad clinical use. However, it has been noted
clinically that its efficacy is inadequate.

In a placebo-controlled trial on mizoribine in lupus
nephritis [11], 6 of the 23 subjects (26.1 %) were rated as
“improved or better,” although not significantly so, in
comparison with the placebo group. Laboratory test results
also showed a slight, but not significant, improvement in
urinary protein. The incidence of adverse reactions was
about the same as for the placebo group. Kuroda et al. [12]
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Fig. 1 Blood mizoribine levels po/mi
in 10 patients Seven tablets
(350 mg) of mizoribine were

administered three times at 12 h ~o-Case 1
intervals over two consecutive
days (700 mg for day 1 and - Case 2
350 mg for day 2), followed by
a washout period from day 3 to . ~~Case 3
day 7. To measure mizoribine
blood levels, samples were ~-Case 4
taken 5 times during the g
treatment course in 10 patients: wCase?
? h u[[gr the first dose, “Case 13
immediately before the second
dose and 2 h alter the second ~Case 14
dose on day 1, and i liately
belore the third dose and 2 h -Case 15
after the third dose on day 2
~#Case 16
~~Case 17

Day 1 Day 2

Table 2 Clinical assessment of weekly mizoribine pulse therapy

Baseline (n = 17) 3 months 12 months 24 months
SLEDAI 13£6 0+7 10 & 7% 10+6
Serum Alb (g/dL) 31+£08 34 £08 34 409 35 +09
Serum Cr (mg/dL) 1.0£05 09 £05 12407 12 +07
CH50 (U/mL) 354 £+ 135 374 £ 174 339 £ 18.4 39.7 £ 183
Anti-ds-DNA antibody titer (IU/mL) 99 + 170 89 £ 221 23 +27 22425
Urinary protein (mg/dL) 194 & 208 157 = 157 118 = 108 114 = 106*
PSL dose (mg/day) 27+ 17 16 == 9 18 £ 12 15 & 12%

Mean = SD

CH50 (U/mL), normal = 30-45 U/mL; anti-ds-DNA antibody titer (IU/mL), normal = 0-20 [U/mL

SLEDAI SLE discase activity index

* p < 0.05, baseline vs. 24 months; ** p < 0.01, bascline vs. 3 months

then studied the association between blood levels and
efficacy in patients with lupus nephritis, and showed that
the effective range in normal usage is >0.66 pg/mL. We
therefore suggested that a dose sufficient to enhance effi-
cacy was not established during the development of miz-
oribine, and it therefore appears that the dose should have
been planned accounting for blood levels.

The doses at which mizoribine is used are too low in
comparison to MMF. A clinical study was recently con-
ducted in renal transplant patients that used MMF doses as
a reference, and high doses of 6-12 mg/kg were shown to
be as effective as MMF [8], showing that the effects of
mizoribine are related to blood levels. The dose relation-
ship of mizoribine to immunocompetent cells has been
studied using various methods, and it has been shown that
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concentrations of 1-5 pg/mL result in 50 % inhibition of
nucleic acid synthesis in human lymphocytes [}3-15].
Mizoribine has also been reported to bind to 14-3-3 pro-
teins, enhancing glucocorticoid receptor transcriptional
activity, but this effect was significantly enhanced at miz-
oribine concentrations of >10 pM (2.6 pg/mL) [16). In
light of these findings, mizoribine should be administered
at a concentration of more than 3 pg/mL { 7], A simulation
study of mizoribine in pediatric patients with renal disease
showed that the peak serum concentration of mizoribine
administered orally once a day at doses of between 2.5 and
13.5 mg/kg (mean 6.14 mg/kg) was as high as 6 pg/mL
[17]. Another pharmacokinetic study was done in male
healthy volunteers, where 12 mg/kg/day (6 mg/kg twice
daily) of mizoribine was well tolerated and C,,,x reached
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Table 3 Peak mizoribine concentrations of nonresponder and
responder patients

Case no. PSL SLEDAI Mizoribine peak
level (ng/mL)
Nonresponders
6 Increased nd
11 Increased Unchanged nd
12 Unchanged Unchanged nd
14 Unchanged Unchanged 248
Responders
1 Decreased Decreased 332
3 Decreased Unchanged 1.61
4 Decreased Decreased 3.93
5 Unchanged Decreased nd
8 Unchanged Decreased nd
9 Unchanged Decreased nd
13 Decreased Decreased 423
15 Decreased Decrcased 5.88
16 Decreased Decreased 1.42
17 Deereased Decreased 4.42
(3.54 £ 1.73)

4.6 £ 1.6 pg/mL [18). The therapeutic window of miz-
oribine for suppressing acute-phase rejection following
transplantation has been defined in terms of the trough
concentration as 0.5-3.0 pg/mL. This was achieved using a
dosing regimen of 6 mg/kg twice daily [18]. Yumura et al.
reported on the pharmacokinetics of mizoribine in patients
with Jupus nephritis. Blood kinetics were compared at three
mizoribine doses: 150 mg once a day, 100 mg twice a day,
and 50 mg three times a day. At a dose of 150 mg, the
mean peak blood level was 1.8 pg/mL. In contrast, the
peak blood level at three doses of 50 mg was less than
1 pg/mL [18].

Recently, the efficacy of mizoribine pulse therapy
(500 mg twice a week) has been reported in a patient with
focal segmental glomerulosclerosis {26]. Good results have
also been reported with mizoribine pulse therapy in pedi-
atric lupus nephritis [2], 22]. A peak mizoribine blood
level of 3 pg/mL was targeted in these reports as well. The
outcomes were similar to those reported here, and the
results fully support our approach.

In light of the fact that weekly administration of MTX at
12 h intervals was widely reported to be effective for
rheumatoid arthritis, and considering the previous case
reports on the effectiveness of high-dose mizoribine ther-
apies for lupus nephritis, we developed weekly mizoribine
pulse therapy, in which the weekly dose would be given
over 2 days in order to get sufficient or higher blood levels
of mizoribine. Seventeen patients with active refractory
lupus nephritis who had been resistant to corticosteroids
and immunosuppressants were enrolled in this study. The

high doses of mizoribine administered, 350 mg at a time
(maximum daily dose of 700 mg), led to peak blood levels
of >3 pg/mL. Although clinical markers for lupus activity
such as SLEDA], anti-dsDNA titer, and serum complement
level did not change, corticosteroid doses were signifi-
cantly reduced. Ten of the 17 subjects were considered
responders with peak blood levels of mizoribine as high as
3.5 pg/mL, which also supports the idea that peak blood
levels of mizoribine are an important factor in the effica-
cious treatment of lupus nephritis. Although the number of
patients analyzed was very small, peak mizoribine con-
centration may be related to clinical response. Some sub-
jects were still on mizoribine monotherapy for more than
2 years after being weaned from corticosteroids (Fig. 2).
No serious adverse reactions were observed in our 17
patients. However, mild liver dysfunction occurred in 1
case, and hyperuricemia occurred in 4 cases.

A number of immunosuppressants and a wide range of
treatment options that can be used for lupus nephritis are
currently available in Japan. Tacrolimus is used to treat
refractory lupus nephritis, but is not always effective [23].
Multi-target therapy has recently been proposed, and the
results of combination treatment with MMF and tacrolimus
have been published [2+4]. Based on that research, combi-
nation therapy with mizoribine and tacrolimus has been
studied in Japan, with good results [25]. Such a combina-
tion therapy may be a good treatment option for remission
induction therapy and lead to better outcomes for lupus
nephritis.

Mizoribine is a IMPDH inhibitor that causes the inhi-
bition of purine synthesis by lymphocytes. As shown by the
efficacies of various immunosuppressive therapies, such as
cyclophosphamide and MMF, it is necessary to suppress
Iymphocyte function to control lupus nephritis. In this
study, immunological markers such as anti-dsDNA titer
and serum complement level did not improve significantly.
This may be because they were already suppressed by a
previous long-term immunosuppressive treatment, includ-
ing moderate to high dose steroid treatment. Our weekly
mizoribine pulse therapy yielded a C,, of mizoribine of
3 pg/mL or more, which the approved dose regimen
(50 mg three times a day) cannot reach, leading to the
suppression of lymphocyte function and enabling us to
reduce the dose of concomitant corticosteroid administered
to control lupus activity. In this therapeutic strategy, serum
mizoribine levels are almost zero from day 4 to day 7.
Given that the clinical efficacy of intermittent mizoribine
pulse therapy has been demonstrated in previous reports
[26, 21] as well as in our 10 responders, it appears to be
important to obtain a sufficiently high peak serum level
(more than 3 pg/mL), even only transiently.

Concomitant immunosuppressive agents should be used
to reduce the risk of adverse effects of long-term steroid
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Fig. 2 Clinical course of a
representative case (case 1) {ma/day)

AZ(mg/dsy) O (me/day)
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Urinary protein{mg/dl)
N w
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100 -

treatment in the management of collagen vascular diseases.
This mizoribine pulse therapy seems to be effective, and
should be attempted instead of the approved mizoribine
therapy for refractory lupus nephritis. A prospective com-
parative study between mizoribine pulse therapy and the
standard approved therapy should also be performed to
confirm the efficacy of this therapeutic strategy.

Conflict of interest None.
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A merged presentation of clinical
and radiographic data using
probability plots in a clinical trial,
the JESMR study

In terms of the relationship between synovial inflammation
and radiographic changes, including both joint damage repair
and progression,’ in rheumatoid arthritis (RA), pre-existing
joint damage and persistent synovitis may promote
joint destruction, while in the absence of synovitis, damaged
joints may heal? ® Although presentation of radiographic
results using cumulative probability plots has substantially
improved understanding of clinical trial data,® the effects of
treatments on radiographic progression and improvement
(regression) in individual RA patients has not yet been fully
explained.

In the JESMR study,5 151 active RA patients unresponsive
to treatment with methotrexate (MTX) were randomised into
1 of 2 treatment groups: etanercept (ETN) 50 mg/week with
6-8 mg/week of MTX (the E+M group), or ETN alone (the E

310

Breyj.com

group). Radiographs of the hands and feet before ETN (base-
line) and during the first year of treatment were available
from 53 (72%) and 68 (88%) patients in the E and E+M
groups, respectively. Baseline characteristics of patients were
comparable between those with and without available radio-
graphic data in each treatment group (data not shown).
However, most patients without data did not complete the
study up to Week 52 as per protocol, chiefly due to lack of effi-
cacy in the E grou7p.(‘ The mean baseline total Sharp-van der
Heijde score (TSS)” was 114.5 in the E group and 113.1 in the
E+M group (disease duration: 10.0 years and 8.4 years,
respectively), and the smallest detectable change (SDC) in
TSS over 52 weeks was 1.9.

