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Abstract

Objectives. The use of biologic and targeted synthetic (b/ts) DMARDs in the treatment of RA is increasing.

Therefore, prevention of b/tsDMARDs-induced infection is important. Here we describe a prophylaxis protocol for

preventing pneumocystis pneumonia (PCP) in RA patients treated with b/tsDMARDs.

Methods. The study subjects were 3787 RA patients from the FIRST registry. They were divided into cohort 1

(n¼807, requiring prophylaxis against PCP based on physicians’ assessment at the point of new treatment with or

switch to b/tsDMARDs) and cohort 2 (n¼2980, receiving strategic PCP prophylaxis). The incidence and risk factors

for PCP were investigated.

Results. Twenty-six PCP cases were observed throughout the study. After the introduction of strategic PCP

prophylaxis, PCP incidence diminished from 0.51/100 person-years (PYs) to 0.21/100 PYs (risk ratio¼0.42).

Sulfamethoxazole and trimethoprim in combination (SMX–TMP) showed greater efficacy in the prevention of PCP

than pentamidine inhalation (P <0.0001). The prophylaxis rate increased chronologically despite the falls in the

average SMX–TMP dose and in the incidence of PCP. Subanalysis of the data for 929 patients from both groups

who did not receive prophylaxis showed that old age, high BMI, coexisting lung diseases, low lymphocyte count,

and low serum IgG levels increased the risk of PCP development. Development of PCP could be predicted (using

an equation based on these variables) in patients not treated with glucocorticoids [area under the curve

(AUC)¼ 0.910)], but less accurately in those on glucocorticoids (AUC¼ 0.746).

Conclusions. Our study clarified the risk factors for PCP in RA patients on b/tsDMARDs treatment and high-

lighted and defined the criteria for effective prophylaxis against PCP.
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Introduction

Biologics and targeted synthetic DMARDs (b/tsDMARDs)

are indispensable in the treatment of RA [1, 2]. b/

tsDMARDs are clinically efficacious, though special atten-

tion should be paid with regard to the potential of occur-

rence of infectious diseases, including opportunistic
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infections [3–11]. Despite accumulating evidence and clin-

ical information about b/tsDMARDs treatment, there is cur-

rently no clear strategy for preventing opportunistic

infections in patients treated with b/tsDMARDs [12, 13].

Pneumocystis pneumonia (PCP) is a common and

sometimes lethal opportunistic infection in patients with

HIV and in patients treated with antitumor agents or

immunosuppressants [14]. While the incidence of PCP is

lower in non-HIV patients than in HIV patients [14], the

reported mortality in RA patients treated with

b/tsDMARDs (28.9–30.8% [15, 16]) is higher than that in

HIV patients (10–20%) [14]. In both groups of patients,

there is no doubt that PCP is associated with a high risk

of death. In this setting, there is extensive work on PCP

in both HIV and non-HIV patients [14, 17].

Sulfamethoxazole and trimethoprim in combination

(SMX–TMP), pentamidine inhalation and atovaquone are

widely used in HIV patients as well as in non-HIV

patients to suppress PCP; however, all these groups of

drugs can cause side effects and thus preclude their

use for PCP prophylaxis in at least some patients at risk

of PCP [17].

The reported incidence of PCP in RA patients treated

with b/tsDMARDs varies from one country to another,

e.g. 0.1–0.4% in Japan [3–5, 10, 11] and 0.02–0.04% in

Western countries [6, 9]. Japanese post-marketing

surveillance indicates that all modes of action of

b/tsDMARDs can trigger PCP development [3–5, 10,

11]. Of note, an increase in the incidence of PCP has

been reported in developing countries with rising gross

domestic product [18], where an expansion of the

b/tsDMARDs market is also expected. Therefore, it is

critical that a prophylaxis strategy against PCP in RA

patients under b/tsDMARDs treatment be formulated,

and preferable that this strategy is mentioned in

international guidelines.

Hence, the present study was designed to establish

an appropriate prophylaxis strategy against PCP in RA

patients on b/tsDMARDs treatment. The study included

3787 RA patients treated with b/ts DMARDs in a real-

world setting and re-evaluated the criteria for

prophylaxis that we have reported previously [19]. We

provide here revised criteria that reflect the change in

patients’ characteristics over time and the increased

choice of b/tsDMARDs on the market.

