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The steroid-sparing effect of
JAK inhibitors across multiple
patient populations
Paola Conigliaro*, Clara Minerba, Andrea Vendola,
Luigi Fiannacca, Paola Triggianese, Barbara Kroegler,
Elisabetta Greco, Alberto Bergamini and Maria Sole Chimenti

U.O.C. Reumatologia, Dipartimento di Medicina dei Sistemi, Universitá di Roma “Tor Vergata”,
Roma, Italy
Introduction: JAK-inhibitors (JAK-i) represent an effective treatment in

Rheumatoid Arthritis (RA) and Psoriatic Arthritis (PsA). Oral glucocorticoids

(OGC) are commonly used in combination with JAK-i to reach therapeutic

target. We aimed to assess, in a real-life setting, the reduction of OGC dose

during JAK-i treatment in active RA and PsA patients.

Methods: We prospectively enrolled 103 patients (88 RA, 15 PsA) treated with

JAK-i: 24% bio-naïve (b-naïve), 76% bDMARD-insufficient responders (bDMARD-

IR) and 40% difficult to treat (D2T), defined as failure of ≥2 bDMARDs with

different mechanism of action. Disease activity (DAS28 and DAPSA, VAS-pain,

GH) andOGC dose was collected at baseline and after 3, 6 and 12months (T3, T6,

T12) of treatment.

Results: In all the cohort and in b-naïve patients we reported a reduction of OGC

dose at all time-points; bDMARD-IR patients were able to reduce OGC dose at

T3 and T12; D2T ones only at T3. We reported an improvement of disease activity

and withdrawal of OGC as early as three months of therapy, at all time-points,

regardless of line of bDMARD treatment.

Conclusion: Chronic OGC may cause detrimental bone, metabolic,

cardiovascular side effects and infections; therefore JAK-i steroid-sparing

effect may be beneficial for patients in long-term treatment.
KEYWORDS
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1 Introduction

In recent years, there has been an important expansion of the

therapeutic armamentarium for rheumatoid arthritis (RA) and

psoriatic arthritis (PsA). This wide range of treatment options

allows clinicians to select optimal therapies for patients, with the

aims of achieving remission or low disease activity (LDA) and

preventing joint damage. Among emerging therapies, Janus kinase

inhibitors (JAK-i) are a class of oral targeted disease-modifying

drugs (tsDMARDs) that are promising in treating inflammatory

arthritis (1). JAK-i are small molecules that inhibit the

intracellular signaling pathway JAK–STAT, crucially involved in

the inflammatory cascade and immune response. So far, four JAK-

i (baricitinib, tofacitinib, upadacitinib, filgotinib) are approved for

the treatment of RA, three (tofacitinib, upadacitinib, and

filgotinib) for PsA, while other JAK-i are under investigation.

Current therapeutic guidelines place JAK-i at the same level as

biological antirheumatic drugs (bDMARDs), after the failure of

conventional disease-modifying drugs (csDMARDs) for RA

patients (2) and after the failure of at least one bDMARD, as a

second-line treatment, for PsA patients (3). JAK-i efficacy in the

treatment of moderate–severe RA and PsA has been assessed in

randomized clinical trials (4–8). The most common side effect

observed during JAK-i treatment has been infections, especially of

the upper respiratory tract. In addition, reactivation of the herpes

zoster virus (HZV) and alteration in the blood lipid profile have

typically been reported under JAK-i therapy (9, 10). The

Pharmacovigilance Risk Assessment Committee (PRAC) of the

European Medicines Agency (EMA) has recently provided

updated recommendations for the use of all JAK-i approved in

Europe, with a warning for patients older than 65 years old,

smokers, and patients with increased risk of major cardiovascular

events, cancer, and blood clots in the lungs and deep veins (11,

12). Oral glucocorticoids (OGCs) are indicated in the acute

management of RA flares; even though their chronic use is

discouraged for their cumulative metabolic, cardiovascular,

bone, and infective detrimental effects, in clinical practice,

OGCs are commonly used for long-lasting therapies.

CsDMARDs are often associated with bDMARDs and

tsDMARDs, and combination treatments are characterized by a

lower target specificity and present risk of infections and

gastrointestinal and hematological side effects (13). In this real-

life study, we aim to investigate the potential JAK-i steroid-

sparing effect across different multiple patient populations.
2 Materials and methods

Consecutive patients with active RA or PsA treated with first JAK-i

were prospectively enrolled in a single Italian rheumatology center

(Policlinico di Roma “Tor Vergata”, Rome, Italy), from 1 September

2021 to 30 June 2022. Eligible patients had to 1) be ≥18 years old, 2)

fulfill the 2010 ACR/EULAR classification criteria (14) for RA or the

CASPAR criteria (15) for PsA, and 3) have had an insufficient previous

response or intolerance to at least one csDMARD. Patients with any

missing data were excluded from the analysis. The study population
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was first divided into three subgroups: patients who have never

received any bDMARDs or tsDMARDs (b-naive), patients who

failed at least one bDMARD (bDMARD-IR), and difficult-to-treat

patients (D2T) including both patients who satisfy the EULAR

definition of difficult-to-treat RA (16) and PsA patients which failed

at least two bDMARDs with different mechanisms of action. In a

second analysis, the general population was divided into patients

assuming JAK-i monotherapy and patients treated with concomitant

methotrexate. For all the cohorts, demographic data were registered; for

RA patients, we reported the presence of RF and/or ACPA antibodies

or if they were seronegative. All data were collected at baseline and after

3, 6, and 12 months (T3, T6, T12) of treatment. We reported the

number of tender and swollen joints, and C-reactive protein (CRP)

serum level was registered at every time point. We collected data about

disease activity: Disease Activity Score in 28 joints with CRP (DAS28-

CRP) (17) or Disease Activity in Psoriatic Arthritis with CRP (DAPSA-

CRP) (18). DAS28-CRP/DAPSA-CRP scores were used to assess

remission (<2.6 for DAS28, ≤4 for DAPSA): low disease activity

(LDA: ≥2.6 and ≤3.2 for DAS28, >4 and ≤14 for DAPSA), moderate

disease activity (MDA: >3.2 and ≤5.1 for DAS28, >14 and ≤28 for

DAPSA), and high disease activity (>5.1 for DAS28, >28 for DAPSA)

according to the EULAR/ACR recommendations (19, 20). For the

statistical analysis of disease activity, the PsA population was not

divided into subgroups because of the small size of the cohort. All

patients were questioned at baseline and at each time point about

articular pain by using a Visual Analog Scale (VAS-pain) (21)

considering “no pain at all” as score 0 and “worst imaginable pain”

as score 100 and about global health by using the General Health score

(GH) (22) considering “best health status” as score 0 and “worst health

status” as score 100. Radiographs of the hands and feet were obtained at

the time of inclusion, and they were evaluated by an experienced reader

for the presence or absence of erosions. Concomitant oral

glucocorticoid daily dose was also registered at every visit, expressed

in milligrams (mg) as prednisone-equivalent dose (PDN-dose).