Cumulative probability plots provided by the American
College of Rheumatology (ACR)-N® clearly demonstrated a
superior response (figure 1AB) and a significantly greater
ACRS0 response rate in the E+M group at week 52 (76.5% vs
50.9%, p=0.0041, Fisher's exact test). Merged probability
plots of individual radiographic change over 52 weeks (ATSS)
suggested preferential existence of aggressive radiographic
progressors among ACRS50 non-responders in the E group.
The relationship among treatment, clinical disease activity,
and radiographic change was further addressed using time-
averaged disease activity score of 28 joints (DAS28) over
52 weeks in place of ACR-N at Week 52 (figure 1CD).
Significant correlation between time-averaged DAS28 and
ATSS was observed in the E (#=0.097, p=0.023) but not the
E+M group (?=0.019, p=0.26). Aggressive radiographic pro-
gression was preferentially observed among patients with mod-
erate or high activity on average in the E group (figure 1C),
while in  the E+M group, radiographic progression
among these patients seemed to be balanced by radiographic
regression among those in remission or with low disease
activity (figures 1D-F).

The absence of radiographic regressors (>SDC) among clin-
ical responders in the E group (figure 1A,C,E) was surprising,
although 18.2% of those patients showed regression within the
SDC. This may be partly explained by the limitations of the
study due to the small number of patients involved. Another
limitation was much lower MTX dose at study enrolment than
the current global standard dosage: 7.0£1.4 (the mean%SD)
and 7.4x1.1 in the E and E+M groups, respectively.

In summary, we first demonstrated the relationship between
individual clinical responses and radiographic changes by
merging cumulative probability plots of ACR-N or time-
averaged DAS28 and ATSS. These presentations clearly show
the relationships between two parameters as a whole, facilitat-
ing further post hoc analyses of clinical trials. Further, merged
presentation of probability plots is useful in comparing a single
parameter (eg, health assessment questionnaire-disability index:
HAQ-DI) before and after treatments (figure 2). However,
merged presentation of probability plots must be followed by
statistical analyses after being classified into binary or ternary
categories, as we showed here.
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Pulmonary infections following immunosuppressive treatments during
hospitalization worsen the short-term vital prognosis for patients with
connective tissue disease-associated interstitial pneumonia
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Abstract

Objective. Connective tissue disease-associated interstitial pneumonia (CTD-IP) significantly af-
fects the mortality of patients with CTD. The purpose of the present study is to identify causes
and risk factors for death during hospitalization for immunosuppressive treatment of CTD-IP.

Methods. A multicenter, retrospective study was conducted that collected data from patients

Keywords

Connective tissue disease, Interstitial
pneumonia, Immunosuppressive
treatments, Pulmonary infections, Vital
prognosis

with CTD who had been hospitalized for commencing or intensifying immunosuppressive treat-

ment of CTD-IP using a standardized case report form. Risk factors were identified using the Cox

proportional hazard regression model.

Results. A total of 322 CTD-IP patients were enrolled with rheumatoid arthritis (n = 84), systemic
lupus erythematosus (n = 13), polymyositis (n = 33), dermatomyositis (n = 69), systemic sclerosis
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(n = 55), mixed connective tissue disease (n =21), microscopic polyangiitis (n = 19), and over-
lap syndrome (n = 28). Of the 42patients who died during hospitalization, 22 died from CTD-IP,
15 from CTD-IP and pulmonary infection, 2 from pulmonary infection, and 3 from other causes.
Age = 65 years and development of pulmonary infections after commencing or intensifying im-
munosuppressive treatments were identified as risk factors for death during hospitalization after

adjusting for covariates.

Conclusion. Careful consideration of the benefit-risk balance of immunosuppressive treatment
for CTD-IP is indispensable for improving the short-term vital prognosis of these patients.

Introduction

Among the varieties of lung involvements in patients with connec-
tive tissue discases (CTD), CTD-associated interstitial pneumonia
(CTD-IP) is prevalent and has considerable influence on morbid-
ity and mortality [1]. In clinical practice, CTD-IP is frequently

Correspondence (01 Masayoshi Harigai MD, PhD, Department of
Pharmacovigilance, Tokyo Medical and Dental University Graduate
School, 1-5-45 Yushima, Bunkyo-ku, Tokyo, 113-8519, Japan. Tel: +81-
3-5803-4677. Fax: +81-3-5803-4694. E-mail: mharigai.mpha@imd.
ac.jp

observed in patients with rheumatoid arthritis (RA). polymyositis
(PM)/dermatomyositis (DM), and systemic sclerosis (SSc). The
prevalence of clinically definitive CTD-IP in RA, PM/DM, and
SSc has been reported to be 7-14% (2], 5-46% (3], and 40-80%
{1]; and 5-year survival rates were 40-90% [2,4-6], 50-87% [7.8).
and 80-90% [9.10], respectively. Some studies even show that
CTD-IP has a more unfavorable prognosis than idiopathic intersti-
tial pneumonia when adjusted for age and gender [11,12].

Patients with active CTD-IP often receive treatments with corti-
costeroids with or without other immunosuppressants. The efficacy
of immunosuppressive (reatments depends on the type of CTD,
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imaging pattern or pathological classification of CTD-IP. residual
pulmonary function, and disease activity of CTD-IP 5,10.12-16].
Patients with CTD-IP sometimes develop life-threatening pulmo-
nary complications, such as severe pulmonary infections [17-20]
and mediastinal emphysema [21] during immunosuppressive treat-
ment. To improve long-term survival of patients with CTD-IP.
achieving beltler short-term survival is indispensable alter the
initial or remission induction treatment of CTD-IP. Few studics
have reported short-term survival rates of patients with CTD-IP
after commencing or intensifying immunosuppressive treatments
[22-24], and little is known about the risk factors associated with
death during treatment.

The present study reports the results of a multicenter. retrospec-
tive study of patients with CTD-IP who required hospitalization
for immunosuppressive treatment. The purpose of this study was
to identily causes and risk factors of death during hospitalization
of CTD-IP patients with an emphasis on pulmonary infections
occurring after commencing or intensilying immunosuppressive
(reatments.

Materials and methods
Patients

Ten university hospitals and one national hospital participated
in this study. The retrospective cohort of this study consisted
of patients with RA, systemic lupus erythematosus (SLE), PM.
DM, SSc, mixed conncctive tissue discase (MCTD), micro-
scopic polyangiitis (MPA), or overlap syndrome who required
hospitalization for treatment of CTD-IP between April 2004 and
March 2007. All participating hospitals searched their admission
logs and enrolled virtually all patients eligible for this study.
The diagnoses of CTDs were made by the attending rheumatolo-

gists with reference to the classification or diagnostic criteria of

these diseases [25-30]. When one patient concurrently had two
or more of the above-mentioned CTDs, the paticnl was classi-
fied as having overlap syndrome. The diagnosis of CTD-1P was
determined by the altending physicians and investigators in the
participating hospitals based on clinical manifestations, images
on chest X-ray and thoracic computed tomography (CT), and
laboratory tests, and confirmed by M.T. using medical records
for each patient.

Collection of clinical data

Clinical data were systematically extracted for cach patient using
a standardized case report form and included age, gender. dis-
ease duration in months for each CTD, clinical characteristics of

CTD-IP (i.c., new-onset or recurrent and presence or absence of

mediastinal emphysema), details of treatment for CTD-IP aflter
admission [i.c., maximum prednisolone (PSL)-cquivalent daily
dosage of oral corticosteroid, use of methylprednisolone pulse
(mPSL pulse) therapy, and use of immunosuppressants]. pulmo-
nary infections after commencing or intensifying immunosup-
pressive therapy for CTD-IP, and the status of the patient with
CTD-IP at discharge by the attending physician’s global assess-
ment (improved, unchanged, deteriorated, or death). These data
were based on medical records obtained during hospitalization
and outpaticnt visits after discharge. Causes of death were deter-
mined by two board-certified rheumatologists (M.T. and M.H.)
and a board-certified specialist of infcctious diseases (R.K.)
based on medical records during hospitalization and the outpa-
tient clinic. The start date of the observation period was the date
immunosuppressive treatment for CTD-IP was commenced or
intensified alter hospitalization. Observation was stopped either
on the date of death, loss-to-follow-up, or on March 30. 2007.
whichever came first.

Mod Rheumatol, 2014; Easy Ounline: 1-6

Statistical analysis

For group comparisons involving catcgorical variables, the chi-
square or Fisher's exact test was used. Continvous variables were
compared using the Mann-Whitney U test. To identify risk factors
for death during hospitalization, the multivariale Cox proportional
hazards regression model was used with the forced entry proce-
dure. In addition, we used Benjamini and Hochberg (BH) method
(31 to correct for multiple comparisons. BH method is one of the
approaches (0 multiple comparison problems by controlling the
lalse discovery rale (FDR). All analyses were performed using
SPSS software. version 17.0 (SPSS Japan, Tokyo, Japan).

Ethics

This study was approved by the cthics committees ol the Tokyo
Medical and Dental University Hospital and other participating
hospitals. The guidelines of the Helsinki Declaration and the cth-
ics guidelines for epidemiologic research in Japan were followed.
The cthics guideline for epidemiological research in Japan requires
notifying cligible patients of the study and allows implementation
of that study without obtaining individual written informed con-
sent. This study was publicized by leaflets or posters in outpatient
clinics of cach participating hospital. Patients were excluded from
the study il they expressed unwillingness to participate.

Results
Clinical characteristics of patients with CTD-IP

We cnrolled 322 patients who were hospitalized for treatment of
CTD-IP between April 2004 and March 2007. The numbers of
cases with cach CTD were 84 RA (26.1%). 13 SLE (4%). 33 PM
(10.2%). 69 DM (21.4%). 55 SSc¢ (17.1%), 21 MCTD (6.5%). 19
MPA (5.9%). and 28 overlap syndrome (8.7%). The median (range)
observation and hospitalization periods ol the patients were 1.1
(0-3.2) years and 1.8 (0-32.1) months, respectively. Demographic
and clinical fcatures of the patients at admission for cach CTD-1P
arc summarized in Table 1. The mean age of patients with MPA
was highest and that of patients with SLE lowest. The proportion
ol femalc patients with MPA was significantly lower than those
for other diseascs (p=0.001. chi-squarc test). Patients with PM,
DM. and MPA (ended to have shorter discase duration. The rate of
newly developed CTD-IP in patients with SLE and DM was signil-
icantly higher (p=0.002. chi-square test) and that in RA paticnts
was significantly lower (p = 0.002, chi-squarc test) compared with
those with other discases.

Treatment of CTD-IP

Foliowing admission. immunosuppressive treatments lor CTD-IP
were commenced or intensified in all patients, using oral corti-
costeroids. mPSL pulse therapy, intravenous cyclophosphamide
therapy (IVCY). and/or other immunosuppressants (Table 1).
Paticnts with RA were more frequently treated with mPSL puise
therapy (p = 0.001. chi-square test) and less [requently with IVCY
(p<0.001. chi-square test). Patients with SSc were treated less
Irequently with mPSL pulse therapy (p <0.001. chi-square test)
and oral corticosteroids (7= 0.008, chi-squarc test) and more
frequently with IVCY (p < 0.001. chi-squarc test). Paticnts with
MCTD were treated less frequently with mPSL pulse therapy
(p < 0.001. chi-squarc test). In addilion 10 IVCY, the main immuno-
suppressants used for CTD-IP were cyclosporine (68/133; 51.1%),
tacrolimus (48/133; 36.1%), and azathioprine (10/133; 7.5%).