Patients and methods

Data source and study design

Data was collected from the registry of RA patients (the

FIRST registry [20–25], available at The First Department

of Internal Medicine, School of Medicine, University of

Occupational and Environmental Health, Japan and its

affiliated facilities). In this registry, all registered RA

patients were enrolled in a long-term observational

study at the point of new (or switching to) a prescription

of b/tsDMARDs. Clinical information, including patients’

demographics, RA disease activity, results of laboratory

tests, patient-reported outcomes, treatment details and

adverse events were collected at the time of enrolment,

after 2 weeks, 3 months, 6 months, 1 year and then every

year during the period of observation. Patients were

censored when the b/tsDMARDs treatment was

discontinued. To evaluate the effect of the number of

failed b/ts DMARDs and the mechanism of action of

b/ts DMARDs, participants who underwent b/tsDMARDs

switch prescription were censored and registered again

as new participants (i.e. analysis on a per-registration

basis).

Two subcohorts from the FIRST registry were

included in the present study, and the incidence of PCP

under two different prophylaxis strategies was

estimated. From August 2003 to September 2009, use

of PCP prophylaxis was considered solely based on

physician’s assessments at the point of new or switch

prescription of b/tsDMARDs, and took into consideration

various factors such as participant’s age, ability to carry

out the activities of daily living, liver function tests, renal

function tests, pulmonary status, and past history of

infectious diseases (cohort 1). After October 2009,

participants underwent PCP prophylaxis based on

published prophylaxis criteria [19] plus physicians’

assessment (¼ strategic PCP prophylaxis, cohort 2). In

the present study, patient follow-up was undertaken at

the PCP onset, and 90 days after discontinuation of

b/tsDMARDs or at the point of loss to follow-up.

End points

The primary end point was the incidence of PCP in each

cohort. The secondary end points were the rate of se-

vere adverse events due to PCP prophylaxis and the

rate of PCP prophylaxis in each cohort.

PCP prophylaxis

PCP prophylaxis includes either oral SMX–TMP at

80–560 mg/week, pentamidine 300 mg inhalation per

visit or oral atovaquone 1500 mg once daily. The

prophylaxis regimen was decided by the attending

physician and tailored to the participant’s clinical condi-

tions, such as drug allergy, liver dysfunction, and chron-

ic kidney disease. Strategic prophylaxis for PCP

systemically placed the participants in cohort 2 if they

fulfilled two or more of the following criteria: (i) age

�65 years, (ii) presence of lung disease, (iii) concomitant

use of oral glucocorticoids (GCs) [19]. Lung diseases

were defined as interstitial pneumonitis, pleuritis, diffuse

panbronchiolitis, bronchiectasis, old tuberculosis or

inflammatory nodules detected on chest X-ray/CT. PCP

prophylaxis was not applied for some participants,

despite their fulfilling the above prophylaxis criteria (e.g.

those who did not consent to receive prophylaxis).

Diagnosis of PCP

We used the PCP diagnostic approach described in de-

tail previously [19]. Briefly, participants with progressive

hypoxaemia and interstitial pneumonia were diagnosed
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with PCP based on the presence of elevated serum b-D

glucan and/or positivity for Pneumocystis jirovecii PCR

[26] in the sputum or broncho-alveolar lavage fluid.

Statistical analysis

JMP Pro 15 software (SAS Institute, Cary, NC) was used

for statistical analysis. Descriptive statistics (mean, S.D.,

median, interquartile range, percentage) were used to

examine differences at enrolment. The Student’s t test

or Mann–Whitney U test were used in the comparison of

two groups. The v2 test was used for comparing cat-

egorical variables unless otherwise indicated. The Log

rank test was used for comparison of the incidence of

PCP between the two cohorts. The incidence of PCP

was estimated by the Cox proportional hazards model

and logistic regression in an intention-to-treat analysis

(with regard to PCP prophylaxis). Age, concomitant GC

use, coexisting lung diseases, BMI, estimated glomeru-

lar filtration rate, peripheral blood neutrophil count, per-

ipheral blood lymphocytes count, serum albumin, and

serum IgG were tested as independent variables for uni-

variable and multivariable analysis. Missing data was

recovered by the low rank matrix approximation method.

