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Biologic-free remission of established rheumatoid
arthritis after discontinuation of abatacept:

a prospective, multicentre, observational

study in Japan

Tsutomu Takeuchi', Tsukasa Matsubara?, Shuji Ohta®, Masaya Mukai®,
Koichi Amano®, Shigeto Tohma®, Yoshiya Tanaka’, Hisashi Yamanaka® and
Nobuyuki Miyasaka®

Abstract

Objective. The aim of this study was to determine whether biologic-free remission of RA is possible with
discontinuation of abatacept.

Methods. Japanese RA patients in 28-joint DAS with CRP (DAS28-CRP) remission (<2.3) after >2 years of
abatacept treatment in a phase 1l study and its long-term extension entered this 52 week, multicentre,
non-blinded, prospective, observational study. At enrolment, the patients were offered the option to con-
tinue abatacept or not. The primary endpoint was the proportion of patients who remained biologic-free at
52 weeks after discontinuation. Clinical, functional and structural outcomes were compared between
those who continued and those who discontinued abatacept.

Results. Of 51 patients enrolled, 34 discontinued and 17 continued abatacept treatment. After 52
weeks, 22 of the 34 patients (64.7%) remained biologic-free. Compared with the continuation
group, the discontinuation group had a similar remission rate (41.2% vs 64.7%, P=0.144) although
“they had a significantly higher mean DAS28-CRP score at week 52 (2.9 vs 2.0, P=0.012). The two
groups were also similar with regard to mean HAQ Disability Index (HAQ-DI) score (0.6 for both,
P =0.920), mean change in total Sharp score (ATSS; 0.80 vs 0.32, P=0.374) and proportion of patients
in radiographic remission (ATSS < 0.5) at the endpoint (64.3% vs 70.6%, P=0.752). Those attaining
DAS28-CRP < 2.3 or <2.7 without abatacept at the endpoint had significantly lower HAQ-DI score and/
or CRP at enrolment. Non-serious adverse events occurred in three patients who continued or resumed
abatacept. .

Conclusion. Biologic-free remission of RA is possible in some patients after attaining clinical remission
with abatacept. Lower baseline HAQ-DI- or CRP may predict maintenance of remission or low disease
activity after discontinuation of abatacept.

Trial registration: UMIN Clinical Trials Registry, hittp://www.umin.ac.jp/ctr/ (UMINOO0004137).

Key words: rheumatoid arthritis, abatacept, biologic-free remission, observational study.
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Introduction

RA is a systemic inflammatory disease characterized by
polyarthritis and progressive joint destruction. In RA,
synovial monocyte-/macrophage-like cells and dendritic
cells serve as antigen-presenting cells (APCs) due to
their expression of antigen-MHC class Il complexes and
co-stimulatory molecules such as CD80 and CD86 [1].
Activated CD4* T cells expressing CD28 significantly infil-
trate into the synovial membrane of affected joints and
exacerbate synovitis and joint destruction by secreting
inflammatory cytokines and activating synovial cells and
osteoclasts [2-4]. The activation of CD4* T cells is there-
fore an important stage in the development of rheumatic
synovitis, with the CD28-mediated co-stimulatory signal
being required for full T cell activation and playing a
major role in the immunopathological process of RA.

Abatacept is a genetically engineered humanized fusion
protein consisting of the extracellular domain of human
cytotoxic T lymphocyte-associated molecule 4 (CTLA-4)
connected to a modified Fc region (hinge-CH2-CH3
domain) of human immunoglobulin G-1. Abatacept is a
novel anti-rheumatic drug that acts by modulating the
activation of naive T cells through the competitive binding
of co-stimulation molecules expressed on APCs (CD80
and CD86) and blockade of CD4* T cell co-stimulation
via CD28 [5]. : :

Abatacept has been reported to control disease activity,
‘prevent or delay joint destruction and improve quality of
life [6-12]. Further, abatacept exhibits similar efficacy
in Japanese MTX-intolerant patients with active RA,
achieving clinical remission [28-joint DAS with CRP
(DAS28-CRP) <2.6] in 24.6% of patients after 24 weeks
[7]. Due to the high cost of biologic DMARDs and
concerns regarding their long-term safety, the potential
for biologic-free remission has been identified as an
issue for further investigation [13, 14]. No previous studies
have addressed this potential therapeutic application of
abatacept despite evidence of its ability to suppress
CD4* T cell activation in autoimmune diseases such as
RA. :

Thus we conducted the present study in Japanese RA
patients who had completed a phase Il study of abatacept
[7] and its long-term extension in order to determine
- whether clinical remission attained with the drug was
sustained following its discontinuation.

Methods

Before enrolment in this study, written informed consent
was obtained from each participating patient according to
the Declaration of Helsinki (updated 2008). Prior to the
start of the study, the institutional review board of each
centre reviewed and approved the study.

Study design and patients

In the previous phase Il study [7], 194 Japanese RA pa-
tients received double-blind treatment with abatacept or
placebo for 24 weeks in addition to prior MTX therapy and
174 of them entered its long-term extension and received

open-label abatacept for a mean of 37.7 months (range
3.6-45.1). Those who had completed the phase li study [7]
and its long-term extension were eligible for this mutti-
centre, non-blinded, prospective, observational study if
they were in clinical remission (DAS28-CRP <2.3) and
not receiving any other biologic therapy at enrolment.
Inclusion criteria for the phase Il study were age >20
years; fulfilment of the 1987 ACR criteria for the diagnosis
of RA with a functional status of class |, Il or llI; previous
treatment with MTX at 6-8 mg/week for at least 12 weeks
and one or more of the following: >10 swollen joints
(66-joint count), >12 tender joints (68-joint count) or
CRP > 1.0 mg/dl.

Procedures

At enrolment, patients were offered the option to con-
tinue or discontinue abatacept during the study. Those
who discontinued abatacept treatment (discontinuation
group) were periodically followed up for disease activity.
Those who chose to continue abatacept (continuation
group) were treated with the drug every 4 weeks at its
approved dosage and received similar follow-up. Abata-
cept could be restarted at a fixed dose of 10 mg/kg in
response to a sign of relapse (DAS28-CRP > 2.7 at two
consecutive visits) or at the investigator's discretion.
If restarted after an interval of <12 weeks, adminis-
tration was every 4 weeks, whereas if started after an inter-
val of >12 weeks, the first two doses were administered
every 2 weeks and subsequent doses every 4 weeks.

During the study, dose modifications of non-biologic
DMARDs (e.g. MTX) and glucocorticoids were allowed at
the investigator’s discretion. Concomitant administration
of NSAIDs was permitted, but that of biologic agents was
not.

Efficacy outcomes

The primary outcome measure of this study was the
proportion of patients who remained biologic-free at 52
weeks after discontinuation of abatacept. Secondary
and tertiary outcomes were efficacy and safety,
respectively.

RA disease activity was assessed in terms of DAS28-
CRP and DAS28-ESR at weeks 0, 4, 12, 24, 36 and 52. if a
patient resumed abatacept treatment, this assessment

‘'was made at the time of resumption as well as after 12

and 24 weeks.