Prognosis and causes of death of CTD-IP patients

Al discharge, 223 cases (69.3%) showed improvement, 54 cases
(16.8%) had no change, 3 cases (0.9%) deteriorated according to the
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Table 1. Clinical characteristic of patients with CTD-IP.
Treatments for CTD-IP during
Disease hospitalization
Gender  duration Newly mPSL
Age (years) (Female) (months) developed  puise CS is IvCy
RA (n=184) 65.4+9.1 57.1% 12371287 42.9% 493%%  933%  378%  6.8%
SLE (n=13) 439=16  92.3% 73.6£ 1289  84.6%" 23.0%  100%  25% 23.1%
PM (n=33) 5610 81.8% 26.7+59.7 69.7% 35.5% 96.8% 5L.6% 16.1%
DM (n=69) 548+12 65.2% 23,6423 T2.14% 35.9% 98.4%  594% 222%
SSc (n=55) 5616  58.2% 7152986  46.3% 145" 80.4%% 43.1%  56.9%**
MCTD (n=21) 54.8*134 61.9% 557%743 57.1% 109" 95% 60% 15%
MPA (n=19) 732+8.1 42.1%* 189213 52.6% 21% 100%  36.8% 15.8%
Overlap (n=28) 52.6x11.7 92.9% 499x765  64.3% 23.1%  88.5% 42.3% 423%

mPSL pulse methylprednisolone pulse therapy, CS corticosteroid, IS immunosuppressants other than IVCY, IVCY
intravenous cyclophosphamide, RA theumatoid arthritis, SLE systemic lupus eryth osus, PM poly Sitis,
DM dermatomyositis, SS¢ systemic sclerosis, MCTD mixed conncctive tissue disease, MPA microscopic

polyangiitis, Overlap overlap syndrome.

Statistical significance was defined as p <0.05 and adjusted residual as absohute value more than 2.00.
*Significantly lower percentage of female (p = 0.001; chi-square test).
*Significantly higher percentage of newly developed CTD-IP (» = 0.002; chi-square test).

*Significantly lower percentage of newly developed CTD-IP (p = 0.002; ¢t
$Significantly higher percentage of concomitant use ( = 0.001; chi-s
"Significantly lower percentage of concomitant use (p = 0.001; chi-square test).
1Significantly lower percentage of concomitant use (p = 0.008; ch
**Significantly higher percentage of concomitant use (p < 0.001; chi

attending physicians’ global assessment, and 42 cases (13%) died
during hospilalization (Table 2). In-hospital mortality rates were
significantly higher for RA (20.2%) and DM (21.7%) and lower for
$8c and overlap syndrome, compared with those for other diseases
(p <0.001, chi-square test). Of the 42 deaths during hospitaliza-
tion, the causes of death were CTD-IP for 22 cases, CTD-IP and
pulmonary infection for 15, pulmonary infection for 2, CTD-IP
and pulmonary hypertension for 1. pulmonary hypertension for 1,
and pulmonary hemorrhage for 1. Six patients died after discharge
from the hospital and before the end of the observation period.
The cause of death was unknown in 5 of these cases and was heart
failure in 1 case.

Because 17 deaths during hospitalization were totally or par-
tially attributed to pulmonary infection after immunosuppressive
treatment for CTD-IP was initiated, according to the attending
physician, we examined the prognosis for the 43 cases that devel-
oped pulmonary infections. Of these 43 cases, 17 died before

Table 2. Status of patients with CTD-IP at discharge.

square 1est).

discharge, including 7 with DM; 4 with RA; and 2 each for PM.
SSc, and MPA. The mortality rate for cach CTD-IP ranged from
40 to 67% (Table 2). The types of the pulmonary infection in these
43 cases were mixed pulmonary infection for 13 cases, bacterial
pneumonia for 12 cases, Preumocystis jirovecii pneumonia for 6
cases, bronchitis for 3 cases, P. jirovecii pncumonia and Cytomeg-
alovirus pneumonia for 2 cases, Cytomegalovirus pneumonia for
1 case. fungal pneumonia for 1 case, non-fuberculous mycobacte-
rial infection for 1 case, influenza for 1 case, and unknown for 3
cases. Because we did not collect information about prophylaxis,
we were unable to examine its association with development of
pulmonary infection.

Risk factors for death during hospitalization

The 42 paticnts who died during hospitalization accounted for
87.5% of all 48 deaths during the observation period of this study.

Status of CTD-IP patients at discharge Development
of pulmonary
Improved Unchanged Deteriorated Deceased infections*
RA (n=84) 61 6 0 17* 104
SLE (n=13) 11 1 0 1 2
PM (n=33) 24 4 0 5 30
DM (n=69) 49 5 0 15% 15(7)
SSc (n=355) 27 25% 1 2t 4
MCTD (n=21) 8 1 2 0 3
MPA (n=19) 18 2 0 2 502
Overlap (n=28) 18 10 0 of 1
All 223 54 3 42 43017

The status of CTD-IP patients at dis
as improved, unchanged, deteriorated, or deceased.

RA theumatoid arthritis, SLE systemic lupus erythematosus, PM polymyositis, DM dermatomyositis.
ase, MPA microscopic polyangiitis, Overlap overlap syndrome.

sclerosis, MCTD mixed conneclive tissue dis

charge is summarized according to the attending physicians” global asscssment

SSe systemic

Statistical significance was defined as p < 0.0S, and adjusted residual as absolute value more than 2.00.
Numbers in parenthescs are numbers of deaths during héspitalization.

*Significantly higher percentage (p < 0.001; chi-squarc test).

*Significantly lower percentage (p < 0.001; chi-square test).

+Development of pulmonary infections after new or additional immunosuppressive treatments for CTD-1P.
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Table 3. Univariate analyses for death during hospitalization of patients with connective tissue disease-associated

interstitial pneumonia.

Survived cases  Deceased cases

{n=31) p value
Characteristics of the patients
Age (years)* < (.0017
Age (= or> 63 yio) < 0.001¢
Gender (female) 0.76¢
Disease duration of each CTD {months)™ < 0.81°
Newly developed CTD-1P 0.054%
Development of mediastinal emphysema during hospitalization 0.016%
Development of pulmonary infections during hospitalization <0001 =
New or additional treatments for CTD-IP afler admission
Concomitant use of mPSL pulse therapy < (.001%
Concomitant use of CS 0.029%
Maximum dosage of CS (mg/day of PSL equivalent)® 0.0087
Concomitant use of immunosuppressant other than IVCY 017
Concomitant use of IVCY 0.85°

CTD connective tissue discase, CTD-IP connective tissue disease assoviated imerstial pneumonia, €S

corticosteroid, PSL prednis

lone, IVCY intravenous cyclophosphamide.

*Mean = 8D, p values were calealated using the Mann-Whitney test () or chi-square test (%),

indicating that clinical management during hospitalization is
important to improve short-term vital prognosis of patients with
CTD-IP. We, therefore, examined risk factors for death during
hospitalization in 294 paticnts who had detailed information about
immunosuppressive treatment for CTD-IP. We compared surviv-
ing and deceased cases using univariate analyses (Table 3} and
selected variables for the multivariate Cox regression hazard anal-
ysis to evaluate the risk factors for death during hospitalization.

Based on the results of univariate analyses (Table 3). we
applied age (=65 years old), development of mediastinal emphy-
sema, development of pulmonary infection after commencing
or intensifying immunosuppressive treatments, concomitant use
of mPSL pulse therapy. and the maximum daily dosage of oral
corticosteroids into multivariate Cox proportional hazards regres-
sion models by the forced entry procedure. Age (=65 years old:
p=0.001), development of pulmonary infection (p = 0.004), and
concomitant use of mPSL pulse therapy (p=0.032) were iden-
tified as significant risk factors for death during hospitalization
(Table 4). After corrections for multiple comparisons using FDR
and BH methods [31]. age (= 65 years old) and development of
pulmonary infection remained significant. Because we observed
a significant association between use of mPSL pulse therapy and
maximum daily dosage of oral corticosteroids, we used’mPSL
pulse therapy or maximum daily dosage ol oral corticosteroids
=40 mg/day” with the other three factors in Table 3 as independent
variables and performed a multivariate Cox proportional hazards
regression analysis. This second model also identified age (= 63
years old) and development of pulmonary infection as significant
risk factors (data not shown).

Discussion

This multicenter. large-scale. retrospective analysis of CTD-IP
paticnts in Japan was implemented to determine the short-term vitat
prognosis and to identily risk factors for death after commencing
or intensifying immunosuppressive treatments for CTD-IP. There
are three major findings from our study. First, the overall mortality
rate of patients with CTD-IP during hospitalization for immuno-
suppressive treatment for [P was 13% {42/322). Second, CTD-IP
patients with RA and DM had higher in-hospital mortality rates
following immunosuppressive treatments. Third. advanced age
(=63 years old) and development of pulmonary infection were
cant risk factors for death during hospitalization after cor-
rections for multiple comparisons.

In clinical practice. patients with CTD-IP often develop a pul-
monary infection and sometimes die from this complication. To
the best of our knowledge. this is the first study that demonstrates
an association with statistical significance between develop-
ment of pulmonary infections after commencing or intensifying
immunosuppressive treatment and death during hospitalization.
Several investigators have reported IP as a risk factor for infection
or serious infection in patients with CTD {19.32-35]. These data
strongly indicate the importance of prophylaxis, monitoring. and
carly diagnosis of pulmonary infection during immunosuppressive
treatment of CTD-IP.

Our study identified older age (= 63 years old) as a significant
risk factor for death during hospitalization for immunosuppres-
sive treatment of CTD-IP. Kocheril et al. {12} performed a
control study of paticnts with CTD-ILD {interstitial lung dis

n

Table 4, Multivariate Cox proportional hazards regression analysis for death during hospitalization of patients

with CTD-IP.
Hazard

Risk factors ratio 95% C1 p value
Age (= 65 years old) 398 1.70-9.32 0.001*
Development of pulmonary infections after new or additional 340 1.49-7.72 0.004*

immunosuppressive treatments for CTD-IP
Concomitant use of mPSL pulse therapy 2.86 1.09-7.50 0.032
Maximum dosage of CS (mg/day of PSL equivatent)’ 1.01 (.996-1.02 0.16
Development of mediastinal emphysema 1.35 0.45-4.06 0.60

95% CI 95% confidence interval, CTD-IP connective tissue discasc-associated interstitial pneumonia, CS

corticosteroid, PSL prednisolone.

Significant risk factors for death during hospitalization for immunosuppressive treatment of CTD-IP were identified

using Cox proportional hazards regression models.