The bootstrapping technique was used for the internal

validation of PCP incidence estimation for 1000 replica-

tions. All reported P values were two-sided and not

adjusted for multiple testing. P values <0.05 denoted

the presence of statistically significant difference.

Ethical considerations

This study complied with the Declaration of Helsinki,

and the study protocol was approved by the Ethics

Committee of the University of Occupational and

Environmental Health School of Medicine (#04–23).

Informed consent was obtained from all participants in

appropriate methods based on the Ethical Guidelines for

Medical and Health Research Involving Human Subjects

issued by the Japanese Ministry of Health, Labour and

Welfare in April 2015. In practice, written informed con-

sent was obtained from the participants enrolled into the

study after April 2015. Otherwise, written or verbal

informed consent was obtained from the participants.

Results

A total of 3787 individuals were enrolled in this study.

Cohort 1 included 807 participants, and 113 underwent

PCP prophylaxis (SMX–TMP n¼113, pentamidine n¼ 4).

Thirteen PCP cases were observed in this cohort. PCP

developed in one case despite the administration of the

prophylaxis at study baseline, and in 12 who did not re-

ceive prophylaxis. In cohort 2, PCP prophylaxis was

administrated to 1512 participants (SMX–TMP n¼ 1411,

pentamidine n¼ 98, atovaquone n¼ 3) and 13 PCP

cases were observed from this cohort [7 from the group

who were administered prophylaxis at baseline, and 6

from the non-prophylaxis group (Fig. 1)]. The PCP mor-

tality rate was 11.5% (3/26) in this study.

The background characteristics of the participants of

the two cohorts varied widely (Table 1). Briefly, partici-

pants with disadvantages with respect to susceptibility

to PCP, such as old age [58 (14) vs 62 (14), P <0.0001]

and more complications [e.g. past history of pneumonia

(no/yes) 3.0% vs 8.7%, P <0.0001, past history of ma-

lignancy (no/yes) 6.2% vs 10.9%, P <0.0001, or past

history of bone fracture (no/yes) 6.7% vs 14.4%, P

<0.0001, coexisting lung disease (no/yes) 18.2% vs

27.0%, P <0.0001] were treated with b/tsDMARDs ear-

lier and in less severe disease state [disease duration

71 months vs 59 months P ¼ 0.01, clinical disease activ-

ity index (CDAI) 29.5 (14.2) vs 25.4 (12.8), P <0.0001] in

cohort 2. Cohort 1 included patients with treatment

including TNF inhibitors and IL-6 receptor inhibitors,

whereas cohort 2 included patients treated in addition

with cytotoxic lymphocyte antigen 4 (CTLA4)-Ig (n¼ 630)

and janus kinase (JAK) inhibitors (n¼ 263).

For cohorts 1 and 2, 25.2% and 27.1% (P ¼0.29) of

the participants fulfilled the prophylaxis criteria, re-

spectively, and PCP prophylaxis was provided to more

participants of cohort 2 (50.7%) (Table 1). However, no

severe adverse events due to PCP prophylaxis were

observed in either cohort 1 (observation period: 2559

person-years; PYs) or cohort 2 (6048 PYs). Predictably,

the PCP incidence was suppressed from 0.51/100 PYs

to 0.21/100 PYs by strategic PCP prophylaxis (risk

ratio¼ 0.42, 95% CI 0.20, 0.91, Log rank P ¼0.02.

Fig. 2) during the observational period (up to

5251 days, median, 617 days). This result was reprodu-

cible in the per-person analysis: the PCP rate fell from

0.48/100 PYs to 0.20/100 PYs (risk ratio¼ 0.43, 95% CI

0.20, 0.92, Log rank P ¼0.01, data not shown).