Temporary and permanent JAK-i withdrawals were registered along

with the reasons why each patient suspended the treatment duration.

Written informed consent was obtained from all the patients

enrolled in the study, which was conducted in accordance with the

ethical principles of the Declaration of Helsinki, and the study was

approved by the Scientific Ethics Committee of the University of

Rome Tor Vergata, Rome, Italy.
2.1 Statistical analysis

Different subgroups at baseline and different time points were

compared using the non-parametric Wilcoxon signed-rank test and

Mann–Whitney test with paired data, respectively. A multivariable

logistic regression analysis was used to correct the p-value for gender,

age, disease duration, smoking habit, comorbidities, and being a naive

patient (padj). Median survival time and survival curves were obtained

using the Kaplan–Meier curve, along with a log-rank test between the

curves. p-values <0.05 were considered statistically significant.

Statistical analysis was performed using GraphPad Prism version 9

(GraphPad Software, Inc., San Diego, CA, USA) and SPSS software

version 24 for Windows (SPSS Inc., Chicago, IL, USA).
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3 Results

Our cohort included 103 patients with active arthritis (88 RA,

15 PsA) treated with JAK-i: 45 patients received tofacitinib, 44

baricitinib, 8 upadacitinib, and 6 filgotinib. Demographic and

clinimetric baseline characteristics of the study population are

described in Table 1. The majority of the patients were women

(76%) with a mean age of 60 years and an average disease duration

of 11 years. Fifty-seven percent of RA cases were positive for

rheumatoid factor and 48% for anti-citrullinated protein

antibodies. In 56 cases, radiographic erosions of the hands and

feet were present at baseline (60.2% in RA patients and 20% in PsA

patients). A total of 25 (24%) patients were b-naive, 78 (76%)

bDMARD-IR, and 41 (40%) difficult to treat (D2T). At baseline, 54

patients (52%) were concomitantly treated with OGC (12 b-naive,

42 bDMARD-IR, 35 D2T) with an average daily dose of 4.3 mg; 60

patients (58%) were concomitantly treated with a csDMARD.

Table 2 shows the baseline characteristics of the enrolled

population considered as a whole and divided into the following
Frontiers in Immunology 03
subgroups: b-naive, bDMARD-IR, and D2T. At baseline, RA

patients presented moderate disease activity, as shown by DAS28-

CRP in the RA cohort and all subgroups, whereas PsA patients

presented high disease activity, according to DAPSA-CRP in all

categories. At baseline, the CRP serum level of b-naive patients was

higher than the other subgroups, while the patients’ GH, VAS-pain,

and DAS28-CRP were significantly higher in D2T patients than in

b-naive patients (p = 0.0029, p = 0.0020, and p = 0.02, respectively).

We observed a significant improvement of disease activity by

VAS-pain and GH at all time points in the whole population (p <

0.001, p < 0.05, p < 0.0001, p < 0.001, respectively, Table 3). When

patients were divided according to the diagnosis, we observed that

RA patients showed a reduction of DAS28-CRP, VAS-pain, and GH

at all time points (p < 0.0001 for all comparisons), while PsA

patients exhibited a reduction of DAPSA-CRP at all time points (p <

0.05 for all comparisons) and of VAS-pain at T3 (p = 0.01) and T6

(p = 0.04) (Supplementary Table 1).

A significant reduction of DAS28-CRP, VAS-pain, and GH was

observed in b-naive (p < 0.002, p < 0.001, and p < 0.0001,

respectively), bDMARD-IR (p < 0.0001 for all the measures at all

time points), and D2T patients (p < 0.0006 for DAS28-CRP, p <

0.0001 for the others). We did not array patients in the three

subgroups for the DAPSA-CRP score because of the small number

of PsA patients (Table 3). Remission was achieved in the whole

cohort in 19.5% of patients (16/82) at T3, 31% (20/65) at T6, and

30% (15/50) at T12. Likewise, LDA was gained in 36.5% (30/82) at

T3, 54% (35/65) at T6, and 66% (33/50) at T12.
frontiersin.o
TABLE 1 Baseline characteristics of rheumatoid arthritis and psoriatic
arthritis patients receiving JAK inhibitors.

General
population
(n = 103)

Rheumatoid
arthritis
(n = 88)

Psoriatic
arthritis
(n = 15)

Women, n (%) 78 (76%) 68 (72.3%) 10 (66.7%)

Age (years) 60 ± 12 60.0 ± 12.4 55.0 ± 12.4

Disease
duration
(months)

134 ± 88 129.2 ± 90.2 160.3 ± 82.8

DAS28-CRP NA 4.9 ± 1.0 NA

DAPSA-CRP NA NA 41.0 ± 22.2

VAS-pain
(0–100)

73.1 ± 14.5 69.6 ± 15.9 66.1 ± 14.6

GH (0–100) 69.4 ± 14.2 68.4 ± 15.6 66.1 ± 13.6

Tender
joints (n)

10.6 ± 6.4 10.1 ± 6.3 13.3 ± 5.5

Swollen
joints (n)

4.1 ± 5.4 4.4 ± 5.5 3.0 ± 3.6

Erosions, n (%) 56 (54.3%) 53 (60.2%) 3 (20%)