In accordance with DAS28-CRP scores, disease activity
was classified as remission (<2.3), low (<2.3 to <2.7),
moderate (<2.7 to <4.1) or high (>4.1) [15]. The propor-
tion of patients in each disease activity class at each spe-
cified time and the proportion of patients in DAS28-CRP
remission (<2.3) at week 52 were calculated.

Similarly, disease activity was classified by DAS28-ESR
as remission (<2.6), low (LDA; <2.6 to <3.2), medium
(MDA; <32 to <5.1) or high (HAD; >5.1) [15]. To
assess disease impact on a patient’s level of functional
ability, the HAQ Disability Index (HAQ-DI) was determined
at weeks 0, 4, 12, 24, 36 and 52.
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Abatacept promotes biclogic-free remission of RA

Radiographic progression of joint destruction was as-
sessed in terms of van der Heijde-modified total Sharp
score (MTSS) [16, 17] at weeks 0 and 52 or at the time
of withdrawal from the study, where possible. Changes
from baseline in TSS (ATSS), joint erosion (AJE) score
and joint space narrowing (AJSN) score at week 52
were determined. The proportion of patients with no
(ATSS < 0), little (ATSS < 0.5; defined as radiographic
remission) and rapid radiographic progression (RRP;
ATSS =5) [18] was calculated.

Time to abatacept treatment resumption

The mean time to resumption of abatacept treatment was
determined in the discontinuation group.

Safety

Patients remaining on abatacept were monitored for ad-
verse events (AEs) throughout the study period. in the
discontinuation group, AE monitoring was done only if
and after abatacept was resumed following relapse. To
investigate the relationship between the immunogenicity
of abatacept and its tolerability, the anti-abatacept anti-
body titre in blood was measured at the time of discon-
tinuation, time of resumption and 24 weeks. after
resumption of abatacept, if applicable.

Statistical analysis

Missing data were imputed by linear extrapolation (radio-
graphic assessments) or last observation carried forward
(LOCF) (other efficacy variables). Continuous metric data
were summarized in terms of descriptive statistics and
were expressed as the mean (s.0.). Data between the
two groups were conipared using Wilcoxon’s rank sum
test (demographic and baseline characteristics, DAS28,
HAQ-DI, ATSS, AJE and AJSN) or Fisher's exact test

Fie. 1 Patient disposition

(proportion of patients in DAS28-CRP remission at week
52 and the proportions of patients with ATSS <0, <0.5
and >5).

Results

Patient disposition and baseline characteristics

Fifty-one consenting patients were enrolled and chose to
either discontinue (n=234) or continue (n=17) abatacept.

- Nine of the 34 patients from the discontinuation group

restarted abatacept at the investigator’s discretion (7=8)
or due to relapse (n=1). Six patients from the discontinu-
ation group (with an additional patient withdrawn after
resumption) and two from the continuation group dropped
out of the study, leaving a total of 28 and 15 patients,
respectively. Nineteen patients from the discontinuation
group remained biologic-free at week 52 (Fig. 1). The
demographic and baseline characteristics of the 51
patients enrolled are summarized in Table 1. The two
groups had comparable baseline characteristics, except
for significantly shorter disease duration and significantly
less joint damage in terms of JSN and TSS in those who
discontinued abatacept at enrolment (P <0.05 for all
comparisons).

Efficacy outcomes

Of the 34 patients who discontinued abatacept at enrol-
ment, 22 patients from an intention-to-treat (ITT) analysis
(64.7%) remained biologic-free after 52 weeks. While the
mean DAS28-CRP score remained constant in the con-
tinuation group, it gradually increased over time in the
discontinuation group, leading to a significant difference
between the groups at week 52 (2.9 vs 2.0, P=0.012).
This was also true when the subgroup of discontinuing
patients who remained in the study and never restarted

initiation of any other biologic: 3
Economic reasons: 1
Another reasons: 2

ABARestart ' Discontinuation
n=3* n=19
*One patient drapped
outafter restart
{Transfer to another hospital)

Enroliment
n=51
Discontinuation Continuation
n=34 n=17
Dropped out Droppedout
n=6 - n=2

initiation of any other biologic: 1
Economic reasons: 1

Continuation
n=15
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TasLe 1 Patient characteristics

Age, mean (s.p.}, years

Male, n (%)

Female, n (%)

RA disease duration, mean (s.n.), years
DAS28-CRP, mean (s.n.)

Tender joint count (0-28), mean (s.p.)
Swollen joint count (0-28), mean(s.o.)
HAQ-DI, mean (s.0.)

CRP, mean (s.n.), mg/dl

ESR, mean (s.0.), mm/h

DAS28-ESR, mean (s.n.)

MMP-3, mean (s.0.), ng/ml

RF, mean (s.0.), IU/ml

RF positive, n (%)

PGA (0-100 mm VAS), mean (s.0.) -
Erosion, mean (s.0.)

Joint space narrowing, mean (s.n.).
TSS (0-448), mean (s.n.)
Concomitant use of MTX, n (%)

MTX dose, mean (s.0.), mg/week
Concomitant use of PSL, n (%)

PSL dose, mean (s.0.), mg/day

Discontinuation

Continuation

(n=34) (n=17) P-value
56.9 (11.4) 60.9 (9.5) 0.195%
5(14.7) 4 (23.5) 0.443°
29 (85.3) 13 (76.5)
9.6 (5.2) 15.3 (10.5) 0.0182
1.8 (0.4) 1.7 (0.5) 0.803°
0.3 (0.6) 0.1 (0.5) 0.788°
0.5 (0.8) 0.6 (0.9) 0.429°
0.5 (0.5) 0.5 (0.5) 0.356°
0.3 (0.5) 0.2 (0.2) 0.285°
18.7 (9.5) 17.6 (8.5) 0.790°
2.4 (0.5) 2.3 (0.6) 0.705°
79.5 (63.3F° 75.3 (46.3)° 0.7072
72.8 (128.5)° 50.7 (76.1)° 0.8222
14 (48.3)° 6 (60.0)° 0.394°
12.7 (10.7) 17.4 (15.2) 0.363°
29.9 (37.9) 62.0 (58.4) 0.015°
28.6 (27.2) 55.5 (41.2) 0.020°
58.5 (64.1)f 117.5 (97.7) 0.016°
19 (55.9) 12 (70.6) 1.000°
6.7 (2.29° 8.7 (2.3 0.2112
12 (35.3) 8 (47.1) 0.372°
4.0 (2.8f 3.9 (2.8) 0.5382

PGA: patient’s global assessment of disease activity; VAS: visual analogue scale; RF: rheumatoid
factor; TSS: total Sharp score; PSL: prednisolone. ®Wilcoxon’s rank sum test; PFisher's exact test;
°n=29; In=14; °n=10; 'n=28; °n=17; "n=12; 'n=9; h=8.