Supplementary Table S1 (available at Rheumatology

online) provides details on the PCP prophylaxis profile at

the study baseline. The PCP incidence increased with

increased number of coexisting risk factors from 0.2%

(no risk factor) to 11.1% (3 risk factors); however, PCP

prophylaxis suppressed the risk factors–dependent in-

crease in PCP incidence in both cohorts (no risk factor,

0.0%; 1 risk factor, 0.3%; 2 risk factors, 1.0%; 3 risk

factors, 0.0%; Supplementary Table S1, available at

Rheumatology online).

Of note, 8 participants throughout the study devel-

oped PCP despite having received prophylaxis at base-

line (Fig. 1 and Table 1). Furthermore, each was being

treated with either pentamidine inhalation prophylaxis

(n¼5) or untreated with any prophylaxis (n¼3) at the

time of PCP onset. On the other hand, no PCP was

observed in participants treated with SMX–TMP prophy-

laxis (P <0.0001, Supplementary Table S2, available at

Rheumatology online), suggesting that SMX–TMP is the

preferable prophylaxis. However, SMX–TMP is known to

be associated with a considerable rate of adverse

events. Indeed, 11.4% of participants discontinued the

regular prophylaxis dose of SMX–TMP (560 mg TMP/

week) due to adverse events in another cohort study

conducted at our hospital (data not shown). Therefore,

we de-escalated the prophylaxis dose of SMX–TMP
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from 2012 with reference to a new regimen using a

lower dose SMX–TMP known to be associated with

less adverse events [27]. The incidence of PCP in this

study decreased chronologically from 3.4/100 PYs in

2004 to 0/100 PYs in 2019, although the SMX–TMP

dose in the prophylaxis was reduced from 454 mg/

week in 2004 to 275 mg/week in 2019 on average

(Supplementary Fig. S1, available at Rheumatology on-

line). These data suggest that a lower dose of SMX–

TMP can be effective in preventing PCP in RA patients

treated with b/tsDMARDs.

The current criteria for PCP prophylaxis are based on

(i) age �65 years, (ii) existing lung disease, and (iii) GC

use. Under this system, patients on GCs are eligible for

prophylaxis if they fulfil either condition (i) or (ii), whereas

those not treated with GCs have to fulfil both criteria (i)

and (ii). However, a considerable proportion of the RA

patients in cohort 2 were not treated with GCs, and thus

would have been considered ineligible for prophylaxis.

Does this underestimate the risk? In our study, there

was a considerable difference in GC usage between the

two cohorts (cohort 1, 46.9%; cohort 2, 22.1%; P

<0.0001, Table 1). To analyse the importance of GCs on

the prophylaxis protocol, we pooled together the data

for 122 participants in cohort 2 who were not on

prophylaxis despite their eligibility to be on prophylaxis

with that for 807 subjects of cohort 1 for further analysis.

Three models were generated by backward multivariable

Cox proportional hazards regression: model 1, which

included age, serum albumin and serum IgG; model 2,

which included age, coexisting lung disease, BMI,

peripheral blood lymphocyte count and serum IgG; and

model 3, which included age only. To avoid any selec-

tion bias for the 929 participants, we used the boot-

strapping resampling method, which added support to

the robustness of the three models (Table 2). To

estimate the risk of PCP in the individual patient, we

used logistic regression analysis, with the independent

variables selected for each model (Table 3). Receiver

operating characteristic (ROC) analysis showed that

model 2 was the best in predicting PCP onset

[sensitivity¼1.00, specificity¼ 0.805 and area under the

curve (AUC)¼0.910 for the GC (�) group;

sensitivity¼0.778, specificity¼0.722 and AUC¼ 0.746

for GC (þ) group]. Notably, all three models were less

effective in the prediction of PCP onset in the GC (þ)

group (Table 4 and Supplementary Fig. S2, available at

Rheumatology online). The cut-off values for PCP risk

estimation with model 2 calculated from the ROC curves

were; 0.0176 for GC (–) and 0.0250 for GC (þ).

FIG. 1 Study flow chart

RA patients were enrolled in the study at the time of administration of biologics/targeted synthetic DMARDs.

