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Prophylactic effect of trimethoprim-sulfamethoxazole
for pneumocystis pneumonia in patients with
rheumatic diseases exposed to prolonged

high-dose glucocorticoids
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ABSTRACT

Objectives To investigate the efficacy and safety of
trimethoprim/sulfamethoxazole (TMP-SMX) as primary
prophylaxis for pneumocystis pneumonia (PCP) in
patients with rheumatic diseases receiving high-dose
steroids.

Methods The study included 1522 treatment episodes
with prolonged (=4 weeks) high-dose (=30 mg/day
prednisone) steroids in 1092 patients over a 12-year
period. Of these, 262 treatment episodes involved TMP-
SMX (prophylaxis group) while other episodes involved
no prophylaxis (control group). Differences in 1-year PCP
incidence and its mortality between the two groups were
estimated using Cox regression. To minimise baseline
imbalance, propensity score matching was performed
and efficacy outcome was mainly assessed in the
postmatched population (n=235 in both groups).
Results During a total of 1474.4 person-years, 30 PCP
cases occurred with a mortality rate of 36.7%. One non-
fatal case occurred in the prophylaxis group. TMP-SMX
significantly reduced the 1-year PCP incidence (adjusted
HR=0.07(95% C1 0.01 to 0.53)) and related mortality
(adjusted HR=0.08 (95% CI 0.0006 to 0.71)) in the
postmatched population. The result of the same analysis
performed in the whole population was consistent with
that of the primary analysis. Incidence rate of adverse
drug reactions (ADR) related to TMP-SMX was 21.2
(14.8-29.3)/100 person-years. Only two serious ADRs
(including one Stevens-Johnson syndrome case) occurred.
The number needed to treat for preventing one PCP (52
(33—124)) was lower than the number needed to harm
for serious ADR (131 (55—c9)).

Conclusion TMP-SMX prophylaxis significantly reduces
the PCP incidence with a favourable safety profile in
patients with rheumatic disease receiving prolonged,
high-dose steroids.

INTRODUCTION

Pneumocystis pneumonia (PCP) caused by Preu-
mocystis jirovecii is a common but potentially
life-threatening infection in immunocompromised
patients.” Although it had been the most common
cause of death in patients infected by HIV, the
advent of effective HIV treatment and prophy-
lactic strategy led to marked fall of its incidence.”
However, it remains a significant cause of pneu-
monia in non-HIV immunocompromised patients.
In addition, PCP in non-HIV patients usually shows

more severe manifestations and carries a higher
mortality rate than that in HIV-infected patients.”™

The most important risk factor for PCP in
non-HIV patients is the use of immunosuppres-
sive drugs, especially corticosteroids. Prolonged
treatment with high-dose steroids is a significant
risk factor for PCP in patients with haematologic
malignancies, solid organ transplants and rheumatic
diseases.* © 7 Thus, current guidelines recommend
PCP prophylaxis for patients receiving immuno-
suppressive drugs, including steroids.® However,
there is no consensus on PCP prophylaxis for
patients with rheumatic diseases because the abso-
lute incidence of PCP in this group is unclear’ and
no risk-benefit assessment for prophylactic regimen
has been performed. Thus, this has led to different
opinions among rheumatologists regarding PCP
prophylaxis.*°

To find the answers to these problems, we exam-
ined the incidence of PCP in patients diagnosed
with a rheumatic disease and receiving prolonged
high-dose steroid treatment. Patients were recruited
from a large tertiary referral centre over a 12-year
period. In addition, we evaluated the efficacy
and safety of PCP prophylaxis to enable a useful
risk-benefit assessment.

METHODS
Patients and clinical data
The electronic medical database at Seoul National
University Hospital was examined, and patients
with a rheumatic disease treated with high-dose
steroid for more than 4 consecutive weeks (defined
as a treatment episode) between January 2004
and December 2015 were identified. High-dose
steroid was defined as =30mg/day prednisone or
equivalent, as suggested by Buttgereit et al.'' The
ICD-10 (International Classification of Diseases,
10th Revision) codes used for case identification
are presented in online supplementary text. Patients
with a history of PCP, HIV infection, current cancer,
or a solid organ transplant, or those less than 18
years of age were excluded. Next, all treatment
episodes were classified into two groups (control
group vs prophylaxis group) according to whether
a patient receiving high-dose steroid had started
primary PCP prophylaxis.