abatacept (n = 19) were compared with the continuing pa-
tients remaining in the study (n=15; 2.8 vs 2.1, P=0.036).
Fig. 2 shows the proportion of patients in each RA
disease activity class at specified times. In the discontinu-
ation group there was a tendency towards a decrease in
the proportion of patients in DAS28-CRP remission and an
increase in the proportion of those with HDA as follow-up
progressed. At week 52 (LOCF), the proportion of patients
in remission was 41.2% in the discontinuation group com-
pared with 64.7% in the continuation group (P=0.144).
Sixteen of the 17 continuing patients (94.1%) experienced
no disease flare (DAS28-CRP <2.7), while 20 of the 34
discontinuing patients (58.8%) were in remission or main-
tained LDA. Compared with the 14 patients who failed to
do so, these 20 patients had significantly lower baseline
HAQ-D! scores and CRP (P=0.036 and P=0.048, re-
spectively). Of the 19 patients who went without abata-
- cept for 52 weeks, 7 were in remission at the endpoint and
12 were not. These two subgroups had comparable base-
line characteristics, except that more patients in remission
than not in remission at the endpoint were in functional
remission (HAQ-DI < 0.5) at enrolment (100% vs 41.7%,
P=0.016). The mean time-averaged DAS28-CRP (TA-
DAS28-CRP) [19, 20] was 1.9 (s.0. 0.4) for those who
maintained LDA compared with 3.0 (s.0. 0.7) for those
who failed to do so (P < 0.0001).
In contrast to consistently low (<2.6) scores in the
continuation group, the mean DAS28-ESR score in the

discontinuation group increased slightly, from 2.4 at base-
lineto 2.7 at week 4, 3.1 at week 12, 3.3 at week 24, 3.5 at
week 36 and 3.6 at week 52. According to the endpoint
DAS28-ESR scores, 24.2% of the discontinuing vs 47.1%
of the continuing patients were in remission, 30.3% vs
35.3% had LDA, 27.3% vs 17.6% had MDA and 18.2%
vs 0% had HDA. The mean HAQ-DI scores for the two
groups followed similar time courses and were 0.6 for
both groups at week 52 (P=0.920; Fig. 3).

The TSS at weeks 0 and 52 was similar in the discon-
tinuation and continuation groups, but the baseline TSS
was higher for the continuation group (Fig. 4A). Mean
ATSS (0.80 vs 0.32, P=0.374) and AJE (-0.02 vs 0.32,
P=0.466) were similar for the two groups, while mean
AJSN was signiﬁcantly greater in the discontinuation
group (0.82 vs 0, P=0.035; Fig. 4B). After correction by
linear extrapolation, the proportion of patients in radio-
graphic remission (ATSS < 0.5) was 64.3% in the discon-
tinuation group compared with 70.6% in the continuation
group (P=0.752; Fig. 4C). No radiographic progression
was seen in 42.9% and 47.1% of patients, while RRP
was seen in 14.3% and 0% of patients in the discontinu-
ation and continuation groups, respectively (Fig. 4C). The
four patients who showed RRP after discontinuation had
significantly higher CRP at enrolment in this study and
lower RF in the previous phase Il study compared with
the 24 patients who did not show RRP in this group
(P=0.034 and P=0.020, respectively).

www.rheumatology.oxfordjoumals.org
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Fic. 2 Proportion of disease activity
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Fic. 3 Transition diagram of HAQ-DI

p=0.920
(Yilcozon's rank sum test)
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DI: Disability Index.

In the discontinuation group, 10 of the 14 patients in
DAS28-CRP remission at week 52 were evaluable for
ATSS, of whom 7 (70%) were in radiographic remission.
In the continuation group, all 11 patients in DAS28-CRP
remission at week 52 were evaluable for ATSS and 7
(63.6%) were in radiographic remission.

Resumption of abatacept treatment

Nine patients resumed abatacept treatment after a mean
interval of 149.6 days (s.0. 34.5). After resumption, the
mean DAS28-CRP score steadily decreased, from 5.0
(s.0. 1.1) to 3.7 (s.n. 1.6) at 12 weeks and to 3.7 (s.p. 1.7)
at 24 weeks, as was observed in the previous phase li/lll
study [from 4.8 (s.0. 0.8) at baseline to 3.0 (s.0. 0.9) at

week 12 and to 2.8 (s.0. 0.9) at week 24; not significant
by Wilcoxon’s rank sum test].

In the previous study, time to remission in those who
resumed (n = 9) and did not resume {n = 25) abatacept was
similar (P=0.643; log rank test); clinical remission was
achieved in 2 of 9 (22.2%) vs 13 of 25 (52.0%) patients
at week 24 and in 88.9% vs 96.0% of patients at the
endpoint, respectively. The two populations also had
comparable demographic and baseline characteristics.

Safety

Non-serious AEs occurred in one patient who resumed
abatacept (acute upper respiratory tract infection) and
two patients who continued the drug (acute bronchitis in
one and low back pain, cystitis, constipation, common
cold and left scapulohumeral periarthritis in the second).
No serious AEs were reported. Anti-abatacept antibody
titre was measured in 26 of the 34 patients upon discon-
tinuation of abatacept, as well as in 7 of 9 and 6 of 9
patients immediately and at 24 weeks after resumption.
Positive titres were recorded in four patients (15.4%) upon
discontinuation, in two patients (28.6%) immediately after
resumption and in no patients at 24 weeks after resump-
tion. Two of the four patients with positive titres upon dis-
continuation restarted abatacept. Both patients had
positive titres again upon resumption, but not after 24
weeks. None of the patients with positive anti-abatacept
antibody titre developed AEs or responded poorly to
abatacept.
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Discussion

Accumulating evidence suggests that CD4* T cells play a
key role in RA-associated inflammation [21-23}, although
the extent to which they contribute to this disease is not
fully understood. Abatacept, which blocks a T cell
co-stimulation pathway, has been shown to have favour-
able efficacy and tolerability profiles in Japanese and
non-Japanese MTX-intolerant, TNFinhibitor-intolerant or
MTX-naive [eatly (<2 years)] RA patients [7-12].

The ACR and European League Against Rheumatism
treatment recommendations propose that remission or
LDA should be the primary target for treatment of RA
[24]. Combined therapy with currently available biologic
and non-biologic DMARDs can help attain current treat-

ment targets in the majority of RA patients. Nonetheless,

the high costs of biologic agents have encouraged
ongoing efforts to reduce the economic burden upon
patients, including trials to discontinue biologic therapy
in patients in sustained clinical remission. While existing
data support the potential for biologic-free remission
following intensive treatment with TNFinhibitors [25-28],
definitive evidence for this potential following discontinu-
ation of abatacept is limited. One study suggested that
there was no further radiographic or MRl progression of
joint destruction after discontinuation of abatacept in
patients with undifferentiated inflammatory arthritis or
very early RA [29]. Here we determined the potential of
abatacept in promoting biologic-free remission in RA
patients already in clinical remission.