Prophylaxis against PCP was considered based on physician’s decision in cohort 1. In cohort 2, prophylaxis was

based on certain criteria (�2 risk factors, including age � 65, concomitant glucocorticoid use, coexisting lung dis-

ease. Background information about PCP risk factors was not available in one PCP case in cohort 1 (indicated as

‘Not available‘). PCP: Pneumocystis pneumonia; Prophylaxis (þ); participants received PCP prophylaxis, PCP (þ);

participants developed PCP. SMX–TMP: sulfamethoxazole and trimethoprim in combination.
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TABLE 1 Background characteristics of study participants

Cohort 1 Cohort 2

Aug 2003–Sept 2009 Oct 2009–Dec 2019 P-value

Number of patients 807 2980
Age 58 (14) 62 (14) <0.0001

�65 (years) 35.4 48.3 <0.0001
Sex, female (%) 83.1 80.4 0.08
RA disease backgrounds
Disease duration (month) 71 (21, 168) 59 (14, 145) 0.01
Stage <0.0001

I (%) 14.0 23.8
II (%) 41.4 43.9
III (%) 20.3 17.7

IV (%) 24.3 14.6
RF, positive (%) 85.4 78.0 <0.0001
ACPA, positive (%) 80.9 75.1 0.10

Treatment of RA
b/ts-DMARDs <0.0001

TNF inhibitors 700 1483
IL-6R inhibitors 106 604
CTLA4-Ig 0 630

JAK inhibitors 0 263
Others 1 0

Number of past b/ts-
DMARDs use

0.2 (0.5) 0.7 (1.0) <0.0001

b/ts-DMARDs naı̈ve (%) 83.9 57.5 <0.0001
Concomitant MTX use (%) 81.9 73.7 <0.0001

MTX dose (mg/week) 8 (8, 10) 12 (8, 16) <0.0001
Concomitant GC use (%) 46.9 22.1 <0.0001

GC dose, prednisone
equivalent (mg/day)

5.0 (2.5, 5) 5.0 (2.5, 7.5) 0.0002

RA disease activity
CRP (mg/dl) 1.70 (0.50, 4.08) 0.88 (0.17, 2.94) <0.0001
ESR (mm/h) 52 (31, 77) 44 (22, 75) <0.0001

MMP-3 (pg/ml) 201 (101, 377) 135 (63, 296) <0.0001
CDAI 29.5 (14.2) 25.4 (12.8) <0.0001
HAQ 1.330 (0.819) 1.314 (0.845) 0.35

Past history and
comorbidity
Pneumonia (%) 3.0 8.7 <0.0001
Malignancy (%) 6.2 10.9 <0.0001

Fracture (%) 6.7 14.4 <0.0001
Coexisting lung disease
(%)

18.2 27.0 <0.0001

Other clinical features
BMI (kg/m2) 21.5 (3.5) 22.3 (4.0) <0.0001
eGFR (ml/min/1.73m2) 90.1 (29.1) 81.9 (28.3) <0.0001
Alb (g/dl) 3.7 (0.5) 3.7 (0.6) 0.055

IgG (mg/dl) 1575 (509) 1510 (491) 0.001
Neutrophils (/ll) 5300 (2200) 4600 (2100) <0.0001

Lymphocytes (/ll) 1300 (500) 1400 (600) 0.06
FBS (mg/dl) 100 (25) 95 (20) 0.01
HbA1c (%) 5.8 (0.9) 5.8 (0.7) 0.27

KL-6 (U/ml) 227 (182, 312) 233 (174, 334) 0.83
PCP prophylaxis
Risk factors (%) 0.004

0 237 (29.4) 1028 (34.5)
1 366 (45.4) 1146 (38.4)

2 165 (20.5) 664 (22.3)
3 38 (4.7) 142 (4.8)

25.2 27.1 0.29

(continued)
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Discussion

Biologic DMARDs usage carries a well-known risk of life-

threatening opportunistic infections. For example, where-

as the incidence of PCP in non-HIV patients is relatively

low, the mortality is high [14–16]. Several post-marketing

clinical surveillances in Japan have shown a considerable

risk of PCP in RA patients, with 0.4% for infliximab [3],

0.2% for etanercept [4], 2.62/100 PYs for tocilizumab [5],

0.1% for abatacept [10], and 0.4% for tofacitinib [11].