*These p values were statistically significant after corrections for multiple comparisons using FDR and BH

methods [31].
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and idiopathic interstitial pnecumonia and found that the hazard of
death increased by 4% per 1-year increment in age at the diagnosis
of CTD-ILD. Other studics. however, have failed to find a signifi-
cant association between age and prognosis of collagen vascular
disease-IP (CVD-IP) in paticnts with PM/DM [36,37] or SSc¢ {38]
following treatment [or CVD-IP. The association of age with vital
prognosis may be altered by other factors, such as types of CTD
and treatment provided.

Several studies have investigated the long-term vital progno-
sis for patients with CTD-IP. Su et al. [9] cstimalted the survival
of patients with CTD-ILD using the Stanford ILD database and
reported that I-year, 3-ycar, and 5-year survival rates at the last
[ollow-up from diagnosis of ILD were 88%, 61%, and 53%, respec-
tively. This and other studies showed that the probability of sur-
vival of patients with CTD-IP greatly decreased during the first
and second years aller diagnosis and tended to plateau after that
[4,11,12]. A study of patients with acute exacerbation of CTD-IP
(6 with RA, 6 with DM, and 3 with SSc) found that the 90-day

survival rate after hospital treatment for acute exacerbation of

CTD-IP was only 33% [39]. These data indicate that patients with
CTD-IP have an unfavorable short-term vital prognosis especially
alter initiation of therapy for CTD-IP. Altogether, these results are
compatible with the results of our study.

A number of studies have found that RA patients with CTD-IP
have a poor vital prognosis { 1.2,4-6]. Hakala [40] analyzed the clin-
ical course of 49 RA patients admitted to their hospital with inter-
stitial lung fibrosis, and reported a poor prognosis. with a median
survival of 3.5 years and a S-year survival rate of 39%. Rajasckaran
ct al. [5] reported a similarly poor prognosis for 18 patients with
RA-ILD, with a S-year survival rate of 44%. Park et al. [4] reported
that the survival of RA patients with CVD-IP was lower than that
lor patients with other CVD-IPs. The high in-hospital mortality
rate of RA patients with CTD-IP in our study is in agreement with
these previous reports of long-term vital prognosis.

The presence of ILD in patients with PM/DM resulted in
increased mortality [7,8,13). Marie et al. [13] reported that sur-
vival of PM/DM patients with ILD (PM/DM-ILD) was 94.4%,
90.4%, and 86.5% at years 1, 3, and 5, respectively. Fujisawa ct al.
[7] compared the prognosis of ILD between patients with PM and
DM. They reported that DM patients with ILD had significantly
shorter survival rates than PM patients with ILD (5-year survival,
55.6% vs. 87.1%, respectively), and that most of the deaths in
patients with DM-ILD were {rom respiratory failure due to dete-
rioration of ILD. In our study, 15 of 69 DM patients (21.7%) and 5
ol 33 PM patients (15.2%) died during hospitalization. The cause
of death in patients with DM was CTD-IP for 8 cases, CTD-IP and
pulmonary infection for 6, and pulmonary infection for 1. These
results support a shorter vital prognosis for CTD-IP in DM com-
pared with that in PM and other CTDs.

There are certain limitations in our study. First, the patients with
CTD-IP cnrolled in this study were limited to hospital ized patients.
who might have a more severe or treatment-resistant CTD-IP than
non-hospitalized patients. Those patients with less severe CTD-1P
not requiring immunosuppressive treatments with hospitalization
were excluded from our study. Sccond, the observation period of
our study was shorter than those of previous reports. However,
the probability of survival after treatment with any immunosup-
pressants in PM/DM {22.37] or SSc [23.24] patients tended to
platcau after two years of follow-up. Therefore, careful clinical
management during hospitalization would be important not only
for short-term, but also for mid- to long-term vital prognosis of
patients with CTD-IP. Third. we could not collect previously
reported risk factors for an unfavorable prognosis [5,10,12-16},
such as chest X-ray, thoracic CT images, and results of pulmonary
function tests. Additional risk factors might have been identified if
we had collected and applied these data to this study.

ssive tr s 5
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In conclusion, proper management of patients with CTD-IP with
careful consideration of benefit-risk balance for immunosuppres-
sive treatments is necessary (o improve the short-term prognosis of
these patients. Because the development of pulmonary infections
after the initiation of immunosupression has a substantial influence
on the mortality rate of patients with CTD-IP, physicians should
pay special attention to evaluation of the risk for the pulmonary
infections and consider initialing preventive measures before start-
ing immunosuppressive treatment for CTD-IP.
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Abstract Retinoid, a derivative of vitamin A, is a general
term used to describe compounds that bind to and activate
retinoic acid receptors [RARs (RARw, RARB, and RARYy)]
and/or retinoid X receptors [RXRs (RXRa, RXRf, and
RXRy)]. They have been shown to surpress the differentia-
tion of Th1/Th17 cells and induce the development of Th1/
regulatory T cells. They also affect the proliferation of B
cells as both an inducer and suppressor. Furthermore, reti-
noids may induce the maturation of dendritic cells and pro-
duction of interleukin-10 from monocytes/macrophages.
We recently demonstrated that retinoids suppressed the
production of reactive oxygen species, the release of
elastase from neutrophils by inhibiting mitogen-activated
protein kinase signals, and both the migration speed and
chemotaxis directionality of neutrophils. Retinoids, such
as all-trans retinoic acid and tamibarotene, were previously
shown to have positive effects on animal models of several
rheumatic diseases, including arthritis, myositis, and vascu-
litis in vivo. Moreover, retinoids have been used in a pilot
study to effectively treat patients with lupus nephritis and
systemic sclerosis. We herein reviewed the effects of reti-
noids on immune cells, animal models of rheumatic dis-
eases, and rheumatic patients.
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Introduction

Biological drugs, such as anti-tumor necrosis factor (TNF)
monoclonal antibodies, were recently shown to mark-
edly improve arthritis and inhibit bone destruction associ-
ated with rheumatoid arthritis (RA) [1, 2]. However, some
patients do no respond to these treatments, and biological
agents have been shown to increase the risk of severe infec-
tion [, 4]. Other rheumatic diseases, such as myositis and
vasculitis, are treated with prednisolone (PSL) monother-
apy or PSL combined with immunosuppressive therapy,
which can also increase the risk of infection. Previous stud-
ies reported that biological drugs may be effective for vas-
culitis and myositis [3, ¢]; however, these treatments have
not yet been established. Therefore, therapies urgently need
to be developed that are more effective, cheaper, and safer
than conventional treatments.

RA was previously treated with retinoids, but was
unsuccessful because of severe adverse events and low
efficacy [7, 8]. Mucida et al. demonstrated that retinoids
regulated the differentiation of T helper (Th) cells in 2007
[91, which led to a marked increase in the number of stud-
ies examining the immunoregulatory effects of retinoids.
We previously reported that the synthetic retinoid, Am80,
attenuated arthritis, myositis, and vasculitis in the respec-
tive murine models [10-12]. In addition to all-zrans retinoic
acid (ATRA), tamibarotene (Am80) was approved for the
treatment of acute promyelocytic leukemia (APL) in Japan
in 2005. We herein reviewed the immunological function
of retinoids, and their potential as therapeutic agents in the
treatment of rheumatic diseases.
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to describe compounds that bind to and activate retinoic
acid receptors [RARs (RAR«, RARf, and RARy)] and/or
retinoid X receptors [RXRs (RXRu, RXRf. and RXRy)].
members of the nuclear receptor superfamily [13]. RARs
and RXRs are transcriptional regulators that bind to spe-
cific retinoic acid response elements present in the promot-
ers of their target genes. Retinoids are critically involved
in embryonic development, organogenesis, tissue homeo-
stasis, cell proliferation, differentiation, and apoptosis [13].
A previous study showed that retinoids also contributed to
immune regulation through RARs and RXRs [i4], includ-
ing Th differentiation and B cell activation {}3]. Etretinate
has been used clinically for the treatment of cutancous
inflammatory disorders such as psoriasis and acne [16, }7].
ATRA, which is a ligand for RARw. f, and v, and Am80,
which is a specific ligand for RARu and f. but not for
RARy [18], are also used to treat APL [19, 20},

Effects of retinoids on immune cells
T cells

T cells play an important role in the immune system.
Signals from dendritic cells (DCs), macrophages. and
cytokines induce the differentiation of cells into Thl.
Th2, Th17, or regulatory T (Treg) cells. ATRA has been
shown to inhibit differentiation into Thl cells by down-
regulating T-box expressed in T cells (T-bet) expression
and promotes the differentiation of Th2 cells by inducing
the expression of GATA-binding protein-3 (GATA3) and
MAF as well as activating STAT6 in vitro [21] (Fig. 1).
A deficiency in vitamin A was shown to result in an envi-
ronment that was conducive to the differentiation of naive
precursor CD4* T cells into interferon (IFN) y-secreting
Thl cells [22]. In addition, ATRA directly induced the
differentiation of Th2 cells via RAR [21] and indirectly
promoted that of Th2 cells by increasing the production
of interleukin (IL)-4 and IL-5 from Th2 cells, which are
important cytokines for Th2 differentiation [23]. ATRA
can also inhibit differentiation into Th17 cells by down-
regulating the expression of retinoid-related orphan
receptor-gamma t (RORyt) and induce forkhead box P3
(FOXP3)-positive Treg by upregulating the expression of
FOXP3 in vitro [24].

All-trans retinoic acid strongly enhances the produc-
tion of IL-2 from T cells, which, in turn, induces the pro-
liferation of T cells [25, 26]. A previous study demon-
strated that ATRA regulated the migration of T cells into
the gut by inducing the expression of w4f7-integrin and
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Fig. 1 Regulation of Th differentiation by retinoic acid. Retinoic
acid ephances the differentiation of Th2 by inducing the expression
of GATA3, MAF . 14, and 1L-5, and also Treg differentia-
tion through the expression of FOXP3. In contrast, retinoie acid sup-
presses Thl and Th17 differentiation by de fating the expres-
sion of T-bet and RORyt. respectively

CC chemokine receptor 9 (CCR9) on T cells [27]. These
findings indicated that retinoids could regulate Th differ-
entiation as well as the proliferation and migration of T
cells.

B cells

The proliferation of B cells is induced by stimulating the B
cell receptor (BCR). CD38, CD40, CD19, Toll-like recep-
tor (TLR} 4, and TLRY [28-30]. ATRA can also regulate
B cell proliferation as both an inducer and suppressor. The
incubation of B cells with ATRA inhibited their prolifera-
tion due to the stimulation of BCR and TLR4 [31, 32]. In
contrast, ATRA enhanced the proliferation of memory B
cells by stimulating TLR9 [33). The effects of retinoic acid
on B cell proliferation may depend on the B cell subpopu-
lation and co-stimulations.

Activation-induced ~ cytidine deaminase (AID) is
expressed in germinal center B cells and leads to the
somatic hypermutation and class switch recombination of
immunoglobulin genes. The expression of AID in B cells
is induced by stimulations with lipopolysaccharide (LPS),
IL-4, transforming growth factor-ff (TGF-f), IFN-y, and
the CD40 ligand [34]. ATRA also increased the expres-
sion of AID in BCR-stimulated B cells, which suggested
that it plays a positive role in regulating somatic hyper-
mutation and class switch recombination [31]. A previous
study showed that retinoic acid increased TGF-p-promoted
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IgA-class switch recombination [33] and the CD40 ligand
and IL-4-induced IgG-class switch recombination, but
inhibited the CD40 ligand and IL-4-induced IgE-class
switch recombination [31].