At week 52, 64.7% of the patients who discontinued
abatacept in an ITT population remained biologic-free
(primary endpoint). In a drug-free follow-up of 102 RA
patients (mean disease duration 5.9 years) who attained
LDA with infliximab [25], 55% of the patients maintained
LDA and 39 of the 83 patients (47%) who had achieved
remission (DAS28 < 2.6) at enrolment remained in remis-
sion for 1 year. In a similar study for adalimumab [28], 14
of 22 patients (64%) maintained LDA (DAS28-CRP < 2.7)
without the drug for 1 year. On comparison with these TNF
inhibitors, abatacept seems to have a similar potential in
the induction of biologic-free remission. :

After discontinuation of abatacept, the mean DAS28-
CRP score gradually increased and reached a level sig-
nificantly higher than in the continuation group at week 52.
This was also true when the mean endpoint DAS28-CRP
score was compared between the 19 patients who went
without abatacept and the 15 patients who continued the
drug for 52 weeks. In the discontinuation group, the
number of patients in DAS28-CRP remission decreased
and the number of patients with HDA increased. HAQ-DI
and CRP are two baseline parameters that were signifi-
cantly different between those with (n=20) and without
(n=14) LDA at week 52. In addition, HAQ-DI is the only
baseline parameter that was significantly different
between those in remission (n=7) and those not in
remission (n=12) without abatacept at week 52, These
findings suggest that the HAQ-DI or CRP immediately
before discontinuation of abatacept may predict the prob-
ability of subsequent maintenance of remission or LDA. '

www.rheumatology.oxfordjoumnals.org
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According to TA-DAS28-CRP data, those with LDA at
the endpoint maintained LDA throughout the period of
follow-up. Comparison between the discontinuation and
continuation groups showed similar proportions of pa-~
tients in clinical remission at week 52 and similar changes
in the HAQ-DI over time,O indicating that the effects of
abatacept on clinical and functional outcomes are durable
even after discontinuation.

In RA, joint destruction progresses over time, causing
significant disability, which imposes an enormous social
burden. Although the recently introduced biologic agents,
including abatacept, can prevent or delay joint destruction
in a proportion of patients, it is not known if they prevent
disease relapse following discontinuation. In the present
study, radiographic assessment of joint destruction
showed no significant difference between those who dis-
continued and those who continued abatacept with
regard to mean ATSS or the percentage of patients with
ATSS <0, <0.5 or >5. These data confirm that abata-
cept exerts a sustainable effect in preventing or delaying
joint damage and thus keeps patients in radiographic
remission even after discontinuation. These radiographic
benefits of abatacept appear to be comparable to those of
infliximab and adalimumab (in early RA), as evidenced by
67% [25] and 81% [27] of patients with LDA remaining in
radiographic remission after discontinuation of those
drugs. '

As a proportion of RA patients have to suspend their
biologic therapy for economic or other reasons, we also
assessed the efficacy and safety of re-treatment with aba-
tacept after relapse. Re-treatment with abatacept was ef-
fective in controlling disease activity but may be less
effective than the initial treatment with abatacept, which
was evaluated in the previous phase Il study [7].

Abatacept was well tolerated after resurhption and
during extended use, with only non-serious AEs being
reported in three patients. Regarding the immunogenicity
of abatacept, two of the limited number of patients as-
sessed were positive for anti-abatacept antibody at the
resumption of treatment but were negative after 24
weeks. The disappearance of anti-abatacept antibody
after resumption of abatacept treatment may reflect the
immunomedulatory effect of the drug.

The present study has several limitations. First, this was
an exploratory study about the possibility of biologic-free

remission after attaining clinical remission with abatacept..

This study had no hypothesis to be tested because no
data were available about this possibility with any other
biologic DMARDs when we planned this study. Second,
this was a small, non-randomized, observational study.
Only Japanese RA patients who had completed a phase
Il study of abatacept [7] and its long-term extension and
were in DAS28-CRP remission (<2.3) were enrolled, and
for ethical reasons they were offered the option to
continue abatacept or not at enrolment. As an expected
consequence, the two groups were not well matched at
baseline; those who chose to discontinue the drug were at
an earlier stage of RA and had less progressive joint
damage. Therefore data comparing the two groups
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should be interpreted cautiously. Third, we imputed miss-
ing data for non-radiographic efficacy variables using
LOCF, a less favoured method than multiple imputation.
This might introduce uncertainly about the reliability of the
disease activity data and compromise their interpretation.
Despite these limitations, the results are informative, as
they indicate that the clinical remission achieved after
abatacept treatment is potentially maintained following
discontinuation of the drug in some of the patients, par-
ticularly in those who have also achieved a low HAQ-DI
score and/or low CRP after the treatment. Given that the
decision to continue or discontinue abatacept after attain-
ing clinical remission was made by individual patients and
their physicians, this finding will also be helpful for imple-
menting the treat-to-target principle in RA practice. - -

Rheumatology key messages

« The effects of abatacept on clinical, functional and
structural outcomes in RA continue after its
discontinuation. B

« Biologic-free remission of RA can be maintained
after attaining sustained clinical remission with
abatacept.

« Lower HAQ DI or CRP may predict maintenance of
RA remission or low disease activity after discon-
tinuation of abatacept.
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Assessment of Risks of Pulmonary Infection During 12
‘Months Following Immunosuppressive Treatment for
Active Connective Tissue Diseases: A Large-scale
Prospective Cohort Study
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ABSTRACT. Objective. Pulmonary infections (PI) are leading causes of death in patients with connective tissue
diseases (CTD). The PREVENT study (Pulmonary infections in patients REceiving immuno-
suppressiVE treatmeNT for CTD) assessed risk of PI in patients with active CTD in the contem-
porary era of advanced i immunosuppressive therapy.

Methods. In patients who started corticosteroids (n = 763), conventional xmmunosuppressants or
biologics for active CTD were enrolled. Clinical and laboratory data, usage of drugs, and occurrence
of PI were collected for 12 months. Baseline risk factors were investigated using Cox regression
analysis. A nested case-control (NCC) study was performed with 1:2 matched case-control pairs to
assess the risk for each drug category.

Results. During the observation period, 32 patients died (4.2%) and 66 patients were lost to followup
(8.6%). Patients with PI (n = 61, 8%) had a significantly worse accumulated survival rate than
patients without (p < 0.01). Cox hazard regression analysis using baseline data showed that these
factors were significantly associated with PI: age = 65 years (HR 3.87, 95% CI 2.22-6.74), = 20
pack-years of smoking (2.63, 1.37-5.04), higher serum creatinine level (1.21, 1.05-141 per 1.0
mg/dl increase), and maximum prednisolone (PSL) dose during the first 2 weeks of treatment (2.81,
1.35-5.86 per 1.0 mg/kg/day increase). Logistic regression analysis by an NCC study revealed that
maximum PSL dose within 14 days before PI (OR 4.82,95% CT 1.36—17.01 per 1.0 mg/dl increase;
2.57, 1.28-5.16 if = 0.5 mg/kg/day) was significantly associated with the events, while other
immunosuppressants were not.

Conclusion. Physicians should be aware of the higher risks for corticosteroids of PI than other
immunosuppressants and assess these risk factors before immunosuppressive treatment, to prevent
PI. (First Release Feb 1 2015; J Rheumatol 2015;42:614-22; doi:10.3899/jrheum.140778)
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Treatment of connective tissue diseases (CTD) has
advanced with the introduction of molecular-targeted
therapies, such as biologics and new classes of immunosup-
pressants!-234. Corticosteroids, still indispensable for the
treatment of CTD, as well as most of the new treatments
have the potential to increase susceptibility to infection, and
risk of infection should be compared across these medica-
tions within a single cohort. Among all infections,
pulmonary infections (PI) are the most common and one of
the leading causes of death in patients with CTD56789,

therefore prevention of PI is crucial for physicians treating
these diseases.