These reports clearly show that the risk of PCP should

be considered seriously in all RA patients treated with

b/tsDMARDs. The global market size of b/tsDMARDs has

been increasing; therefore, a prevention strategy against

PCP should be established.

In this study, we showed that the prophylaxis criteria

that we have recommended previously [19] are less than

ideal today (Table 4 and Supplementary Fig. S2, avail-

able at Rheumatology online). These criteria were based

on age, coexisting lung disease and concomitant use of

oral GCs. However, clear changes in the characteristics

of patients on prophylaxis were noted in this study. The

rate of concomitant use of GCs was significantly lower

than in the past, presumably due to accumulating evi-

dence on the efficacy and safety of b/tsDMARDs, and

recommendations about RA treatment have prompted

TABLE 1 Continued

Cohort 1 Cohort 2

Aug 2003–Sept 2009 Oct 2009–Dec 2019 P-value

Fulfilling prophylaxis criteria
(%)

PCP prophylaxis at baseline
(%)

113 (14.0) 1512 (50.7) <0.0001

PCP onset
Number of PCP onset (%) 13 (1.6) 13 (0.4) 0.004

- in participants adminis-
trated prophylaxis at
baseline (%)

1 (0.9) 7 (0.5) 0.44

- in participants receiving
prophylaxis at onset (%)

1 (0.9) 4 (0.3) 0.25

Data are mean (S.D.), median (1st IQR, 4th IQR) or %. P values by unpaired t test, Mann–Whitney U test or v2 test. Cohort
1: subjects who did not receive strategic prophylaxis against PCP. Cohort 2: subjects who received strategic PCP prophy-
laxis. CDAI, clinical disease activity index. IL-6R; IL 6 receptor, CTLA4; cytotoxic lymphocyte antigen 4, JAK; janus kinase,

GC; glucocorticoid, CDAI; clinical disease activity index, eGFR; estimated glomerular filtration rate. FBS; fasting blood
sugar; PCP: pneumocystis pneumonia.

FIG. 2 Strategic prophylaxis reduced the incidence of pneumocystis pneumonia

Kaplan-Meier curves for time to pneumocystis pneumonia (PCP)-onset. P-value was calculated by log rank test under

intention-to-treat analysis.
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health care providers to select b/tsDMARDs instead of

oral GCs for the treatment of RA. We assumed that the

decrease in GC use suppressed the power of the

prophylaxis criteria estimated by Katsuyama et al. (the

sensitivity decreased from 0.778 in their report to 0.444–

0.625) [19]. (See also Table 4.) Therefore, we decided to

revise the criteria, using a model that incorporated age,

coexisting lung disease, BMI, peripheral blood lympho-

cyte count and serum IgG. This model is appropriate

because all of the model variables are known risk fac-

tors for infection.

The concomitant use of GCs was not a predictor of

PCP in this study. The confounding effect of age, IgG

level, and lymphocytes count on GC use could explain

this phenomenon. Another possible explanation is that

b/tsDMARDs facilitate dose de-escalation of GCs during

the treatment. A decrease in the GC dose may be

followed by decrease in BMI, serum IgG recovery,

lymphocyte count correction, and subsequently a poten-

tial decrease in the risk of PCP. The existence of un-

known confounding factors cannot be excluded at this

stage in view of the change in participants’ background

characteristics. It is noteworthy that the concomitant

use of GCs was not a predictor of PCP (Table 2); how-

ever, GC use blocked all the revised criteria with respect

to precise PCP risk estimation (Table 4 and

Supplementary Fig. S2, available at Rheumatology on-

line). This finding suggests that rheumatologists should

consider the use of treatments other than prioritizing

GCs in RA patients.