CRP (mg/dl) 0.9 ± 1.2 1.0 ± 1.2 0.6 ± 0.8

JAK-i
monotherapy,
n (%)

43 (42%) 33 (37.5%) 10 (66.7%)

PDN
equivalent dose
per day (mg)

4.3 ± 5.4 4.6 ± 5.5 5.2 ± 4.7
Categorical variables are expressed as number (%); continuous variables are expressed as
mean ± standard deviation.
DAS28-CRP, Disease Activity Score in 28 joints with CRP; NA, not applicable; DAPSA-CRP,
Disease Activity in Psoriatic Arthritis with CRP; VAS-pain, Visual Analogic Scale; GH, patient
General Health score.
TABLE 2 Baseline clinimetrics of rheumatoid arthritis and psoriatic
arthritis patients receiving JAK inhibitors in the study population and in
the three subgroups: bio-naive (b-naive), bDMARD-insufficient
responders (bDMARD-IR), and difficult to treat (D2T).

General
popula-
tion

(n = 103)

b-naive
(n = 25)

bDMARD-
IR

(n = 78)

D2T
(n = 41)

Tender
joints (n)

10.6 ± 6.4 10.8 ± 6.3 10.6 ± 6.4 11.9 ± 6.4

Swollen
joints (n)

4.1 ± 5.4 3.7 ± 5.4 4.3 ± 5.4 5.1 ± 5.4

CRP
(mg/dl)

0.9 ± 1.2 1.4 ± 1.2 0.8 ± 1.2 0.7 ± 1.2

GH (0–100) 67.6 ± 14.2 62.5 ± 14.0 69.2 ± 14.1 69.4 ± 14.2

VAS-pain
(0–100)

68.8 ± 14.5 60.2 ± 14.5 71.5 ± 14.5 73.1 ± 14.5

DAS28-CRP 4.7 ± 1 4.7 ± 1.0 4.7 ± 0.9 4.9 ± 1.1

DAPSA-
CRP

39.6 ± 19.3 42.3 ± 6.8 39.2 ± 19.3 40.1 ± 19.3
Categorical variables are expressed as number (%); continuous variables are expressed as
mean ± standard deviation.
CRP, C-reactive protein; DAS28-CRP, Disease Activity Score in 28 joints with CRP; DAPSA-
CRP, Disease Activity in Psoriatic Arthritis with CRP; VAS-pain, Visual Analog Scale; GH,
patient General Health score.
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In the multivariable analysis (Table 4), being b-naive patients was an

independent factor for achieving remission at T3 and T6 (T3: padj =

0.04, OR 4.9 and T6: padj = 0.04, OR 5.3). Likewise, the presence of

comorbidities was a negative predicting factor of achieving LDA at T3

(padj = 0.01, OR 0.4) and both remission and LDA at T6 (rem: padj =

0.04, OR 0.5 and LDA: padj = 0.002, OR 0.3). Moreover, female sex

was a negative prognostic factor to gain LDA at T6 (padj = 0.02, OR

0.1) and remission at T12 (padj = 0.04, OR 0.2).

In all the cohorts, we reported a statistically significant reduction

of PDN dose at T3 (p < 0.0001), T6 (p = 0.02), and T12 (p = 0.002,

Figure 1A). When patients were divided according to the diagnosis,

RA patients reduced the steroid dose at all time points of the follow-

up (T0 vs. T3: p < 0.0001, T0 vs. T6: p = 0.007, T0 vs. T12: p = 0.0007;

Figure 1B and Supplementary Table 2), while PsA patients reduced

the steroid dose at 3 months of follow-up (T0 vs. T3: p = 0.03,

Figure 1C and Supplementary Table 2). Likewise, b-naive patients
Frontiers in Immunology 04
were able to reduce PDN dose at all time points (p < 0.01 for all

comparisons, Figure 1D). bDMARD-IR patients were able to

significantly reduce PDN dose at T3 (p < 0.0001) and T12 (p =

0.03, Figure 1E); the reduction of OGC dose in D2T patients was

statistically significant only at T3 (p = 0.0001, Figure 1F).

In patients who completed the follow-up, withdrawal of OGC

was observed at all time points in each subgroup. The steroid

withdrawal rate was higher for all subgroups in the first 3 months of

therapy (Table 5).

In order to identify factors associated with steroid withdrawal,

univariable analysis was performed showing a higher prevalence of

non-smokers in patients who suspended steroids during 1 year of

follow-up (86% vs. 14%, p = 0.01), and these data were confirmed in

the multivariable analysis when corrected for sex, age, BMI, and

disease duration (padj = 0.009, OR = 0.06, 95% CI 0.007–0.5).

Steroid withdrawal did not differ according to sex, BMI, disease
TABLE 3 Disease activity of rheumatoid arthritis and psoriatic arthritis patients receiving JAK inhibitors during the follow-up in the study population
(a) and in the three subgroups: (b) bio-naive (b-naive), (c) bDMARD-insufficient responders (bDMARD-IR), and (d) difficult to treat (D2T).

a)

General population (n = 103)

Baseline (n = 103) T3 (n = 103) T6 (n = 84) T12 (n = 60)

DAS28-CRP 4.87 ± 1 3.7 ± 1.1*** 3.4 ± 0.9*** 3.2 ± 0.9***

DAPSA-CRP 41.0 ± 22.2 37.6 ± 22.2* 32.7 ± 15.1* 27.24 ± 3.5*

VAS-pain 73.1 ± 14.5 50.7 ± 19.4*** 43.4 ± 19.9*** 36.5 ± 17.3***

GH 69.4 ± 14.2 49.0 ± 17.6*** 45.3 ± 20.3*** 41.3 ± 15.3***

b)

b-naive (n = 25)

Baseline (n = 25) T3 (n = 25) T6 (n = 22) T12 (n = 16)

DAS28-CRP 4.75 ± 1 2.93 ± 1.1*** 2.85 ± 0.9*** 2.87 ± 0.9**

VAS-pain 60.6 ± 14.6 45.9 ± 19.5*** 31.2 ± 20.0*** 27.1 ± 15.7***

GH 62.5 ± 14.0 38.6 ± 17.9*** 32.3 ± 20.3*** 32.8 ± 14.2***

c)

bDMARD-IR (n = 78)