To our knowledge, no authors have previously assessed
specific risk factors for PI in patients with CTD, except for
some reports from the rheumatoid arthritis (RA)
population!®11:12, Assessment of risks of infection in
patients with CTD is quite complicated and difficult to study
because of the relatively low prevalence of the diseases and
changes in immunosuppressive treatments over time. Only a
few studies conducted in a population of single CTD cohorts
have tried to resolve this clinical question®-13:1415, However,
many of the previous studies were retrospective in nature
and did not include an adequate number of patients or infec-
tious events for multivariate analyses. Results from single
CTD cohorts cannot be generalized or applied to patients
who receive similar immunosuppressive treatment for
different CTD. It is also important to enroll patients with
active-phase CTD when the immunosuppressive treatment
starts or intensifies, and when the patients will be expected
to be at the highest risk of PI. To overcome these restric-
tions, we conducted a large-scale, multicenter, prospective
observational study (Pulmonary infections in patients
REceiving immunosuppressiVE treatmeNT for CTD;
PREVENT) and recruited patients with a variety of active
CTD to identify risk factors for PI common to these patients.

In our study, we investigated incidence and character-
istics of PI and risk factors for these life-threatening compli-
cations in patients receiving immunosuppressive treatments
for active CTD, to establish milestone evidence and to
ensure the safety of patients with CTD.

MATERIALS AND METHODS

Patients. Patients were eligible for enrollment in our study if they were
admitted to participating hospitals for treatment of new-onset or relapsed
CTD and if their attending physicians started 1 or a combination of the
following 4 immunosuppressive treatments: (1) prednisolone (PSL) or
other corticosteroids, (2) methylprednisolone (mPSL) pulse therapy, (3)
conventional immunosuppressants, or (4) biologics. Patients who were
receiving or had received immunosuppressive treatments were also eligible
if they started any of the 4 treatments or increased the dose of cortico-
steroids or conventional immunosuppressants. Types of CTD and immuno-
suppressive treatments eligible for enrollment are summarized in
Supplementary Table 1 (available online at jrheum.org). Ten university
hospitals and 5 referring hospitals in Japan participated in our study and
patients were enrolled from June 2008 to December 2010. This study was
approved by the ethics committee of the Tokyo Medical and. Dental
University Hospital (TMDU) and those of the participating institutions.
Written informed consent was obtained from each patient.

Data collection. We collected a predefined case report form at baseline,
Month 6, and Month 12 after enrollment. We also collected demographic
data and clinical data for CTD at baseline, data for candidate risk factors
for PI at baseline and Month 6, and types and doses of administered
medication and clinical course of CTD throughout the observation period.
Candidate risk factors for PI were selected based on previous
reports! 6171819202122 ¢onducted in both general populations and patients
with CTD!0!!, and are summarized in Table 1. When patients developed
PI, clinical, laboratory, and imaging data were collected to validate
diagnoses of PI by the event-monitoring committee. All data were
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Table 1. Baseline characteristics of patients from the PREVENT cohort®. Values are mean + SD or % unless otherwise specified.

Variable Infection Group,n =61  Noninfection group, n = 702 P Adjusted HR (95% CI)
Age, yrs 65.8+13.1 52.1+18.1 0.03 1.05 (1.03-1.07)
Age = 65 yrs old 63.9 ‘ 29.2 <001 4.01 (2.37-6.80)
Female sex 62.3 75.1 0.03 0.69 (0.41-1.16)
Body weight, kg 526 +£9.8 54.0 £10.9 0.63 - 0.99 (0.96-1.02)
Disease duration, mos 422758 57.8 £90.1,n =701 0.09 0.98 (0.99-1.01)
Incident use of immunosuppressive therapy 65.6 503 0.02 1.83 (1.08-3.10)
Ever smoker 459 335,n=701 - 006 1.59 (0.85-2.97)
> 20 pack-yrs of smoking® 410 " 17.5,n =695 <001 242 (1.28-4.56)
Concurrent nonserious infection 4.9 3.1 . 045 1.14 (0.36-3.68)
Resolved serious infection within 6 mos 49 1.3 0.03 2.76 (0.86-8.86)
Performance status = 3¢ 246 11.8 <0.01 1.83 (1.01-3.32)
Dysphagia 4.9 2.3 - 024 2.56 (0.80-8.20)
Heart failure ) 6.6 33 0.18 2.04 (0.74-5.66)
Diabetes mellitus . 26.2 14.4 0.01 1.19 (0.66-2.14)
Previous pulmonary tuberculosis 14.8 53 <001 1.72 (0.83-3.56)
Any pulmonary comorbidity 59.0 36.0 <001 1.49 (0.87-2.53)

Interstitial pneumonia 42.6 25.7 <001 1.34 (0.80-2.25)

COPD 8.2 2.1 <0.01 2.25 (0.85-5.93)
Serum creatinine, mg/dl 108135 0.74 £0.67,n = 701 0.01 1.24 (107-1.44)
Serum albumin, mg/dl / 3.15+0.65,n =60 333 +£0.68,n=69% 0.03 0.83 (0.56-1.24)
Pneumococcal vaccine® 6.6 7.5 Q.77 0.14 (0.17-0.29)
Influenza vaccine! - 26.2 229 0.56 1.09 (0.62-1.93)
Medication during the first 14 days of immunosuppressive treatment :

Maximum PSL dose®, mg/kg/day 0.83+0.34 0.68 + 0.41 0.02 4.06 (2.03-8.14)

Use of = 0.5 mg/kg/day of PSL, yesh 85.2 65.3 . <0.01 3.69 (1.82-7.50)

Use of mPSL pulse therapy, yes? 26.2 17.1 0.07 2.00 (1.13-3.55)

Use of conventional immunosuppressants’, yesh 29.5 : 437 0.03 ~0.60 (0.34-1.04)

Use of biologics', yesh 11.5 18.7 0.16 0.48 (0.22-1.06)

* Diagnosis

SLE 180 289 0.07 1.71 (1.03-2.85)