Historically, SMX–TMP and pentamidine have been

the drugs most widely used for PCP prophylaxis [16]. In

the present study, SMX–TMP was found to be signifi-

cantly more efficacious than pentamidine inhalation in

TABLE 2 Predictors of pneumocystis pneumonia according to treatment with glucocorticoids

Predictors Total (n 5 929) GC (–) (n 5 496) GC (1) (n 5 433)

RR (95% CI) RR (95% CI) RR (95% CI)

Univariable analysis
Age 1.085* (1.035, 1.146) 1.103* (1.025, 1.212) 1.073* (1.010, 1.115)

Concomitant GC use 1.247* (0.480, 3.241) – –
Coexisting lung disease 3.979* (1.517, 10.43) 5.582* (1.315, 23.68) 3.043* (0.805, 11.50)

b/ts-DMARDs, mechanism
of action

P value¼0.67 P value¼0.34 P value¼0.91

Number of past b/ts-
DMARDs use

1.177* (0.470, 2.157) 1.699* (0.635, 3.112) 0.521* (0.032, 1.880)

BMI (kg/m2) 1.033* (0.912, 1.117) 1.194* (1.003, 1.392) 0.902* (0.728, 1.074)
eGFR (ml/min/1.73 m2) 0.989* (0.974, 1.006) 0.971* (0.947, 0.996) 1.003* (0.982, 1.026)
Neutrophil count (/ll) 1.000* (1.000, 1.000) 1.000* (1.000, 1.001) 1.000* (1.000, 1.000)

Lymphocyte count (/ll) 0.999* (0.998, 1.000) 0.999* (0.997, 1.000) 1.000* (0.998, 1.001)
Serum albumin (g/dl) 0.279* (0.121, 0.691) 0.322* (0.095, 1.325) 0.250* (0.078, 0.869)

Serum IgG (mg/dl) 0.998* (0.997, 0.999) 0.997* (0.995, 0.999) 0.999* (0.997, 1.000)
Multivariable analysis Model 1 Model 2 Model 3

Age 1.060* (1.008, 1.121) 1.092* (1.005, 1.206) 1.073* (1.010, 1.150)

Concomitant GC use
Coexisting lung disease 5.128* (1.028, 25.57)

BMI (kg/m2) 1.251* (1.064, 1.459)
eGFR (ml/min/1.73 m2)
Neutrophil count (/ll)

Lymphocyte count (/ll) 0.998* (0.996, 0.999)
Serum albumin (g/dl) 0.270* (0.108, 0.734)
Serum IgG (mg/dl) 0.998* (0.997, 0.999) 0.997* (0.995, 0.999)

Bootstrapping resampling Model 1 Model 2 Model 3
Age 1.062* (1.021, 1.117) 1.114* (1.002, 1.190) 1.077* (1.022, 1.133)

Concomitant GC use
Coexisting lung disease 9.360* (1.080, 49.40)
BMI (kg/m2) 1.268* (1.098, 1.451)

eGFR (ml/min/1.73 m2)
Neutrophil count (/ll)

Lymphocyte count (/ll) 0.998* (0.997, 0.999)
Serum albumin (g/dl) 0.296* (0.129, 0.664)
Serum IgG (mg/dl) 0.998* (0.997, 0.999) 0.997* (0.995, 0.999)

Values are risk ratio (RR) and 95% confidential interval. *P <0.05. Cox proportional hazard regression analysis using data

for all participants and participants with/without concomitant glucocorticoid (GC) treatment. Variables were measured at
baseline. GFR, glomerular filtration rate.
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the prevention of PCP (Supplementary Table S2, avail-

able at Rheumatology online). Adverse events relating to

SMX–TMP seem to be common; however, our results

suggested the efficacy of a reduced dosage of SMX–

TMP in the prophylaxis (Supplementary Fig. S1, avail-

able at Rheumatology online). This suggests that de-

escalation of SMX–TMP, instead of administration of /

switching to pentamidine inhalation, should be consid-

ered in patients who show inadequate response to

SMX–TMP. In addition, PCP prophylaxis was adminis-

tered to an additional 23.6% of the participants in co-

hort 2 based on physicians’ assessment (Fig. 1,

Table 1). This was presumably because the formulation

of the strategic PCP prophylaxis by Katsuyama et al.