Baseline (n = 78) T3 (n = 78) T6 (n = 62) T12 (n = 44)

DAS28-CRP 4.7 ± 1 3.6 ± 1.1*** 3.2 ± 0.9*** 3.0 ± 0.9***

VAS-pain 71.5 ± 14.5 47.9 ± 19.3*** 40.3 ± 19.9*** 36.9 ± 17.5***

GH 69.2 ± 14.2 48.9 ± 17.6*** 43.4 ± 20.3*** 38.9 ± 15.8***

d)

D2T (n = 41)

Baseline (n = 41) T3 (n = 41) T6 (n = 34) T12 (n = 24)

DAS28-CRP 4.9 ± 1.0 3.7 ± 1.1*** 3.4 ± 0.9*** 3.2 ± 0.9***

VAS-pain 73.1 ± 14.5 50.7 ± 19.4*** 43.4 ± 19.9*** 36.5 ± 17.3***

GH 69.4 ± 14.2 49.0 ± 17.7*** 45.3 ± 20.3*** 41.3 ± 15.6***
Continuous variables are expressed as mean ± standard deviation. Comparisons were performed with baseline values, *p < 0.05, **p < 0.01, ***p < 0.001 vs. baseline (Wilcoxon signed-rank test).
DAS28-CRP, Disease Activity Score in 28 joints with CRP; DAPSA-CRP, Disease Activity in Psoriatic Arthritis with CRP; VAS-pain, Visual Analog Scale; GH, patient General Health score; T3, 3
months; T6, 6 months; T12, 12 months.
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duration, number of comorbidities, use of JAK-i in monotherapy or

in combination with csDMARD treatment, and being b-naive,

bDMARD-IR, or D2T patients.
3.1 JAK inhibitors in monotherapy and in
combination with csDMARDs

A significant reduction of OGC daily dose was observed in all the

cohorts regardless of the concomitant therapy with any csDMARD at
Frontiers in Immunology 05
all time points. In patients with JAK-i monotherapy (monotp, n = 43),

a significant reduction of OGC dose was observed at T3, T6, and T12

(p < 0.0001, p = 0.0246, and p = 0021, respectively). Likewise, in

patients with a concomitant csDMARD (w/csDMARD, n = 60), OGC

dose was reduced at all time points (p = 0.0275, p = 0.0377, and p =

0.2717, respectively) (Figure 2A). OGC dose did not significantly differ

at any time point between patients on monotherapy and patients w/

csDMARD; only at baseline, patients on monotherapy had a higher

OGC daily dose than patients w/csDMARD (p = 0.040). When RA

patients were analyzed separately, those treated with JAK-i in
TABLE 4 Factors associated with remission and low disease activity in the follow-up.

Remission
T3

LDA
T3

Remission
T6

LDA
T6

Remission
T12

LDA
T12

p OR CI p OR CI p OR CI p OR CI P OR CI p OR CI

Female 0.6 0.7 0.1–
3.1

0.9 0.9 0.2–
3.5

0.3 0.5 0.1–
2.2

0.02 0.1 0.02–
0.7

0.04 0.2 0.02–
1

0.3 0.4 0.06–
2.6

Age 0.9 0.9 0.9–1 0.3 0.9 0.9–1 0.5 1 0.9–
1.1

0.4 1 0.9–
1.1

0.8 0.9 0.9–
1.1

0.4 1 0.9–
1.1

Disease
duration

0.6 1 0.9–1 0.4 1 0.9–1 0.3 1 0.9–
1

0.3 1 0.9–1 0.5 0.9 0.9–1 0.7 0.9 0.9–1

Smoking
history

0.8 1.2 0.3–
4.7

0.1 0.3 0.05–
1.4

0.9 1.1 0.2–
5.3

0.1 0.2 0.03–
1.5

0.5 0.5 0.07–
3.6

0.08 0.2 0.03–
1.2

Comorbidities 0.4 0.5 0.07–
2.9

0.01 0.4 0.003–
0.5

0.04 0.5 0.3–
1

0.002 0.3 0.2–
0.7

0.1 0.6 0.3–
1.2

0.4 0.8 0.4–
1.3

naïve 0.04 4.9 0.9–
27.6

0.6 1.3 0.4–
4.8

0.04 5.3 0.8–
34.2

0.04 7.6 0.9–
60

0.5 2 0.3–
14

0.9 1 0.1–
6.8
frontier
p, p-value; OR, odds ratio; CI, confidence interval.
Significant p values are indicated in bold.
A B C

D E F

FIGURE 1

Oral glucocorticoid dose at all time points in the general population (A), rheumatoid arthritis patients (B), psoriatic arthritis patients (C) receiving JAK
inhibitors, and in the three subgroups: (D) bio-naive (b-naive), (E) bDMARD-insufficient responders (bDMARD-IR), and (F) difficult to treat (D2T). Oral
glucocorticoid daily dose is expressed as the mean prednisone-equivalent dose in milligrams (PDN dose) ± standard error. T3, 3 months; T6, 6
months; T12, 12 months. *p < 0.05, **p < 0.01, ***p < 0.001 vs. baseline (Wilcoxon signed-rank test).
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monotherapy were able to taper their steroid dose throughout the

entire follow-up period (T0 vs. T3: p = 0.01, T0 vs. T6: p = 0.03, T0 vs.

T12: p = 0.01). In contrast, the steroid dose in those patients treated

with JAK-i in combination with csDMARDs did not significantly

decrease during the follow-up. Additionally, at baseline, patients on

monotherapy had a higher steroid dose compared with those on

combination therapy (p = 0.03) (Figure 2B).
3.2 Suspensions and drug survival

Crude drug survival was estimated by the Kaplan–Meier curves,

and the 1-year drug survival (Figures 3A–D) was 79% with 21% (n =

22) of the patients having discontinued therapy before the end of

the first year of treatment. A total of 95 patients reached 3 months

of evaluation, 83 patients reached 6 months of follow-up, and 81

patients reached 1 year of therapy. The average treatment duration

was 11.5 ± 10.2 months. There were no statistically significant

differences in drug survival between male and female patients and

according to the line of treatment (naive vs. other lines) or disease

(Figures 3B–D).