RA 18.0 27.1

Vasculitis 31.1 14.7

PM/DM 19.7 14.7

AOSD 4.9 57

MCTD 33 238

SSc 33 2.1

Behget’s disease 0.0 1.6

SS . 1.6 ) 1.1

2 Patients who developed (infection group) and did not develop PI (noninfection group) were compared. The Mann-Whitney U test was used for continuous
measures, and the chi-square test for categorical measures to calculate p values between the infection group and the noninfection group. Corrections for
multiple comparisons were not applied and p values were provided to show magnitude of difference between the 2 groups. The age- and sex-adjusted HR for
development of PI was calculated for each variable using Cox proportional hazard regression analysis. ® Pack-years of smoking: packs smoked per day X yrs
as a smoker. ¢ Performance status was evaluated using the Eastern Cooperative Oncology Group performance status. 9 Previous pulmonary tuberculosis
includes suspected case. © Patients who were given pneumococcal vaccine before enroliment and during the observation period were included in calculation
of percentages. Patients who were given pneumococcal vaccine after development of PI were excluded from the calculation. { Patients who were given
influenza vaccine within 6 months before enrollment and during the observation period were included in calculation of percentages. Patients who were given
influenza vaccine after development of PI were excluded. 8 Maximum PSL dose during the first 14 days of immunosuppressive therapy. The dose of corti-
costeroids other than PSL was substituted for the equivalent dose of PSL for analysis?. ' Use of > 0.5 mg/kg/day of PSL, mPSL pulse therapy, conventional
immunosuppressants, and biologics during the first 14 days of immunosuppressive therapy were included. ! Included immunosuppressants and biologics are
shown in Supplementary Table 1 (available online at jrheum.org). i HR of vasculitis and PM/DM versus other CTD was calculated. PREVENT: Pulmonary
infections in patients REceiving immunosuppressiVE treatmeNT for CTD; COPD: chronic obstructive pulmonary disease; PSL: prednisolone; mPSL: methyl-
prednisolone; Ig: immunoglobulin; SLE: systemic lupus erythematosus; RA: rheumatoid arthritis; PM: polymyositis; DM: dermatomyositis; AOSD:
adult-onset Still’s disease; MCTD: mixed connective tissue diseases; SSc: systemic sclerosis; SS: Sjdgren syndrome; PI: pulmonary infections; CTD:
connective tissue diseases.

submitted by the site investigators to the PREVENT Data Center at the Minor errors were found in 2.0% of the data collected; all data were

Department of Pharmacovigilance of TMDU. Two authors (HY and RS) corrected before finalizing the database and performing analyses,
visited 4 institutions for source data validation after all data were collected. Definition of P1. P1 of interest were defined at the beginning of our study to
These institutions contributed 55.5% of the total enrollment of our study. include bacterial, atypical, Preumocystis jirovecii, cytomegalovirus, and
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mycotic pneumonias; pulmonary tuberculosis (TB), pleuritis, lung abscess,
and other clinically important PI reported by site investigators. The validity
of the diagnosis for PI was assessed by the event-monitoring committee
consisting of 2 rheumatologists (RK and MH), a pulmonologist (YM), and
an infection specialist (RK). The event-monitoring committee scrutinized
all data of PI cases reported, and patients were accepted as having PI only
when the committee confirmed the diagnosis of site investigators. The
diagnosis of PI was made by the presence of new infiltrates, consolidation,
ground-glass opacity, or effusion seen using chest radiography or computed
tomography, along with suggestive. clinical features and laboratory
findings. The results of bacterial cultures of blood or sputum were also used
for the diagnosis of PI, if detected.

Statistical analysis. The primary objective of our study was to identify risk
factors using multivariate analyses for the development of PI in patients
with CTD given immunosuppressive treatment. We expected to identify 5
or 6 significant risk factors, requiring at least 50 cases with PI to perform
multivariate analyses with appropriate statistical power. Based on our
unpublished data, we assumed that 7% of the enrolled patients would
develop PI and that 5% of the patients would be lost to followup by Month
12. The targeted number of patients enrolled was therefore set at 750.

The start of the observation period was the date when 1 of the 4
categories of immunosuppressive treatments began (Supplementary Table
1, available online at jrheum.org). Observation ended either 12 months
later, or on the day a patient died or was lost to followup, whichever came
first. We identified independent risk factors for the development of PI, first
by comparing baseline characteristics of the patients with and without PI
using univariate analyses. Second, we performed multivariate Cox
regression analyses to identify risk factors among baseline data for the
development of PI. Third, because drugs and doses of immunosuppressive
treatments substantially changed over time, we then used a nested
case-control (NCC) study to assess the risk of each category of medication
for the development of PI more precisely.

The chi-square test for categorical variables and the Student t test or
Mann-Whitney U test for continuous variables were used for comparisons
between groups. Missing categorical variables constituted only 0.08% of
all categorical variables. Missing continuous variable values, 1.4% of all
continuous variables, were substituted with the mean value of the corres-
ponding variables. Variables included in the Cox regression model were
chosen based on the results of the age- and sex-adjusted HR and 95% CI of
each variable for the development of PI. Collinearity and medical signifi-
cance of the varjables were also considered for selection.

In the NCC study, we used a risk-set sampling design to select control
patients. For each patient who developed PI (the case group), 2
age-matched (% 1 yr), sex-matched, and disease classification—-matched
patients who had not developed PI during the same length of observation
periods were randomly selected as the control group. For this matching,
CTD listed in Supplementary Table 1 (available online at jrheumn.org) were
classified into articular RA (i.e., RA treated for active arthritis with no
active extraarticular involvement) or others (i.e., other CTD or RA treated
for extraarticular involvement) because patients with articular RA used
fewer corticosteroids and more biologics compared to others (mean = SD
PSL dose: 0.07 + 0.08 vs 0.84 + 0.31 mg/kg/day, use of biologics: 82.5%
vs. 3.2%, observed during the first 14 days of immunosuppressive therapy).
The observation period for the NCC study of a matched pair was defined
using the length from the start of immunosuppressive treatment to onset of
a PI. We assessed the risk of medications that were administered during the
14 days at the end of the observation period for the NCC study using
univariate and multivariate logistic regression analyses. SPSS was used
(version 18.0, SPSS Inc.). All p values were 2-tailed and p < 0.05 was
considered statistically significant.

RESULTS
Patient disposition. Among 774 enrolled patients, 11 were
excluded and baseline data were acquired from 763 (Figure

Enrolled
(N=774)
Excluded (N=11)
Not diagnosed as CTD? (N=5)
Too short follow-up period (N=2)
I Enrolled in a clinical trial (N=1)
Did not start immunosuppressive
i treatment (N=3)
Baseline
(N=763)
Lost to follow-up (N=46)
" Death (N=25)
3
Total
6
moztggz) Lost to follow-up (N=66)
Death (N=32)
Lost to follow-up (N=20) I
Death (N=7)
Mor;th 12 Developmenf of pulmonary infection
{N=665) during 12 months
(N=61)

Figure 1. Patient disposition of the PREVENT cohort. Of the 774 patients who were
registered in the PREVENT for CTD cohort, baseline data were acquired for 763
patients. Sixty-six patients were lost to followup and 32 patients died by Month 12; the
remaining 665 patients completed 12 months of observation. Sixty-one patients
developed pulmonary infection confirmed by the event-monitoring committee. 2CTD
denotes connective tissue disease. PREVENT: Pulmonary infections in patients
REceiving immunosuppressiVE treatmeNT for CTD.
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1). Sixty-six patients were lost during the followup and 32
patients died by Month 12. The mean *+ SD and median
observation periods of all patients were 334 + 86 and 365
days; for those lost to followup, 136 + 105 and 124 days;
and for those who died were 114 + 87 and 97 days. PI were
reported by site investigators in 81 patients. Among these,
the event-monitoring committee confirmed 61 infections
after thorough reviews of the data.