Regarding the effects of retinoids on total immunoglob-
ulin production, there are no reports that treatment with
ATRA altered serum immunoglobulin level in patients with
APL.. However, serum IgG2a and IgG2b anti-myosin anti-
body levels, as well as IgG1, IgG2a, and IgG2b anti-col-
lagen antibody levels, were decreased by Am80 in murine
myosin-induced myositis and collagen-induced arthritis,
respectively [10, 1]

Dendritic cells

RAR« and RXRu are highly expressed in human mono-
cyte-derived DCs, whereas murine splenic DCs express all
RAR receptors [36]. ATRA was shown to increase the num-
ber of DCs in the spleen and promoted the expression of
HLA-DR, CDl1lc, and CD1c on epidermal DCs [36]. In the
presence of inflammation, ATRA also induced DC matura-
tion and upregulated the capacity of antigen presentation
through RXR signaling [36], but elicited programmed cell
death in DCs in the absence of an inflammatory stimulation
[36]. ATRA also suppressed the production of IL-12, but
enhanced that of TGF-f and IL-6 from monocytes derived
from DCs [36]. These effects may contribute to the regula-
tion of Th differentiation.

On the other hand, ATRA has been shown to increase
the expression of matrix metalloproteinases in endothelial
cells, which have the potential to boost tumor-specific T
cell responses by increasing the migration of tumor-infil-
trating DCs to draining lymph nodes [37]. Gut-associated
DCs also enhance the differentiation of Treg cells and
production of IgA in an ATRA dose-dependent manner in
vitro [38, 39]. IgA was decreased in the lamina propria of
the small bowel in vitamin A-deficient mice, and the oral
administration of an RAR agonist significantly increased
serum [gA levels [40]. These findings suggested that gut-
associated DCs stimulated with retinoic acid may induce
the production of IgA from B cells. Taken together, these
findings indicate that retinoic acid has several effects, such
as cytokine production, maturation, and B cell stimulation,
on DCs.

Monocytes/macrophages

All-trans retinoic acid was previously shown to induce the
expression of CC chemokine ligand 2 (CCL2) in human
monocytes derived from leukemia patients [41]. ATRA
also induced the production of IL-10 from monocytes/
macrophages, while ATRA suppressed TNF-u and IL-12
from monocytes/macrophages via interactions between

RXR and NF-kB {47-14]. ATRA could also attenuate
inflammation-induced tissue damage by inducing the pro-
duction of plasminogen activator inhibitor-2 in periph-
eral blood mononuclear cells [43]. In addition, ATRA
increased the number of T cells, natural killer cells, and
macrophages in the lungs and spleen, which attenu-
ated severe infections, such as tuberculosis [46]. RARy-
deficient macrophages exhibited the impaired production
of inflammatory cytokines when stimulated with TLR as
well as a defective immune response to Listeria monocy-
togenes [47]. Therefore, retinoids play important roles in
the activation of monocytes/macrophages with inflamma-
tion, including infection.

Neutrophils

Retinoids inhibit the activation of neutrophils by suppress-
ing the production of the superoxide anion and release of
protease [48-51]. In addition, we recently reported that
Am80 could suppress the production of reactive oxygen
species (ROS) and release of elastase from human neu-
trophils by inhibiting mitogen-activated protein kinase
(MAPK) signals in vitro [12]. Am80 could also inhibit the
migration speed and chemotaxis directionality of human
neutrophils in vitro [12]. Neutrophil extracellular traps
(NETs) also play an important role in innate immunity
[52]. However, the role of retinoids in the formation of
NETs remains unknown.

Effects of retinoids on I models of rl

diseases

Several studies demonstrated the efficacy of retinoids in
animal models of autoimmune diseases. Treatments with
13-cis-retinoic acid, ATRA, and Am80 attenuated murine
and rat collagen-induced arthritis [10, 40, 53, 34]. Am80
inhibited Th17 and enhanced Treg differentiation and
decreased anti-collagen antibodies in vivo [i(]. ATRA
decreased the infiltration of macrophages into the glomer-
uli, suppressed the expression of CCL2 in the kidney in
vivo, and inhibited proteinuria and renal involvement, such
as fibrin deposits, necrosis, and crescents in NZB/WF1
mice, which were used as a lupus nephritis model [55]. A
treatment with Am80 also ameliorated murine experimental
autoimmune myositis [11]. We recently reported that Am80
significantly attenuated Candida albicans water-soluble
fraction (CAWS)-induced vasculitis, which is character-
ized by the infiltration of neutrophils into inflamed vessels.
Moreover, Am80 inhibited the migration of transferred
neutrophils into the site of vasculitis in vivo [12]. Thus,
retinoids could be a promising therapeutic target for rheu-
matic disease.
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Current status of retinoid therapy for rheumatic
diseases

Retinoids have regulatory effects on immune cells and
have been shown to improve rheumatic diseases in animal
models. These findings suggest that retinoids may be a new
therapy for rheumatic diseases. To date, four clinical trials
have been conducted on retinoid therapy for rheumatic dis-
eases, including RA, Tupus nephritis, and systemic sclerosis
(Table 1).

In the first trial, RA patients were treated with etreti-
nate, a synthetic retinoid, for 24 weeks. One mg/kg/day
etretinate was administered to 15 RA patients for the first
4 weeks, and then, the dosage was reduced to 0.5 mg/kg/
day. However, 8 of 15 patients discontinued the treatment
by week 12 because of severe liver involvement, and arthri-
tis only improved in three patients [7].

The efficacy of 4-HPR (300 mg/day), a synthetic reti-
noid, was then evaluated in 12 severe and long-standing RA
patients for 24 weeks [8]. Six of the 12 patients withdrew
before the completion of the study because 2 exhibited
toxic effects (visual problems), 2 flare, and 2 gastrointes-
tinal bleeding. Histological changes and metalloproteinase
gene expression were evaluated in synovial tissues pre- and
post-medication using biopsy samples, and no patient met
the predetermined Paulus criteria treatment response. In
addition, no improvements were observed in the laboratory
parameters, except for a modest decrease in C-reactive pro-
tein and no decrease in the mRNAs of metalloproteinases
or collagenase in the synovial tissue.

Retinoids, such as etretinate and 4-HRP, were not effec-
tive in the treatment of RA patients in these studies. However,
Am80, a ligand for RARw and f, but not for RARy (Table 2
[36]), was used to effectively treat murine CIA [10)]. There-
fore, the different structures and binding abilities of retinoids

to RAR or RXR may have affected the efficacy of these treat-
ments. Am80 also induces fewer side effects than ATRA [12].
Therefore, Am80 may represent a possible retinoid treatment
for RA. The effects of Am80 need to be examined in a large
number of patients at several clinical stages of RA.

Seven patients with active lupus nephritis were treated
with ATRA (10 mg/day) for 6 months in an open clinical
trial. Clinical symptoms, proteinuria, and hematuria as
well as serum albumin, creatinine, anti-DNA antibody, and
CHS0 levels were evaluated. Improvements were observed
in the clinical symptoms, such as fever and skin rash, and
laboratory findings, including proteinuria and anti-DNA
antibody levels of four patients. Moreover, they reached the
complete remission criteria of nephrotic syndrome. ATRA
was not effective in the other three patients and was discon-
tinued after 3 months. No patient had adverse effects to the
ATRA therapy [57].

Thirty-one patients with systemic sclerosis (7 were
treated with etretinate monotherapy, 5 with etretinate plus
immunosuppressive therapies, 13 with immunosuppres-
sive therapy only, and 6 with no treatment) were evaluated
using the modified Rodnan total skin thickness score [$8].
A significant improvement was defined as a 75 % reduction
in the score. The skin thickness scores in 6 of the 7 patients
treated with etretinate monotherapy, 3 of 5 with etretinate
plus immunosuppressive therapy, I of 13 with immunosup-
pressive therapy only, and 0 of 6 with none therapy signifi-
cantly improved. These findings suggested that etretinate
may be a useful treatment for skin involvement associated
with systemic sclerosis [38].

Retinoid trials for other rheumatic diseases, including
vasculitis and myositis, have not yet been conducted. Am80
was effective for the treatment of myositis and vasculitis in
animal models [ 11, 12]. Retinoids may also be used to treat
these diseases.

Table 1 Clinical reports of the efficacy of retinoids in the treatment of theumatic discases

Retinoid Discase (number of patients)

Duration Results

Etretinate RA (n = 15)

4-HRP RA (n = 12)

ATRA Lupus nephritis (n = 7)

Etretinate Systemic sclerosis (1 = 31)
Etretinate alone (n = 7)
Etretinate plus immunosuppressive therapics (1 = 5)
Immunosuppressive therapy alone (1 = 13)
Non treatment (2 = 6)

24 weeks Clinical jimprovement (7 = 3)
No change (n = 4)
Withdraw (n = 8)

24 weeks No change (1 == 6)
Withdraw (n = 6)
6 months Clinical improvement (1 = 4)

Withdraw (n = 3)
20-70 months  Clinical improvement
Etretinate alone (n = 6)
Etretinate plus immunosuppressive therapies (1 == 3)
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Table 2 Synthetic retinoids

Retinoid Activity/specilicity Structure
T Pan- asonis
ATRA Pan-RAR agonist co
4-HPR RAR agonist OH
HN :
o
Etretinate Pan-RAR and Pan-RXR agonist ko]
k N
0
(8]
Am80 RARw and p agonist COH

el o

There are currently no ongoing clinical trials on reti-
noids for rheumatic diseases. However, further clinical tri-
als are expected for rheumatic diseases.