The most common cause of discontinuation was therapeutic

inefficacy, defined as both primary or secondary lack of

effectiveness. In our cohort, 41% (n = 9) of patients suspended

JAK-i therapy for inefficacy, and only one of nine patients was

affected by PsA: one patient was b-naive, four bDMARD-IR, and
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four D2T. Patients with an insufficient therapeutic response

suspended the therapy after an average of 7 ± 10.9 months, with

mean inflammatory and disease activity indexes slightly higher than

the whole suspension cohort (CRP 1.6 ± 5.6 mg/dl, DAS28-CRP 4.6

± 1.2 mg/dl, DAPSA 50.1). The second most common cause of

discontinuation was viral infections (n = 5), and there were two

recurrent reactivations of herpes simplex virus (HSV).

Approximately 75% (n = 4) of patients who suspended the

therapy for viral infections were being treated with concomitant

OGC, with an average PDN-equivalent daily dose higher than the

whole suspension cohort (11.5 ± 6.8 mg). Intolerance to JAK-i

treatment caused the discontinuation in 18% (n = 4) of patients,

with nausea and abdominal bloating as the most common

symptoms. Allergic reactions caused 14% of JAK-i suspensions

(n = 3), and they were all mild with diffuse urticaria for two patients

and lip and tongue swelling for one patient. Of particular interest, in

the whole cohort, one case (4% of suspensions) of major adverse

cardiovascular event (MACE) was registered: an episode of

pulmonary embolism in a 61-year-old lady with hypertension

after 7 months of JAK-i treatment.
4 Discussion

In this study, we demonstrated the clinical effectiveness and

safety profile of JAK-i in Italian patients with active inflammatory
TABLE 5 Oral glucocorticoid dose and withdrawal at all time points in the study population and in three subgroups: bio-naive (b-naive), bDMARD-
insufficient responders (bDMARD-IR), and difficult to treat (D2T).

OGC dose (mg/day) OGC withdrawal (n/tot, %)

T0 T3 T6 T12 T0 T3 T6 T12

General population 4.3 ± 5.4 2.2 ± 4.2*** 2.5 ± 4.3** 1.9 ± 3.3** / 28/54 (52%) 9/26 (35%) 9/17 (53%)

b-naive 3.1 ± 5.4 1.1 ± 4.3** 1.4 ± 4.3** 0.5 ± 3.2** / 5/12 (42%) 2/7 (29%) 5/5 (100%)

bDMARD-IR 4.6 ± 4.3 2.6 ± 4.3*** 2.9 ± 3.3 2.5 ± 2.9* / 21/42 (50%) 9/21 (43%) 4/12 (33%)

D2T 5.8 ± 5.4 2.8 ± 3.8*** 3.7 ± 4.3*** 2.9 ± 3.3* / 18/35 (51%) 7/17 (41%) 4/10 (25%)
Oral glucocorticoid daily dose is expressed as the mean prednisone-equivalent dose in milligrams (PDN dose) ± standard deviation; OGC withdrawal rate is expressed as number of patients who
suspended OGC/number of patients assuming oral glucocorticoid at the beginning of the period considered. Comparisons were performed with baseline values; *p < 0.05, **p < 0.01, ***p < 0.001
vs. baseline (Wilcoxon signed-rank test).
T3, 3 months; T6, 6 months; T12, 12 months.
A B

FIGURE 2

Oral glucocorticoid dose at all time points in the general population (A) and in RA patients (B) receiving JAK inhibitors; the study population was
arrayed in patients with JAK-i monotherapy (monotp) and with concomitant csDMARD (w/csDMARD). Oral glucocorticoid daily dose is expressed as
the mean prednisone-equivalent dose in milligrams (PDN). csDMARD, conventional synthetic disease-modifying antirheumatic drug; T3, 3 months;
T6, 6 months; T12, 12 months.
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arthritis with 1 year of follow-up in real-world settings. In

particular, JAK-i therapy has proven effective in all examined

populations, regardless of whether they were b-naive, bDMARD-

IR, or D2T. This finding is particularly noteworthy, as even in our

case series, patients defined as D2T exhibited worse clinimetrics at

baseline compared with other patients, and in general, a substantial

proportion was classified as D2T (40% of enrolled patients).

Remission and LDA rates were consistent with the literature (23),

with remission rates ranging from 20% to 30% and LDA rates from

36% to 66%. Multivariate analysis for identifying factors associated

with achieving clinical remission demonstrated that b-naive

patients achieve clinical remission five times more often than

other patients (24, 25). Therefore, this observation suggests an

earlier use of JAK-i right after the failure of csDMARDs. On the

contrary, the presence of comorbidities and female sex were

negative prognostic factors for the achievement of treatment

goals. Although it is well-known that comorbidities present a

considerable burden for patients with RA or PsA and that sex

and gender influence inflammatory arthritis manifestations and

course, further studies would be helpful to assess factors predicting

the response to JAK-i therapy (26–30). Literature data suggest that

some comorbidities are more prevalent in the male population, such

as cardiovascular and respiratory diseases and diabetes, while others

like depression and osteoporosis are more prevalent in the female

population (31). In our population, the prevalence of comorbidities

in general was similar between men and women. We previously

demonstrated in cohorts of RA and PsA patients treated with anti-

TNF that female sex and the presence of comorbidities were

negative predicting factors of gaining treatment targets (32).

Women with both RA and PsA have a worse disease course in

terms of disease activity, loss of function, joint destruction, and
Frontiers in Immunology 07
work disability (33). They also appear to show a worse response to

synthetic drugs and bDMARDs, although this result is debated for

the different drugs used (34). This empirical evidence is likely

multifactorial, as sex may influence effectiveness through the

effects of estrogen on immune function, differences in drug

pharmacokinetics/pharmacodynamics, and outcome measures. In

our population, only 12 patients were of childbearing age; therefore,

we did not analyze the differences in this particular reproductive

age. Many studies suggest that a gender imbalance occurs only in

subjective measures such as pain, functional status, and quality of

life (31). Therefore, caution should be taken when a comparison is

performed between male and female subjects since the fulfillment of

the criteria to reach remission relies on patient-reported outcomes

that may differ according to gender (35).