Baseline characteristics of the patients. Baseline character-
istics of patients who developed PI (infection group,n = 61)
and those who did not (noninfection group, n = 702) are
summarized in Table 1. The infection group was older and
had fewer women, higher rates of incident use of immuno-
suppressive treatment, more patients with = 20 pack-years
of smoking, more resolved serious infections within the 6
months prior to enrollment, and poorer Eastern Cooperative
- Oncology Group performance status (ECOG PS = 3) than
the noninfection group. Also observed in the infection group
was higher prevalence of diabetes mellitus, previous
pulmonary TB, interstitial pneumonia, and chronic obstruc-
tive pulmonary disease. Diagnoses of vasculitis and
polymyositis/dermatomyositis were associated with the
infection group. The infection group had higher mean serum
creatinine and lower serum albumin levels, while other
laboratory data did not differ significantly (Supplementary
" Table 2, available online at jrtheum.org). The infection group
was given a higher maximum PSL dose and used fewer
conventional immunosuppressants during the first 14 days
of their immunosuppressive treatment. The use of each
conventional immunosuppressant and biologic during the
first 14 days and for the whole observation period is shown
in Supplementary Table 3 (available online at jrheum.org).
P values were not corrected for multiple comparisons.

Development and prognosis of PI. Development of PI was
more conspicuous within 3 months after the initiation of the
immunosuppressive treatment. Thirty-three patients (54.1%)
developed PI by Month 3 (Supplementary Figure 1,
available online at jrheum.org). Percentages of each PI are
summarized in Table 2. Twenty-five patients developed
bacterial pneumonia and 20 developed P. jirovecii pneu-

Table 2. Types of pulmonary infections (PI)*.

Types of P1 n (%)
Bacterial pneumonia 25(41.0)
Pneumocystis pneumonia 20 (32.8)
Mycotic pneumonia 5(8.2)
Cytomegalovirus pneumonia 3(4.9)
Pulmonary tuberculosis 3 (4.9
Mixed infection, bacterial and mycosis 349
Pyothorax 2@3.3)
Total 61 (100)

* Of the 81 reported PI cases reviewed by the event-monitoring commit-
tee, 61 patients were confirmed to have PI.

Table 3. Causes of death*.

Causes of Death n (%)

Exacerbation of interstitial pneumonia 14 (43.8)
Sepsis 3(94)
Malignancy 3(94)
Pneumonia 3(94)
Acute heart failure 3094)
Pulmonary hemorrhage 2(6.3)
Acute liver failure . 2(6.3)
Perforation of gastric ulcer 1(3.1)
Unknown 1.3.1)
Total 32 (100)

* Thirty-two patients died during the observation period. Causes of death
were confirmed by case report forms, additional information provided by
each participating hospital, and discharge summaries.

monia (PCP), which accounted for 41.0% and 32.8% of total
PI, respectively. Of the 20 patients who developed PCP, only
3 had prophylaxis for PCP with monthly aerosolized
pentamidine. Opportunistic infections, including PCP,
mycotic pneumonia, cytomegalovirus pneumonia, and
pulmonary TB were reported in 34 of the 763 patients
(4.5%). Three patients who developed pulmonary TB did
not show evidence of previous pulmonary TB on chest
radiographs at baseline and did not receive chemoprophy-
laxis, while 105 patients who received chemoprophy]ams
did not develop pulmonary TB.

Vital prognosis. Thirty-two patients died during the obser-
vation period; the causes of their deaths are summarized in
Table 3. Causes of death were confirmed using case report
forms, additional information provided by site investigators,
and discharge summaries. Among the 32 patients who died,
8 patients developed PI and 3 died of pneumonia. Among
the remaining 5 other patients who developed PI, 4 patients
died of exacerbation of interstitial pneumonia and 1 patient
died of sepsis. All of these S patients died subsequently to PI
during the same admission, except for 1 patient who died of
exacerbation of interstitial pneumonia. In the noninfection
group, 24 patients died. Exacerbation of interstitial
pneumonia was the most frequently reported cause of death
(n = 10) in the noninfection group. Age-adjusted and
sex-adjusted HR of PI for death using Cox regression
analysis was significantly elevated (HR 5.25, 95% CI
2.23-12.35).

Independent risk factors for PI. We constructed Cox
regression models to identify risk factors for PI. We initially
calculated the age-adjusted and sex-adjusted HR for each
variable for the development of PI (Table 1). Lower ends of
95% CI of HR were higher than 1.0 for age = 65 years,
incident use of immunosuppressive therapy, = 20 pack-years
of smoking, ECOG PS = 3, serum creatinine levels,
maximum PSL dose, use of PSL > 0.5 mg/kg/day, and use
of mPSL pulse therapy during the first 14 days of immuno-
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suppressive treatment. We subsequently included these
variables and sex in the final Cox regression model (Table
4). Age = 65 years (HR 3.87, 95% CI 2.22-6.74),
= 20 pack-years of smoking (2.63, 1.37-5.04), serum
creatinine (1.21, 1.05-1.41, per 1.0 mg/dl increase), and
maximum PSL dose during the first 14 days of the immuno-
suppressive treatment (2.81, 1.35-5.86, per 1.0 mg/kg/day
increase) were significantly associated with PI. Other statis-
tical models that included use of conventional immunosup-
pressants and biologics during the first 14 days of immuno-
suppressive treatment or CTD diagnosis showed essentially
the same results (data not shown).

NCC study to identify the risk of medication on the devel-
opment of PI. Because 45.9% of the PI developed at or after
Month 4 of the observation period (Supplementary Figure 1)
and immunosuppressive treatments changed substantially
during the observation period in each patient, prediction of
PI using baseline medications may not be sufficient. To
overcome this, we implemented an NCC study to cautiously

and precisely evaluate the association of treatment with PI. -

Among 61 patients in the infection group, 1 patient failed to
match with appropriate control patients. The remaining 60
patients (case group) were successfully matched with 120
patients from the noninfection group (control group).
Baseline characteristics and diagnosis of CTD were not
significantly different between the groups. We compared
medications used during the 14 days at the end of the obser-
vation period for the NCC study of each matched pair and
found that the maximum PSL dose of the case group was
significantly higher than that of the control group (0.55 +
0.30 vs 0.44 £ 0.28 mg/kg/day, p = 0.02), and the use of PSL
> 0.5 mg/kg/day was more prevalent in the case group
(533% vs 342%, p = 001; Supplementary Table 4,
available online at jrheum.org). Multivariate logistic
regression analysis revealed that both maximum PSL doses
as a continuous variable (Model 1, OR 4.82, 95% CI
1.36-17.01, per 1.0 mg/kg/day increase) and a categorical

variable (Model 2, 2.57, 1.28-5.16, = 0.5 mg/kg/day) were
significant risk factors for the development of PI (Table 5)
after adjusting for the covariates of = 20 pack-years of
smoking, serum creatinine, and performance status = 3.
However, the use of mPSL pulse therapy, conventional
immunosuppressants, and biologics was not significantly
associated with PI.