Conclusion

Retinoids have immunoregulatory functions, and treat-
ments with retinoids were shown to be effective for arthri-
tis, nephritis, myositis, and vasculitis in experimental ani-
mal models. Some clinical studies confirmed the efficacy
of retinoids for lupus nephritis and systemic sclerosis.
Therefore, retinoids may be a new therapy for rheumatic
diseases; however, evidence for the positive impact of reti-
noids on rheumatic patients is scarce. Further clinical tri-
als are needed to elucidate the efficacy of retinoids for the
treatment of rheumatic diseases.
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Abstract To investigate changes in the risk for serious
infections (SIs) over time in Japanese rheumatoid arthritis
(RA) patients treated with tumor necrosis factor inhibitors
(TNFIs). This prospective cohort study included Japanese
RA patients who began treatment with a TNFI from 2005
to 2007 (2005 group, n = 716, 634.2 patient years [PY])
and from 2008 to 2011 (2008 group, n = 352, 270.1 PY) at
the time or after their enrollment in the registry of Japanese
RA patients on biologics for long-term safety (REAL) data-
base. Patients were observed for 12 months or until discon-
tinuation of their initial TNFI in the REAL database. Drug
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discontinuation reasons and retention rates were analyzed.
Incidence rates of serious adverse events (SAEs) were calcu-
lated with 95 % confidence intervals (CIs). The Cox propor-
tional hazard model was applied to estimate the risk for SIs.
The retention rate in the 2008 group was significantly lower
than the 2005 group (p < 0.001). Discontinuation rates due
to lack of efficacy or good control for the 2008 group were
significantly higher than the 2005 group (p < 0.001). The
crude incidence rate ratios comparing the 2008 group with
the 2005 group for SAEs were 0.93 (95 % CI 0.65-1.34) and
for SIs were 0.50 (0.24-1.03). The 2008 group had signifi-
cantly lower risk for SIs than the 2005 group after adjusting
for covariates (hazard ratio: 0.43 {0.20~0.93]). These results
indicate significant decrease of the risk for SIs with TNFI
treatment over time; this may be explained by evidence-
based risk management of RA patients given TNFls.
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Introduction

Tumor necrosis factor inhibitor (TNFI), the first approved
biological disease-modifying antirheumatic drug (biologi-
cal DMARD), has been widely used to treat patients with
rheumatoid arthritis (RA) [1-3]. In 2003, infliximab (IFX)
was the first approved biological DMARD for treatment
of RA in Japan, followed by etanercept (ETN) in 2005,
adalimumab (ADA) in 2008, golimumab in 2012, and cer-
tolizumab pegol in 2013 [4]. The data from postmarketing
surveillance programs (PMS) implemented for these TNFIs
by pharmaceutical companies [$5-7], and those from pro-
spective cohort studies for RA patients given TNFIs [§~10]
have provided indispensable evidence for clinical practice.
The effectiveness and safety of a drug are strongly
influenced by the selection of patients for whom it is pre-
scribed. The launch of a new drug with indications similar
to those of an older drug creates a situation where patients
with a most suitable profile are “channeled” into the new
therapy, thus creating differences in baseline clinical pro-
files from patients who were treated with the original drug.
Such differences cause potential bias in estimation of drug
effectiveness and safety [11]. The emergence of new clini-
cal evidence leads to changes in the prescription practice
of physicians, which may also over time affect treatment
response or drug safety. It has been reported that treat-
ment responses to TNFIs were significantly improved by
changing patterns in prescriptions of TNFIs [12]. However,
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changes in the safety profile of TNFIs have not been
described.

In this study, we hypothesized that safety profiles of
treatment with TNFIs have improved over time. Thus, we
compared risk for SAEs, including serious infections (SIs)
between patients who started TNFIs from 2005 to 2007,
shortly after the approval of the first TNFI in Japan, and
from 2008 to 2011.

Patients and methods
Database

The registry of Japanese RA patients on biologics for
long-term safety (REAL) is a prospective cohort estab-
lished to investigate the long-term safety of biologicals in
RA patients. Details of the REAL have been previously
described [X]. Briefly, the criteria for enrollment in the
REAL include patients meeting the 1987 American Col-
lege of Rheumatology (ACR) criteria for RA, and starting
or switching to treatment with biologicals or starting, add-
ing or switching to non-biological DMARD:s at the time of
enrollment in the database, which was started in June 2005
and closed in January 2012.

Data were retrieved from the REAL database on March
5, 2012, for this study. The REAL study was approved by
the ethics committees of the participating 27 institutions.
The procedures followed were in accordance with the
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Japanese guidelines for epidemiological studies and with
the Helsinki Declaration of 1975, as revised in 1983. All
patients in the REAL signed an informed consent form at
enrollment in the REAL.

Data collection

Each patient’s recorded baseline data included demogra-
phy, disease activity, physical disability, comorbidities.
treatments, and laboratory data at the beginning of the
observation period. A follow-up form was submitted to the
REAL data center every six months by site investigators
to report occurrence of SAEs, current RA disease activity.
treatments, and laboratory data [8].

Patients

By March 2012, 1,945 RA patients were registered in the
REAL, of these 1,069 patients started administration of
IFX, ETN, or ADA at the time of enrollment or after enroll-
ment in the REAL. Our analysis included 716 patients who
started IFX or ETN in 2005-2007 (2005 group) and 353
patients who started IFX, ETN, or ADA in 2008-2011
(2008 group).

Follow-up

The start date of the observation was the date an initial
TNFI was administered to a patient. Observation was ter-
minated: (1) 12 months after the start of the observation
period, (2) on the date of death or loss to follow-up. (3)
on enrollment in a clinical trial, (4) on the date of the last
administration of TNFL, if therapy with the initial TNFI in
the REAL was discontinued for more than 90 days, (5) on
the date when the initial TNFI in the REAL was changed to
another biologic, or (6) on March 5, 2012, whichever came
first.

Definition of serious adverse events (SAEs)

Our definition of SAEs, including Sls, was in accordance
with the International Conference on Harmonization [{2].
Bacterial infections requiring intravenous administration of
antibiotics and opportunistic infections were also regarded
as Sis [{4].

Statistical analysis

Drug retention rates were calculated by the Kaplan-Meier
method and compared using the log-rank test between the
two groups. Risk factors for Sls during continuous treat-
ment with the TNFI for up to 1 year were identified using
the Cox regression hazard model with the forced entry

method. These statistical analyses were conducted using
SPSS (version 20.0, SPSS Inc.. Chicago, IL USA). All p
values were two-tailed, and p < 0.05 was considered statis-
tically significant.

Results
Baseline characteristics of patients

Baseline data for the two groups are shown in Table |,
Compared with the 2003 group, the 2008 group had shorter
disease duration {(p = 0.001) and lower disease activity
(p = 0.001) and was treated with higher doses of metho-
trexate {p = 0.010) and lower dosage of oral corticoster-
oids (p < 0.001). The rate of previous use of three or more
non-biological DMARDs was lower in the 2008 group
(p = 0.001) (Table 1). The median duration of follow-up
(interquartile [IQR]) was 1.00 (IQR 0.51, 1.00) year in the
2005 group and 1.00 (IQR 1.00, 1.00) year in the 2008
group.

Types and occurrence of SAEs

During the observation period, 103 SAEs and 42 Sls in the
2005 group and 41 SAEs and 9 Sls in the 2008 group were
observed. The crude incidence rate ratio (IRR) comparing
the 2005 group with the 2008 group for all SAEs was 0.93
[95 % confidence interval (95 % CI) 0.65-1.34] and for SIs
was 0.50 (95 % CI0.24-1.03) (Table 2).

Drug discontinuation reasons and retention rates

There were significant differences in the reasons for dis-
continuation between the two groups (p = 0.049 by »°
test). The adjusted residuals indicate that a significantly
higher percentage of patients in the 2008 group discontin-
ued TNFI due to good control {Supplementary Table 1).
The discontinuation rate for the 2008 group due to good
control {p < 0.001. log-rank test) or to lack of efficacy
(p < 0.001, log-rank test) was significantly higher than that
for the 2005 group (Supplementary Figure 1),

Starting years of TNFI associated with risk for serious
infection

We initially performed univariate analyses to compare
patients who did and did not develop Sls (data not shown)
and selected the following variables for multivariate analy-
sis with consideration of medical significance: age, gender,
presence of comorbidities, patient group (2008 vs. 2005),
type of TNFI (monoclonal antibody vs. soluble recep-
tor), and the use of oral corticosteroids at baseline. Cox
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Table 1 Patient characteristics at the start of the observation period

2005 group (n = 716) 2008 group (1 = 352) p value
Age (years) 56.1+£133 579+ 148 0.021
Gender [female (%)] 81.8 81.2 0.814
Discasc duration (ycars)* 7.0 (2.9, 14.0) 4.9(1.8,12.6) 0.001
DAS28(3/CRP) (number) 4.6+ 1.2(n=702) 43 £ 1.3 (1 =313) 0.001
Steinbrocker’s stage Il or IV [CON 53.6 37.5 <0.001
Steinbrocket's class 3 or 4 (%) 29.5 21.0 0.003
Previous biologicals use (%) 11.2 17.3 0.005
Number of previous non-biological DMARDs >3 (%) 51.0 355 <0.001
MTX use (%) 68.6 80.7 <0.001
MTX dosage (mg/week) 75%21 8.0x24 0.010
Oral cotticosteroid use (%) 712 537 <0.001
Conrticosteroid (mg/day)¢ 58428 51+£25 <0.001
IFX use (%) 45.3 38.9 <0.001
ETN use (%) 54.7 26.7
ADA use (%) 0 344
Any comorbiditics (%) 32.1 33.0 0.785
Chronic pulmonary discases (%)" 212 219 0.809
Diabetes mellitus (%) 11.2 10.5 0.745
Liver diseases (%) 4.9 4.5 (.805
Kidney discases (%) 36 1.1 0.020
TMP-SMX use (%) 24 19.0 <0.001

TNFI tumor necrosis factor inhibitor, DAS28 disease activity score including 28-joint count, CRP C-reactive protein, DMARDs diseasc-modify-
ing antirheumatic drugs, MTX methotrexate, JFX infliximab, ADA adalimumab, ETN etanercept, TMP-SMX trimethoprim-sulfamethoxazole
Values are mean 1 SD unless otherwise indicated. For univariate analysis, the chi-square test for categorical variables and Mann~Whitney test

were used to compare continuous variables between the two groups
* Values are median (interquartile)
ification was used to define RA di

® Steinbrocker cl

stages and ¢

¢ The oral corticosteroid dose was converted to the equivalent prednisolone dosage

4 Pulmonary
and bronchicctas

regression models reveal that the 2008 group had signifi-
cantly lower risk for SIs than the 2005 group (hazard ratio:
0.43 [95 % CI 0.20-0.93], p = 0.032) after adjusting for
the covariates (Table 3).

Comparison of disease activities between the groups

In patients with DAS28 (3/CRP) data at baseline and year
1 (n = 540 for 2005 group, n = 178 for 2008 group), the
2005 group had significantly higher DAS28 (3/CRP) scores
than the 2008 group at both times (mean =+ standard devia-
tion in 2005 vs. 2008; 4.59 & 1.23 vs. 4.32 = 1.25 at base-
line, p = 0.011; 2.80 £ 1.08 vs. 2.50 & 0.97 at year I,
p = 0.001). A significantly higher percentage of patients
in the 2008 group achieved low disease activity (DAS28
[3/CRP] <3.2) at year | compared with the 2005 group
(80.9 % in the 2008 group, 68.7 % in the 2005 group,
p =0.002).

@ Springer

ases include interstitial pneumonia, chronic obstructive pulmonary disease, bronchial asthma, prior pulmonary tuberculosis,

Discussion

In this study, the IR of SIs in the 2005 group was consistent
with previous reports [9, 14], while the 2008 group showed
a 50 % reduction in the IR of Sls, without statistical sig-
nificance. Patients in the 2005 group appeared to be more
susceptible to SIs than those in the 2008 group because of
higher dosage of oral corticosteroids, higher disease activ-
ity, more advanced disease, and poorer physical function at
baseline, all of which were identified as risk factors for SIs
[§, [3]. After adjusting for these baseline characteristics,
patients in the 2008 group had significantly lower risk for
Sls (Table 3) than those in the 2005 group.