The long-term use of OGC is very common in patients with

inflammatory arthritis, especially in RA patients, as well as in those

treated with JAK-i. It is proven that chronic use of OGC has

detrimental bone, metabolic, cardiovascular, and infectious side

effects (36, 37). We therefore demonstrated, in conformity with

other real-life settings and studies and regardless of the line of

treatment, the steroid-sparing effect of JAK-i in these patients who

undergo long-term OGC therapies (24, 38, 39). It is interesting to

note, regarding the use of steroids, that patients in monotherapy

with JAK-i had a higher baseline steroid dose compared with other

patients. This finding can also be deduced from the fact that patients

with RA receiving combination therapy with csDMARDs start with

a lower steroid dosage and maintain it during the follow-up period.

The steroid withdrawal rate was higher for all subgroups in the first

3 months of therapy, and in these first weeks, we also registered a

significant improvement in patient-reported outcomes, including

VAS-pain and General Health scores, and this effect might be due to
A B

C D

FIGURE 3

Retention rate of JAK-i therapy in 1 year of follow-up in the study population (A), in bDMARD naive vs. other lines (B), in male vs. female patients
(C) and in RA vs. PsA patients (D).
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1376476
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Conigliaro et al. 10.3389/fimmu.2024.1376476
JAK-i action on inflammation and associated chronic pain and

fatigue (40, 41). We registered a higher prevalence of non-smokers

in patients who suspended steroids during the follow-up. Cigarette

smoking is a well-known risk factor for the pathogenesis of RA and

is implicated in its development and severity. In patients with PsA,

it may cause poor response and reduced adherence to treatment (42,

43). Interventions to stop smoking and correct other modifiable risk

factors at a population level would be beneficial for patients. On the

contrary, in the study population, steroid withdrawal did not differ

according to sex, BMI, disease duration, number of comorbidities,

line of therapy, and use of JAK-i in monotherapy or in combination

with csDMARDs.

In the cohort, there were no differences in drug survival between

male and female patients, and according to the line of treatment, in

our opinion, this warrants further analyses with bigger study

samples. The most common cause of JAK-i discontinuation was

therapeutic inefficacy, followed by viral infections, especially

recurrent reactivation of HSV. Most of the patients who

suspended therapy for viral infections were being treated with

concomitant OGC, with an average daily dose higher than the

whole suspension cohort. Only one case of MACE was observed in

the study cohort in an elderly patient with a history of hypertension,

dyslipidemia, prior transient ischemic attack, and heterozygous

MTHFR A1298C mutation. The patient who experienced

pulmonary embolism had a seropositive RA and was treated with

baricitinib in combination with leflunomide and 7.5 mg/day of

prednisone. We acknowledge that the alert regarding the risk of

thromboembolic events with JAK-i was adopted in Italy in

November 2022. Patients included in this study were relatively

old, with several associated comorbidities and long average disease

duration, and most of them had already failed previous bDMARDs

therapy (bDMARD-IR, D2T). The latter group of patients

presented worse baseline clinimetrics than b-naive patients.

There are some limitations of this study associated with the type

of prospective cohort, i.e., the small number of patients with PsA

enrolled due to the fact that JAK-i received approval and

reimbursement in Italy only in March 2022, the short follow-up

time that needs to be extended, participant loss during follow-up

leading to a decrease in sample size and potentially influencing

results, control of external variables that might affect the results over

time and, finally, potential selection bias that could render the

results non-generalizable. Certainly, other types of studies, such as

randomized controlled trials, are more suitable for establishing

cause-and-effect relationships.

Despite these limitations, the study has numerous advantages,

such as the possibility to have data over time allowing the

establishment of the temporal sequence of events, the accurate

real-time data collection for the assessment of remission and LDA

rates, and the estimation of the factors associated with clinical

remission. This real-life study closely reflects the conditions and

variables of everyday clinical practice, making it more generalizable

to the external world. Furthermore, it was possible to include

different populations, such as D2T patients, who are typically

excluded from randomized controlled trials, as well as those with
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comorbidities that reflect the complexities of daily clinical practice.

This study provides important real-life information on the

possibility of reducing steroids in treated patients. These data

allow us to consider this type of treatment for patients where

steroids are more harmful, thereby enabling a reduced use

of steroids.
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2. Smolen JS, Landewé RBM. EULAR recommendations for the management of
rheumatoid arthritis with synthetic and biological disease-modifying antirheumatic drugs:
2019 update. Ann Rheum Dis. (2020) 79:685–99. doi: 10.1136/annrheumdis-2019-216655

3. Gossec L, Baraliakos X. EULAR recommendations for the management of
psoriatic arthritis with pharmacological therapies: 2019 update. Ann Rheum Dis.
(2020) 79:700–12. doi: 10.1136/annrheumdis-2020-217159

4. Dougados M, van der Heijde D. Baricitinib in patients with inadequate response
or intolerance to convetional synthetic DMARDs: results from the RA-BUILD study.
Ann Rheum Dis. (2017) 76:88–95. doi: 10.1136/annrheumdis-2016-210094

5. Fleischmann R, Mysler E. Efficacy and safety of tofacitinib monotherapy, tofacitinib
with methotrexate, and adalimumab with methotrexate in patients with rheumatoid arthritis
(ORAL Strategy): a phase 3b/4, double-blind, head-to-head, randomised controlled trial.
Lancet. (2017) 390:457–68. doi: 10.1016/S0140-6736(17)31618-5

6. Mease PJ, Lertratanakul A. Upadacitinib for psoriatic arthritis refractory to
biologics: SELECT-PsA 2. Ann Rheum Dis. (2021) 80:312–20. doi: 10.1136/
annrheumdis-2020-218870

7. Fleischmann R, Mysler E. Long-term safety and efficacy of upadacitinib or
adalimumab in patients with rheumatoid arthritis: results through 3 years from the
SELECT-COMPARE study. RMD Open. (2022) 8:e002012. doi: 10.1136/rmdopen-
2021-002012