DISCUSSION

To our knowledge, ours is the first large-scale, multicenter
prospective cohprt study that investigated PI in patients with
CTD receiving immunosuppressive treatment. Here, we
report incidence and types of PI, their implications for vital
prognosis, and risk factors for developing PI among patients
with CTD receiving immunosuppressive treatments.

The association of baseline characteristics with PI in
patients with CTD described in our study is consistent with
the results of previous studies conducted in general popula-
tions. Because immune function becomes impaired with
aging, older age has been identified as a risk for serious
infections!6:17:18:19 Smoking is also a known risk factor for
community-acquired pneumonial6:17:18.19.20 " Reduced
ciliary and respiratory epithelial functions, as well as defects
in humoral and cellular immunity caused by smoking, have
been suggested to explain the vulnerability of smokers for
PI212526 Renal impairment is associated with reduced
function of both innate and adaptive immune systems?®’.
James, et al?2 reported an association of reduced glomerular
filtration rates and increased risk of hospitalization and
death from pneumonia, which is consistent with our results.

The most important information gained from our study is
that the maximum dose of PSL clearly increased risk for PI,
but the use of conventional immunosuppressants did not.
We analyzed the risk of categories of medications for PI
using 2 statistical methods, Cox regression analysis using
baseline data in all patients and logistic regression analysis
in the NCC study, and obtained the same results. For proper

Table 4. Multivariate analysis of independent risk factors for pulmonary infections (PI) in the PREVENT

cohort?.

Variable HR 95% CI P
Age = 65 yrs, vs < 65 3.87 2.22-6.74 <0.001°¢
Incident use of immunosuppressive therapy 142 0.82-2.44 0.210
= 20 pack-yrs of smoking, vs < 20 2.63 1.37-5.04 0.004°
Serum creatinine, mg/dl 1.21 1.05-141 0011¢
Performance status = 3, vs <2 1.79 0.97-3.25 0.061
Maximum PSL dose, mg/kg/day® 2.81 1.35-5.86 0.006°

2The HR for development of PI of each variable was calculated using the Cox proportional hazard regression
model after adjusting for sex. ® Maximum PSL dose during the first 14 days of immunosuppressive therapy. The
dose of corticosteroids other than PSL was substituted for the equivalent dose of PSL for analysis?3. ¢ These p
values were statistically significant after corrections for multiple comparisons using false discovery rate and
Benjamini-Hochberg procedure??, PREVENT: Pulmonary infections in patients REceiving immunosuppressiVE
treatmeNT for CTD; PSL: prednisolone; CTD: connective tissue diseases.
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Table 5. Association between immunosuppressive medications and PI in the NCC study?®,

Model . OR 95% CI P
Model 1
Maximum PSL dose, mg/kg/day® 482 1.36-17.01 0015
Use of mPSL pulse therapy, yes® 0.26 0.04-1.57 0.144
Use of immunosuppressantd, yes¢ 1.53 0.78-3.00 0.220
Use of biologics®, yes® 1.80 0.63-5.12 0.270
* Model 2
Maximum PSL dose, yes, = 0.5 mg/kg/day® 2.57 1.28-5.16 0.008f
Use of mPSL pulse therapy, yes® 0.37 0.07-201 0.246
Use of immunosuppressantd, yes® 1.54 0.78-3.05 - 0.210
Use of biologics®, yes® 175 0.63-4.90 0.284

2 The OR for development of PI of each variable was calculated using the logistic regression model. Maximum
PSL dose was included as a continuous variable in Model 1 and as a categorical variable in Model 2. Both
models were adjusted for = 20 pack-years of smoking, serum creatinine, and performance status = 3. » Maximum
PSL dose was counted during 14 days at the end of the observation period for the NCC study of each matched
pair. The dose of corticosteroids other than PSL was substituted for the equivalent dose of PSL for analysis?3.
© mPSL pulse therapy, immunosuppressant, and biologics were counted if they were used at least 1 day during
the 14 days at the end of the observation period for the NCC study of each matched pair. 4 Including
methotrexate, leflunomide, cyclophosphamide, tacrolimus, cyclosporine, azathioprine, mycophenolate mofetil,
and mizoribine. ¢ Including infliximab, etanercept, adalimumab, tocilizumab, abatacept, and rituximab. { p value
was statistically significant after corrections for multiple comparisons using false discovery rate and
Benjamini-Hochberg procedure?®. PI: pulmonary infections; NCC: nested case-control; PSL: prednisolone;

mPSL: methylprednisolone.

evaluation of the infection risk of each medication category,
the NCC design appears to be more appropriate to our
cohort because using the risk set sampling model enables
direct comparison of medication use during the observation
period between the 2 groups. The use of mPSL pulse
- therapy, conventional immunosuppressants, and biologics
was not associated with an increased risk for PI; this contra-
dicts the results from previous reports?$293031 The use of
conventional immunosuppressants has been assumed to
increase the risk for infections in some studies32-33,
However, there are no high-quality epidemiological data
that reveal an increased risk of infection from conventional
immunosuppressants in a population exposed to high doses
of PSL. It is plausible that the risk of conventional immuno-
suppressants for PI was masked in our patient population
because 65.5% of our patients received PSL = 0.5
mg/kg/day at baseline and the maximum PSL dose had a
high HR of 2.81. The negative result of the risk of biologics
for PI may derive from treatment regimen characteristics of
our cohort in which a low percentage of patients (17.7%)
were exposed to biologics.

The occurrence of opportunistic infections was 4.5% in
our cohort. As many as 20 patients (2.6%) developed PCP,
the incidence of which in Japan has been shown to be signifi-
cantly higher than in Western countries!?243536_1t has also
been suggested that the prior experience of a hospital in
treating patients with PCP is associated with a higher
likelihood of diagnosis of PCP36. All participating hospitals
‘in our cohort were referral centers with vast experience in
‘diagnosing and treating PCP; this may be associated with

the higher incidence rate of PCP in our study compared to
previous reports. Although 489 patients (64.1%) received
prophylaxis for PCP at some point from baseline to Month
6, none of the 20 patients at the time who developed PCP
had received prophylaxis with trimethoprim-sulfamethox-
azole, which is quite effective against PCP3738, Three
patients who received monthly administration of aerosolized
pentamidine developed PCP, which suggested a limited
prophylactic effect of the drug against PCP3%40, The
unadjusted incidence rate of pulmonary TB in our cohort
was 450/100,000 patient-year, which is apparently higher
than that of the general Japanese population (14/100,000
patient-yr) in 2010. All 3 patients who developed pulmonary
TB had not received prophylactic medication against TB.
The high incidence of PCP and TB wams us to implement
prophylaxis more stringently against these opportunistic
infections.

In the recommendations on the management of medium- to
high-dose glucocorticoid therapy in CTD by the European
League Against Rheumatism?*!, evidence about risk
management of infection was limited to those obtained
from RA cohorts*2434445  which suggests the lack of
high-quality evidence in patient populations of other CTD.
Previous studies assessing risk factors for infections in
patients with CTD have deficiencies in design and
methods!31*15, For proper identification of risk factors for
Pl common to patients with various CTD receiving

" immunosuppressive treatment, an ideal study design should
meet the conditions of large sample sizes, prospective study
design, and appropriate observation period to include the
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