Several factors can be considered as determinants of the
decreased risk for SIs. The first contributing factor is the
safety results from PMS studies. The PMS studies of TNFIs
in Japan revealed the types, incidence rates, and risk fac-
tors for infections [5-7]. Risk factors, such as older age,
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Table 2 Number and incidence INFL 2005 INEL 2008

rates of serious adverse events

TNFI 2008 vs. TNFI

PSP 6342 PY 270.1PY 2008, Crude IRR*
in rheumatoid arthritis patients (95 % CIy
IR (/1001Y) IR (/100PY)
ALL SALs
Number of events 103 41 0.93 (0.65-1.34)

IR/100 PY (95 % CI)
Serious infections (Sls)

Number of events 42
6.62 (4.84-8.36)
Serious respiratory tract infections

IR/100 PY (95 % C

Number of events 27
4.26 (2.87-6.10)

IR/100 PY (95 % CI)
Other infections

TNFI tumor necrosis factor
inhibitor, PY patient year, IR
incidence rate, IRR incidence
rale ratio, CI confidence
interval, SAE serious adverse
event IR/100 PY (95 % CI)
# Crude incidence rate per 100 Malignancies
PY and crude incidence rate Number of events 3
ratio with their 95 % CI were )
calculated for each category of IR/100 PY (95 % CD)
serious adverse events oceurring Others
from the first to the last dose
of infliximab, ctancreept, or
adalimumab

IR/100 PY (95 % CI)

IR/100 PY (95 % CI)

16.2 (13.3-19.0)

Number of events 15

2.37 (1.38-3.80)

Pulmonary diseases except for infection
Number of events 1

1.73 (0.92-3.00)

0.47 (0.13-1.26)

Number of events 47
7.41(5.51-9.76)

152 (11.1-20.4)

9 0.50 (0.24-1.03)
333 (1,65-6.08)

5 0.43 (0.17-1.13)
1.85 (0.70-4.06)

4 0.63 (0.21-1.89)
1.48 (0.50-3.52)

6 1.28 (0.47-3.46)
2.22 (0.92-4.58)

5 3.91(0.93-16.38)
1.85 (0.70-4.06)

21 1.05 (0.63~1.75)
7.77 (4.96-11.66)

Table 3 Multivariate analysis of independent risk factors for serious
infections in theumatoid arthritis patients

All values at baseline Hazard ratio (95 %CI)  p value

Age by decade 1.76 (1.31-2.39) <0.001
Gender (male) 0.45(0.18-1.16) 0.099
Steinbrocker’s class 3 or 4 1.26 (0.68-2.32) 0.460
(vs. lor2)
Comorbidities yes (vs. no)* 2.23 (1.18-4.22) 0.014
Concomitant use of corticosteroid  1.79 (0.85-3.75) 0.126
2008 group (vs. 2005) 0.43 (0.20-0.93) 0.032
IFX or ADA (vs. ETN) 1.63 (0.88-3.03) 0.124

Cox hazard model analysis, adjusted for the variables included in the
table

CI confidence interval, JFX infliximab, ADA adalimumab. ETN
etanercept

# Comorbidities include pulmonary, liver, kidney discases, and diabe-
tes mellitus

presence of diabetes mellitus, or pulmonary diseases, were
incorporated into the Japanese guidelines for treatment with
TNFIs [3] and updated periodically thereafter. Japanese
guidelines for treatments with TNFIs state that administra-
tion of TNFIs to patients with any of the above risk factors
should be carefully considered. The guidelines have enabled

Japanese rheumatologists to select appropriate patients
for TNFI therapy. The second factor is the improved risk
management of RA patients given these drugs. Bacterial
pneumonia has been identified as the most frequent infec-
tion in Japanese RA patients given TNFIs, and Japanese
RA patients have relatively higher incidence of tuberculo-
sis and Pneumocystis jirovecii pneumonia than RA patients
in other countries [5~7]. Hence, pneumococcal vaccination
and chemoprophylaxis with isoniazid or trimethoprim-
sulfamethoxazole (TMP-SMX) for high-risk patients have
been recommended in the Japanese guidelines for treatment
with TNFIs since 2007 [3]. In the patient population of this
study, a significantly higher percentage of patients received
TMP-SMX in the 2008 group compared with the 2005
group (Table ). The third factor is the approval of alterna-
tive treatments, such as tocilizumab and abatacept. In this
population, the discontinuation rate for the 2008 group due
to lack of efficacy was significantly higher than that for the
2005 group (Supplementary Figure 1). In the 2008 group,
some patients whose disease activities could not be suffi-
ciently controlled by TNFIs were switched to other classes
of biological DMARDSs and excluded from this analysis.
Recent changes in treatment for RA are possible unad-
justed confounders of the lower risk for SIs seen in the
2008 group. The ACR 2008 recommendations for the use

@ Springer



— V62 —

1734

Rheumatol Int (2014) 34:1729-1736

of non-biological and biological DMARDs in RA [15],
the European League Against Rheumatism (EULAR)
2010 recommendations for the management of RA [17],
and the updated guideline for TNFIs by the Japan College
of Rheumatology (JCR) in 2012 [18] have enabled rheu-
matologists to begin treatment with a TNFI at an earlier
stage. Although patients in the 2008 group in this study
were not influenced by the updated JCR guideline, because
they started TNFIs between 2008 and 2011, the ACR
and EULAR recommendations may have influenced the
use of TNFIs in that group. Disease duration in the 2008
group was significantly shorter than that in the 2005 group
(Table i), indicating that the rheumatologists in the par-
ticipating institutions started TNFIs for their RA patients
earlier in the course of disease. Generally, patients with
shorter disease durations tend to have lower prevalence of
comorbidities, earlier stages of RA, better physical func-
tion, and lower rates and dosages of concomitant corti-
costeroids than those with longer disease duration [19].
However, we had already incorporated these factors as
covariates in the multivariate analysis.

There are limitations to this study. First, the number of
patients in the 2008 group was smaller than in the 2005
group, which could affect the sensitivity of the analysis.
Second, we could not adjust for control of disease activity
in the multivariate analysis because data were lacking for
year 1 in some patients. Because it has been reported that
higher disease activity was associated with the develop-
ment of Sls [§, 2], better control of disease activity in the
2008 group may have led to reduced risk for Sis. Third, we
could not use the history of previous infections and health
assessment questionnaire scores as covariates in the mul-
tivariate analysis because the REAL database lacks these
data.

In conclusion, the adjusted risk for Sls in Japanese RA
patients receiving TNFIs decreased significantly over time.
This observation may partly be explained by the progress
in evidence-based risk management during treatment with
TNFI and indicates that continuing pharmacovigilance
activity is a requisite for proper use of TNFIs in clinical
practice.
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Abstract

Introduction: Lysophosphatidic acid (LPA) is a bioactive lipid that binds to G protein-coupled receptors (LPA; ¢).
Recently, we reported that abrogation of LPA receptor 1 (LPA;) ameliorated murine collagen-induced arthvitis, probably
via inhibition of inflammatory cell migration, Th17 differentiation and osteoclastogenesis. In this study, we examined the
importance of the LPA-LPA, axis in cell proliferation, cytokine/chemokine production and lymphocyte transmigration in
fibroblast-fike synoviocytes (FLSs) obtained from the synovial tissues of rheumatoid arthritis (RA) patients.

Methods: FLSs were prepared from synovial tissues of RA patients. Expression of LPA; 4 was examined by quantitative
real-time RT-PCR. Cell surface LPA; expression was analyzed by flow cytometry. Cell proliferation was analyzed using a
cell-counting kit. Production of interleukin 6 (L-6), vascular endothelial growth factor (VEGF), chemokine (C-C motif)
ligand 2 (CCL2), metalloproteinase 3 (MMP-3) and chemokine (C-X-C motif) ligand 12 (CXCL12) was measured by
enzyme-linked immunosorbent assay. Pseudoemperipolesis was evaluated using a coculture of RA FLSs and T or
B cells. Cell motility was examined by scrape motility assay. Expression of adhesion molecules was determined by

flow cytometry.

Results: The expression of LPA; mRNA and cell surface LPA; was higher in RA FLSs than in FLSs from osteoarthritis
tissue, Stimulation with LPA enhanced the proliferation of RA FLSs and the production of IL-6, VEGF, CCL.2 and MMP-3
by FLSs, which were suppressed by an LPA; inhibitor (LA-01). Ki16425, another LPA; antagonist, also suppressed IL.-6
production by LPA-stimulated RA FLSs. However, the production of CXCL12 was not altered by stimulation with LPA.
LPA induced the pseudoemperipolesis of T and B cells cocultured with RA FLSs, which was suppressed by LPA;
inhibition. In addition, LPA enhanced the migration of RA FLSs and expression of vascular cell adhesion molecule
and intercellular adhesion molecule on RA FLSs, which were also inhibited by an LPA; antagonist.

Conclusions: Collectively, these results indicate that LPA-LPA, signaling contributes to the activation of RA FLSs.

Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory dis-
ease characterized by synovial hyperplasia with prolifera-
tion of fibroblast-like synoviocytes (FLSs), angiogenesis,
infiltration of inflammatory cells such as lymphocytes
and macrophages, and bone destruction of multiple joints
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[1]. FLSs are especially responsible for inflammation
through cytokine and chemokine production and are
also key cells of the invasive synovium, suggesting that
they play a major role in the initiation and perpetuation
of the destruction of inflamed joints [2].
Lysophosphatidic acid (LPA) is a bioactive lipid that
binds to its specific cell surface G protein—coupled re-
ceptors (LPA;_g). LPA is generated via the hydrolysis of
lysophosphatidylcholine by a secretory protein, autotaxin
(ATX), which exhibits lysophospholipase D activity [3].
ATX was shown to be highly expressed in tumor cells,
including neuroblastoma, breast cancer and renal cell
carcinoma [4-6]. Moreover, LPA was reported to induce
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the production of interleukin 8 (IL-8) and vascular endo-
thelial growth factor (VEGF) by cancer cells, angiogen-
esis and cancer growth [7-11].

It has previously been shown that expression of
ATX by FLSs in the RA synovium and concentration
of ATX in the RA synovial fluid are increased {12]. In
addition, LPA;_; mRNA has been reported to be ex-
pressed in RA FLSs, and incubation with LPA in-
duced cell motility and cytokine expression by the
FLSs, indicating that LPA may contribute to the
pathogenesis of RA by stimulation of FLSs [13,14].
We recently demonstrated that treatment with an
LPA receptor 1 (LPA;) antagonist, LA-01, ameliorated
murine collagen-induced arthritis, probably via inhib-
ition of inflammatory cell migration, Th17 differenti-
ation and osteoclastogenesis [15].

In this study, we extensively analyzed the stimulatory
effects of LPA for RA FLSs, as well as the effects of an
LPA,; antagonist, LA-01, against this stimulation.