8. Genovese MC, Kalunian K. Effect of filgotinib vs placebo on clinical response in
patients with moderate to severe rheumatoid arthritis refractory to disease-modifying
antirheumatic drug therapy: the FINCH 2 randomized clinical trial. JAMA. (2019)
322:315–25. doi: 10.1001/jama.2019.9055

9. Clarke B, Yates M. The safety of JAK-1 inhibitors. Rheumatol (Oxford). (2021) 60:
ii24–30. doi: 10.1093/rheumatology/keaa895

10. Alves C, Penedones A. The risk of infections associated with JAK inhibitors in
rheumatoid arthritis: A systematic review and network meta-analysis. J Clin
Rheumatol. (2022) 28:e407–14. doi: 10.1097/RHU.0000000000001749

11. Atzeni F, Popa CD. Safety of JAK inhibitors: focus on cardiovascular and
thromboembolic events. Expert Rev Clin Immunol. (2022) 18:233–44. doi: 10.1080/
1744666X.2022.2039630

12. EMA recommends measures to minimize risk of serious side effects with Janus kinase
inhibitors. Available online at: https://www.ema.europa.eu/en/news/ema-recommends-
measures-minimise-risk-serious-side-effects-janus-kinase-inhibitors-chronic.

13. Oray M, Abu Samra K. Long-term side effects of glucocorticoids. Expert Opin
Drug Saf. (2016) 5:457–65. doi: 10.1517/14740338.2016.1140743

14. Kay J, Upchurch KS. ACR/EULAR 2010 rheumatoid arthritis classification
criteria. Rheumatol (Oxford). (2012) 51:vi5–9. doi: 10.1093/rheumatology/kes279

15. Taylor W, Gladman D. Classification criteria for psoriatic arthritis: development
of new criteria from a large international study. Arthritis Rheumatol. (2006) 54:2665–
73. doi: 10.1002/art.21972

16. Nagy G, Roodenrijs NMT. EULAR definition of difficult-to-treat rheumatoid
arthritis. Rheum Dis. (2021) 80:31–5. doi: 10.1136/annrheumdis-2020-217344

17. Fransen J, Van Riel PL. The Disease Activity Score and the EULAR response
criteria. Rheum Dis Clin North Am. (2009) 35:745–57. doi: 10.1016/j.rdc.2009.10.001

18. Smolen JS, Schoels M. Disease activity and response assessment in psoriatic
arthritis using the Disease Activity index for PSoriatic Arthritis (DAPSA). A Brief
Review Clin Exp Rheumatol. (2015) 33:S48–50.

19. Studenic P, Aletaha D. American College of Rheumatology/EULAR remission
criteria for rheumatoid arthritis: 2022 revision. Arthritis Rheumatol. (2023) 75:15–22.
doi: 10.1002/art.42347

20. Acosta Felquer ML. Ferreyra Garrott L.Remission criteria and activity indices in
psoriatic arthritis. Clin Rheumatol. (2014) 33:1323–30. doi: 10.1007/s10067-014-2626-y
21. Boonstra AM, Schiphorst Preuper HR. Reliability and validity of the visual
analogue scale for disability in patients with chronic musculoskeletal pain. Int J Rehabil
Res. (2008) 31:165–9. doi: 10.1097/MRR.0b013e3282fc0f93

22. Khan NA, Spencer HJ. Patient's global assessment of disease activity and patient's
assessment of general health for rheumatoid arthritis activity assessment: are they equivalent?
Ann Rheum Dis. (2012) 71:1942–9. doi: 10.1136/annrheumdis-2011-201142

23. D'Alessandro F, Cazzato M. ToRaRI (Tofacitinib in Rheumatoid Arthritis a
Real-Life experience in Italy): Effectiveness, safety profile of tofacitinib and
concordance between patient-reported outcomes and physician's global assessment
of disease activity in a retrospective study in Central-Italy. Clin Rheumatol. (2023) 43
(2):657–65. doi: 10.1007/s10067-023-06836-w

24. Takahashi N, Asai S. Predictors for clinical effectiveness of baricitinib in
rheumatoid arthritis patients in routine clinical practice: data from a Japanese
multicenter registry. Sci Rep. (2020) 10:21907. doi: 10.1038/s41598-020-78925-8

25. Tesei G, Cometi L. Baricitinib in the treatment of rheumatoid arthritis: clinical
and ultrasound evaluation of a real-life single-centre experience. Ther Adv
Musculoskelet Dis. (2021) 13:1759720X211014019. doi: 10.1177/1759720X211014019

26. Ferguson LD, Siebert S. Cardiometabolic comorbidities in RA and PsA: lessons
learned and future directions. Nat Rev Rheumatol. (2019) 15:461–74. doi: 10.1038/s41584-
019-0256-0

27. Tarannum S, Leung YY. Sex- and gender-related differences in psoriatic arthritis.
Nat Rev Rheumatol. (2022) 18:513–26. doi: 10.1038/s41584-022-00810-7

28. Lubrano E, Scriffignano S. Psoriatic arthritis in males and females: differences
and similarities. Rheumatol Ther. (2023) 10:589–99. doi: 10.1007/s40744-023-00535-3

29. Conigliaro P, Triggianese P. Factors predicting 2 years of remission and low
disease activity in rheumatoid arthritis patients treated with TNF-inhibitors. Isr Med
Assoc J. (2017) 19(8):467–72.

30. Venetsanopoulou AI, Alamanos Y. Epidemiology of rheumatoid arthritis:
genetic and environmental influences. Expert Rev Clin Immunol. (2022) 18:923–31.
doi: 10.1080/1744666X.2022.2106970

31. Carmona L, Aurrecoechea E. Tailoring rheumatoid arthritis treatment through a
sex and gender lens. J Clin Med. (2024) 13:55. doi: 10.3390/jcm13010055

32. Chimenti MS, Triggianese P. A 2-year observational study on treatment targets
in psoriatic arthritis patients treated with TNF inhibitors. Clin Rheumatol. (2017)
36:2253–60. doi: 10.1007/s10067-017-3769-4

33. Tengstrand B, Ahlmén M. The influence of sex on rheumatoid arthritis: a
prospective study of onset and outcome after 2 years. J Rheumatol. (2004) 31:214–22.