[19] further encouraged physicians to recommend PCP

prophylaxis. Importantly, no severe adverse events due

to prophylaxis were observed. This phenomenon also

suggests that beyond-necessity provision of PCP

prophylaxis with dose de-escalation is acceptable and

seems a better clinical practice. Moreover, different cut-

off values for PCP risk estimation with model 2 were

calculated for the GC (�) and GC (þ) groups. If we

adopt the cut-off value of 0.0176, which was calculated

for the GC (�) group, as the PCP risk estimation for GC

(þ) group using model 2, the prediction specificity drops

from 0.722 to 0.583. However, in view of the efficacy

and safety of PCP prophylaxis with dose de-escalation,

together with the generally accepted view that GC in-

crease risks of infection, this adaptation appears to be

feasible.

Our study had certain limitations. First, pooling the

data for 929 participants for the revision of the criteria

for prophylaxis probably introduced selection bias.

However, we used the bootstrap resampling method to

TABLE 3 Results of multivariable logistic regression formulae for each model

Model 1 Model 2 Model 3

Age, Alb, IgG Age, lung disease, BMI, Lymph, IgG Age

GC (–) GC (1)

GC (2) GC (1) Lung disease Lung disease GC (2) GC (1)

(2) (1) (2) (1)

a 2.5605 �1.6494 �7.9920 �6.8932 �3.7464 �3.0594 �9.9273 �7.3780

b1 (Age) 0.0742 0.0375 (Age) 0.0756 0.0513 (Age) 0.0885 0.0556
b2 (Alb) �1.7572 �0.9972 (BMI) 0.2044 �0.1176
b3 (IgG) �0.0038 �0.0008 (IgG) �0.0028 �0.0007

b4 (Lymph) �0.0020 �0.0001

The incidence of pneumocystis pneumonia (p) was calculated using the formula: Ln( p
1�p Þ¼aþb1�Ageþb2�Albþb3� IgG.

GC, concomitant glucocorticoid use; Alb, serum albumin (g/dl); IgG, serum IgG (mg/dl); Lymph, lymphocyte count (/ll).

TABLE 4 Comparison of current and revised criteria for prophylaxis against pneumocystis pneumonia in RA patients

treated with b/ts-DMARDs

Current criteria Model 1 Model 2 Model 3

Age �65, lung disease, GC
use

Age, Alb, IgG Age, lung disease, BMI,
Lymph, IgG

Age

GC (2) GC (1) GC (2) GC (1) GC (2) GC (1) GC (2) GC (1)

Sensitivity 0.625 0.444 1.000 0.667 1.000 0.778 0.875 0.556
Specificity 0.803 0.896 0.750 0.642 0.805 0.722 0.557 0.755

AUC 0.755 0.655 0.908 0.724 0.910 0.746 0.755 0.678

Power of prediction was calculated by the multivariable (Models 1, 2) or univariable (Model 3) logistic regression analysis and
post-hoc ROC analysis. Independent variables entered in each model are shown in Table 2. AUC, area under the curve; GC,
concomitant glucocorticoid use; Alb, serum albumin (g/dl); IgG, serum IgG (mg/dl); Lymph; lymphocyte count (/ll).
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compensate for any such selection bias. Ideally, verifica-

tion of the results obtained in this study would involve a

cohort free of any bias and free from any PCP prophy-

laxis consideration. Second, the PCP rate varies global-

ly. For this study, we estimated the cut-off values for the

PCP risk estimation above using model 2; however, we

stress that these cut-off values cannot be applied in

other countries, because they depend to a large extent

on the PCP rate in each population. Therefore, fine tun-

ing of the variables and the cut-off values of the identi-

fied criteria should be considered separately for each

population.

In conclusion, our study clarified the risk factors for

PCP in RA patients on b/tsDMARDs treatment, and

highlighted and defined the criteria for effective prophy-

laxis against PCP. Our study also showed the effective-

ness of PCP prophylaxis in RA patients treated with

tsDMARDs. The adverse effects of SMX–TMP can be

suppressed prophylactically according to the prophy-

laxis criteria, as demonstrated in this study. De-

escalation of the dose of prophylaxis would be helpful.

Taken together, our study provides a better manage-

ment concept for RA patients treated with b/tsDMARDs,

especially with regard to the control of potential infec-

tious adverse events.
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