Methods

Specimens

Synovial tissues were obtained from RA patients (n = 10)
who fulfilled American College of Rheumatology criteria
[16] and from patients with osteoarthritis (OA) (n = 5).
RA patients were a median (range) of 67 years old
(45 to 80), and had a disease duration of 14 years (2 to 30)
and C-reactive protein level of 0.68 mg/dl (0.0 to
2.85). Seven patients (70%) were positive for rheuma-
toid factor, and seven (70%) were positive for antici-
trullinated protein antibodies. All patients provided
informed consent. The experimental protocol was ap-
proved by the ethics committee of the Tokyo Medical and
Dental University.

Fibroblast-like synoviocytes

Synovial tissues from RA patients were minced and in-
cubated with 0.5 mg/ml collagenase (Sigma-Aldrich, St
Louis, MO, USA) for 1 hour at 37°C, then passed through
a metal screen to obtain single-cell suspensions. Harvested
cells were plated in cell culture plates and incubated with
Dulbecco’s modified Eagle’s medium (DMEM) (Sigma-
Aldrich) supplemented with 10% fetal calf serum (FCS)
(Sigma-Aldrich). Adherent cells were maintained in the
medium as FLSs and were used after five passages in the
following experiments [17].

RT-PCR

Total RNA was prepared from the FLSs of RA tissue
(n = 10) and OA synovial tissue (1 = 5), and first-
strand ¢DNA was synthesized. Quantitative real-time RT-
PCR was performed as described previously [18]. ¢cDNA
was amplified with primers for LPA, (sense, 5'-ACC CAA
TAC TCG GAG ACT GAC TGT-3'; antisense, 5'-CGT
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CAG GCT GGT GTC AAT GA-3'), LPA;, (sense, 5'-TCA
TCA TGG GCC AGT GCT ACT-3'; antisense, 5'-GTG
GGA GCT GAG CTC TTT GC-3), LPA; (sense, 5'-CTT
GAC TGC TTC CCT CAC CAA-3’; antisense, 5-CGC
ATC CTC ATG ATT GAC ATG-3’), LPA, (sense, 5'-TCC
TCA GTG GCG GTA TTT CAG-3; antisense, 5'-AAG
CAG GTG GTG GTT GCA TT-3"), LPA; (sense, 5'-GGT
GGT GAG CGT GTA CAT GTG T-3'; antisense, 5'-AGT
GGT GCA GTG CGT AG TAG GA-3), LPA; (sense, 5°-
AGA ACC AAA AGA AAT GCA AAG ATT G-3'; anti-
sense, 5'-ACG GCG GGT GCA CTT C-3") and 185 rRNA
(sense, 5'-AAC CAG ACA AAT CGC TCC AC-3'; anti-
sense, 5'-ACT CAA CAC GGG AAA CCT CA-3'). 185
rRNA was used as an internal control to standardize the
amount of sample mRNA, and the relative expression of
real-time PCR products was determined.

Cell surface expression of lysophosphatidic acid receptor
1 on fibroblast-like synoviocytes

FLSs were stained with anti-LPA; monoclonal antibody
(mAb) (1G6; LSBio, Seattle, WA, USA) as a first anti-
body, and phycoerythrin-conjugated anti-mouse immuno-
globulin G (IgG) antibody (BioLegend, San Diego, CA,
USA) as a second antibody. Mouse IgG2b (BioLegend) was
used as an isotype control. Cells were then analyzed by
flow cytometry (FACSCalibur; BD Biosciences, San Jose,
CA, USA).

Proliferation assay

FLSs were plated at a density of 2 x 10° cells/well in
96-well flat-bottom plates. Cells were incubated with
a selective LPA; antagonist (LA-01 (0, 1 or 10 nM);
provided by Ono Pharmaceutical, Osaka, Japan) [15,19]
for 30 minutes and then stimulated with LPA (Cayman
Chemical, Ann Arbor, MI, USA) (0, 1 or 10 yM) in FCS-
free DMEM at 37°C for 72 hours. The proliferation of
FLSs was measured by using a cell-counting kit with
WST-8 (2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-
5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt;
Dojindo, Kumamoto, Japan) according to the manufac-
turer’s protocol. LPA;, LPA, and LPA; share 50% to
57% amino acid identity in humans and comprise the
endothelial cell differentiation gene (Edg) family of LPA
receptors [20]. The half-maximal inhibitory concentra-
tion (IC50) of LA-01 was 0.086, 2.8 and 0.90 pmol/L
for LPA;, LPA, and LPA;, respectively, which was de-
termined by LPA;-, LPA,- or LPAj-transfected CHO
cells [15,19]. LPA4_¢ receptors have been classified into
the non-Edg family of LPA receptors and are structur-
ally distant from the Edg family of LPA receptors {20].
The ICs, of LA-01 for LPA, 4 was not determined. In-
cubation with LA-01 did not affect viability of the FLSs
(data not shown).
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Ligureg 1 Expr£ssion ufﬁygoghosphatidic acid receptors and the effect of lysophosphatidic acid receptor 1 on proliferation and production B * M
of ir y medi; inrt id arthritis fibroblast-like synoviocytes. The expression levels of lysophosphatidic acid receptor 1 - %
through 6 (LPA; ) mRNA in fibroblast-like synoviocytes (FLSs) derived from the rheumatoid arthritis (RA) synovium (n = 10) were compared to those in 150 L
FLSs from osteoarthritis (OA) synovium (n = 5) by real-time RT-PCR (A). Data were derived from samples from multiple individuals. Data are presented “ -
as the mean + SEM. *P < 0.05 for RA vs OA. Cell surface expression of LPA; on RA (n = 5) and OA (n = 3) FLSs was analyzed by flow cytometry E’ E
(B). Filled histogram (gray): isotype control; open histogram (black fine): LPA;. Representative histograms are shown. RA FLSs were cultured >
with lysophosphatidic acid (LPA) for 72 hours (C). FLSs were preincubated with an LPAT inhibitor, LA-01, for 30 minutes,then stimulated with 8 100
10 M LPA for 72 hours (D). Control: no stimulation with LPA, Cell proliferation was measured by using a cell counting kit {C) and (D). RA FLSs —
were cultured with LPA for 24 hours. Concentrations of interleukin 6 (IL-6) and chemokine (C-C motif} ligand 2 (CCL2) in the culture supernatant 8
were measured by enzyme-linked immunosorbent assay (ELISA) (E) and (G). FLSs were preincubated with LA-01 for 30 minutes, then stimulated with -
10 pM LPA for 24 hours. Concentrations of L-6, CCL2, vascular endothelial growth factor (VEGF), matrixmetalloproteinase (MMP-3) and CXCL12 in the +
culture supernatant were measured by ELISA (F), and (H) through (K). Control: no stimulation with LPA. Data are presented as the means (£SEM) of < 50
one of three independent experiments analyzed in triplicate. *P < 005 vs control or LA-01 0 nM (C) through (K). 8
o ==l
Enzyme-linked immunosorbent assay MD, USA) at 0 and 48 hours, and the ratio was then control 0 1 10
RA FLSs were cultured overnight in 96-well plates (2 x 10*  calculated (cell-free area at 48 hours per cell-free area LA-01 (nM)
cells/well), then incubated with LA-01 (0, 1 or 10 nM) or  at 0 hours).
Kil6425 (2 nM) (Cayman Chemical) 30 minutes before D LPA (10 uM)
stimulation with LPA (10 pM) in FCS-free DMEM at Expression of vascular cell adhesion molecule and * *
37°C for 24 hours. Protein levels of IL-6, chemokine intercellutar adhesion molecule on RA fibroblast-like 200
(C-C motif) ligand 2 (CCL2), VEGE, matrix metalloprotein-  synoviocytes
ase 3 (MMP-3) and chemokine (C-X-C motif) ligand 12 F[Ss were stimulated with LPA (10 pM) 30 minutes after 2
(CXCL12) in the culture supernatant were assessed by  adding LA-01 (0, 1 or 10 nM) in FCS-free DMEM at 37°C g 150
using ELISA kits (R&D Systems, Minneapolis, MN, USA)  for 12 hours. Cells were stained with allophycocyanin- S
according to the instructions supplied by the manufacturer.  conjugated mAb against vascular cell adhesion molecule =100
(anti-VCAM, clone STA; BioLegend) or phycoerythrin- o
Pseudoemperipolesis conjugated mAb against intracellular adhesion molecule L__
FLSs were seeded onto 96-well plates (2 x 10 cells/well) ~ (anti-ICAM, clone HA58; eBioscience, San Diego, CA, o 50
and cultured for 48 hours. CD4- and CD8-positive (CD4' ~ USA). Allophycocyanin- or phycoerythrin-conjugated 8
and CD8', respectively) T cells and CD19' B cells were ~mouse IgG1 (BioLegend) was used as an isotype control.
purified from human peripheral blood of healthy volun- ~ Cells were then analyzed by flow cytometry (Accuri C6 0 T
teers by using MACS microbeads (>95% purity; Miltenyi ~ Flow Cytometer; BD Biosciences). 1 10
Biotec, Auburn, CA, USA) and added to the FLS-cultured LA-01 (nM)
wells (1 x 10° cells/well). The cells were treated with LA-  Statistical analysis 250 LPA (10 uM)
01 (0, 1 or 10 nM) for 30 minutes, followed by stimulation  Data are expressed as mean * standard error of the —_._.E__
with LPA (10 uM) in FCS-free DMEM. After 12 hours, mean (SEM). The comparison of the data from the two *
the wells were washed three times with medium. Pseu-  groups was conducted by using Student’s t-test. P-values £ 200
doemperipolesis was assessed by counting the number less than 0.05 were considered significant. g
of cells beneath FLSs in three independent fields under S 150
a microscope. Results = .
Expression of lysophosphatidic acid receptors in RA c‘é
Scrape motility assay fibroblast-like synoviocytes + 100
RA FLSs were plated at a density of 1 x 10° cells/ml in ~ The expression of LPA;_¢ mRNA in FLSs from RA and 9_\
12-well plates in DMEM with 10% FCS. After over- OA patients was analyzed by quantitative real-time RT- a
night incubation, FLSs was washed twice with FCS-free  PCR. The expression of LPA; mRNA in RA FLSs was o 50
medium. The tip of a plastic pipette was drawn across  significantly higher than that in OA FLSs (Figure 1A).
the center of the well to produce a scraped area. Culture  The expression of LPA; and LPA, was also significantly 0 =
wells were washed twice with PBS, and free cells were re-  higher in RA FLSs than that in OA FLSs, although the 1 10
moved. After pretreatment with LA-01 (0, 1 or 10 nM)  ratios of LPA; and LPA, expression in RA FLSs to OA — e
for 30 minutes, cells were incubated with LPA (10 pM) in  FLSs were smaller than those of LPA; expression. Cell LA-01 (nM)
FCS-free DMEM. A cell-free area was measured by using  surface LPA; expression was analyzed by flow cytometry. Figure 2 (See legend on next page)
Image] software (National Institutes of Health, Bethesda, ~RA FLSs were expressed LPA; on the cell surface, and ~