34. Klein SL, Flanagan KL. Sex differences in immune responses. Nat Rev Immunol.
(2016) 16:626–38. doi: 10.1038/nri.2016.90

35. Sokka T, Toloza SQUEST-RA Group. Women, men, and rheumatoid arthritis:
analyses of disease activity, disease characteristics, and treatments in the QUEST-RA
study. Arthritis Res Ther. (2009) 11:R7. doi: 10.1186/ar2591

36. Strehl C, Bijlsma JW. Defining conditions where long-term glucocorticoid
treatment has an acceptably low level of harm to facilitate implementation of
existing recommendations: viewpoints from an EULAR task force. Ann Rheum Dis.
(2016) 75:952–7. doi: 10.1136/annrheumdis-2015-208916

37. Bergstra SA, Sepriano A. Efficacy, duration of use and safety of glucocorticoids: a
systematic literature review informing the 2022 update of the EULAR
recommendations for the management of rheumatoid arthritis. Ann Rheum Dis.
(2023) 82:81–94. doi: 10.1136/ard-2022-223358

38. Spinelli FR, Garufi C. Tapering and discontinuation of glucocorticoids in
patients with rheumatoid arthritis treated with tofacitinib. Sci Rep. (2023) 13:15537.
doi: 10.1038/s41598-023-42371-z

39. Guidelli GM, Viapiana O. Efficacy and safety of baricitinib in 446 patients with
rheumatoid arthritis: a real-life multicentre study. Clin Exp Rheumatol. (2021) 39:868–
73. doi: 10.55563/clinexprheumatol/pudtpo
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2024.1376476/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1376476/full#supplementary-material
https://doi.org/10.1016/S0140-6736(21)00438-4
https://doi.org/10.1136/annrheumdis-2019-216655
https://doi.org/10.1136/annrheumdis-2020-217159
https://doi.org/10.1136/annrheumdis-2016-210094
https://doi.org/10.1016/S0140-6736(17)31618-5
https://doi.org/10.1136/annrheumdis-2020-218870
https://doi.org/10.1136/annrheumdis-2020-218870
https://doi.org/10.1136/rmdopen-2021-002012
https://doi.org/10.1136/rmdopen-2021-002012
https://doi.org/10.1001/jama.2019.9055
https://doi.org/10.1093/rheumatology/keaa895
https://doi.org/10.1097/RHU.0000000000001749
https://doi.org/10.1080/1744666X.2022.2039630
https://doi.org/10.1080/1744666X.2022.2039630
https://www.ema.europa.eu/en/news/ema-recommends-measures-minimise-risk-serious-side-effects-janus-kinase-inhibitors-chronic
https://www.ema.europa.eu/en/news/ema-recommends-measures-minimise-risk-serious-side-effects-janus-kinase-inhibitors-chronic
https://doi.org/10.1517/14740338.2016.1140743
https://doi.org/10.1093/rheumatology/kes279
https://doi.org/10.1002/art.21972
https://doi.org/10.1136/annrheumdis-2020-217344
https://doi.org/10.1016/j.rdc.2009.10.001
https://doi.org/10.1002/art.42347
https://doi.org/10.1007/s10067-014-2626-y
https://doi.org/10.1097/MRR.0b013e3282fc0f93
https://doi.org/10.1136/annrheumdis-2011-201142
https://doi.org/10.1007/s10067-023-06836-w
https://doi.org/10.1038/s41598-020-78925-8
https://doi.org/10.1177/1759720X211014019
https://doi.org/10.1038/s41584-019-0256-0
https://doi.org/10.1038/s41584-019-0256-0
https://doi.org/10.1038/s41584-022-00810-7
https://doi.org/10.1007/s40744-023-00535-3
https://doi.org/10.1080/1744666X.2022.2106970
https://doi.org/10.3390/jcm13010055
https://doi.org/10.1007/s10067-017-3769-4
https://doi.org/10.1038/nri.2016.90
https://doi.org/10.1186/ar2591
https://doi.org/10.1136/annrheumdis-2015-208916
https://doi.org/10.1136/ard-2022-223358
https://doi.org/10.1038/s41598-023-42371-z
https://doi.org/10.55563/clinexprheumatol/pudtpo
https://doi.org/10.3389/fimmu.2024.1376476
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Conigliaro et al. 10.3389/fimmu.2024.1376476
40. Felis-Giemza A, Massalska M. Potential mechanism of fatigue induction and its
management by JAK inhibitors in inflammatory rheumatic diseases. J Inflammation
Res. (2023) 16:3949–65. doi: 10.2147/JIR.S414739

41. Salaffi F, Carotti M. Early response to JAK inhibitors on central sensitization and
pain catas t rophiz ing in pat i ents wi th ac t ive rheumatoid ar thr i t i s .
Inflammopharmacology. (2022) 30:1119–28. doi: 10.1007/s10787-022-00995-z
Frontiers in Immunology 10
42. Zhao SS, Holmes MV. The impact of education inequality on rheumatoid
arthritis risk is mediated by smoking and body mass index: Mendelian
randomization study. Rheumatol (Oxford). (2022) 61:2167–75. doi: 10.1093/
rheumatology/keab654

43. Gazel U, Ayan G. The impact of smoking on prevalence of psoriasis and psoriatic
arthritis. Rheumatol (Oxford). (2020) 59:2695–710. doi: 10.1093/rheumatology/keaa179
frontiersin.org

https://doi.org/10.2147/JIR.S414739
https://doi.org/10.1007/s10787-022-00995-z
https://doi.org/10.1093/rheumatology/keab654
https://doi.org/10.1093/rheumatology/keab654
https://doi.org/10.1093/rheumatology/keaa179
https://doi.org/10.3389/fimmu.2024.1376476
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	The steroid-sparing effect of JAK inhibitors across multiple patient populations
	1 Introduction
	2 Materials and methods
	2.1 Statistical analysis

	3 Results
	3.1 JAK inhibitors in monotherapy and in combination with csDMARDs
	3.2 Suspensions and drug survival

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