The baseline date was defined as the first day of
PCP prophylaxis (prophylaxis group) or high-dose
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steroid (control group). Each patient should maintain high-dose
steroid for at least 4 weeks from the baseline date. The obser-
vation period for each treatment episode was 1year from the
baseline date because previous studies suggest that most PCP
cases occur within this period.* '* '3 Therefore, prolonged high-
dose steroid treatment which started within the last 1year from
the baseline date in the prophylaxis group could not be entered
into the observation period of the control group. But if a patient
restarted prolonged high-dose steroid treatment after more
than 1year from the baseline date, it was counted as a separate
treatment episode. The primary outcome was the incidence of
PCP in each group during the observation. Secondary outcomes
included PCP-related mortality and incidence of adverse drug
reactions (ADR) related to PCP prophylaxis. All suspected ADRs
were reviewed and assigned a probability of causation based on
the timing and known patterns of adverse effects. Probable/likely
or certain causality was regarded as an ADR."

Patient consent was waived by the IRB due to the retrospective
nature of the study.

Detection of PCP during treatment episodes

A complex algorithm (see online supplementary figure S1) was
used to capture all PCP cases during the observation. Briefly,
data from confirmatory microbiologic tests such as PCR and
direct fluorescent antibody staining of induced-sputum or bron-
choalveolar lavage fluid were collected. The medical records of
patients with positive results and fulfilling the criteria for analysis
were then reviewed to ascertain whether they showed features
consistent with PCP, such as fever or acute dyspnea, along with
characteristic radiographic findings. A positive PCR result in the
absence of clinical manifestations was not considered as PCP.

PCP prophylaxis

Trimethoprim/sulfamethoxazole (TMP-SMX) was the only
agent used for PCP prophylaxis in this study and was given as
one double-strength tablet three times a week or as one single-
strength tablet per day. Selection of patients for PCP prophy-
laxis and its duration were mainly determined by the treating
physician. TMP-SMX was started on the first day of high-dose
steroid treatment in most cases (unless contraindicated) and was
stopped when the daily steroid dose (based on prednisone) was
tapered: to 30 mg in 35 (13.6%) treatment episodes, 25 mg in 6
(2.3%), 20mg in 26 (10.1%), 15 mg in 53 (20.6%) and <15 mg/
day in 113 (44.0%). For patients with renal insufficiency, the
TMP-SMX dose was adjusted accordingly (determined by creat-
inine clearance, n=23). Second-line antibiotics against PCP such
as dapsone, atovaquone or aerosolised pentamidine were not
used for primary prophylaxis against PCP during the observa-
tion period.

Statistical analysis
Continuous or dichotomous baseline data were compared using
Student’s t-test or the y* test as appropriate. Cox proportional
hazards regression models were used to estimate the effect of
TMP-SMX on outcome. The HR was adjusted for baseline clin-
ical factors that showed a significant association (P<0.1) with
outcome. In addition, the final model was adjusted for intra-
cluster correlation as some patients may have undergone multiple
treatment episodes. With respect to PCP-related mortality, which
showed the complete separation of outcome, Firth’s penalised
maximum likelihood was used to reduce statistical bias."’

Since there were differences between the groups in terms
of baseline characteristics, the same survival analyses were

undertaken after applying 1:1 propensity score (PS) matching.
This was carried out using the patients’ age, cumulative steroid
dose during the 6 months prior to baseline, concomitant use
of immunosuppressants (cyclophosphamide and steroid pulse),
lymphopenia (<800/uL) and the presence of certain underlying
diseases as predictors of a requirement for prophylaxis; the
selected calliper was 0.2. After matching, 235 treatment episodes
from each group were selected for use as the postmatched popu-
lations (see online supplementary figure S2). Although a compar-
ison of PCP incidence and related mortality was performed
before and after matching, primary outcome was mainly assessed
in the postmatched population because it was expected to have
less statistical bias regarding the number of covariates per case.
All statistical analyses were performed using R V.3.3.1 software,
and a P value <0.05 was considered statistically significant.

RESULTS

Patient characteristics

A total of 1522 treatment episodes from 1092 patients were
fulfilled the criteria for analysis. TMP-SMX prophylaxis was
performed in 262 treatment episodes, with a mean (SD) duration
of 237.0 (272.2) days. Patients received daily single-strength
TMP-SMX regimen in most treatment episodes (251/262,
95.8%). Prophylaxis began on the first day of high-dose steroid
treatment (except in nine cases in which TMP-SMX prophylaxis
was delayed by more than 1month from the initiation of high-
dose steroid due to acute kidney injury (n=4), leucopenia (n=3)
or pregnancy (n=2)).

The baseline characteristics of the control and prophy-
laxis groups are shown in table 1. Patients in the prophylaxis
group were older, more likely to have lymphopenia and to be
treated with secondary immunosuppressive agents. In addition,
the proportion of patients with diseases associated with a high
risk of PCP, such as granulomatosis with polyangiitis (GPA),
microscopic polyangiitis (MPA) and dermatomyositis, was
significantly higher in the prophylaxis group. The cumulative
steroid dose administered during the entire observation period
was also higher in the prophylaxis group (based on prednisone,
7158+4552mg vs 8202+5145mg, P=0.001). There were no
significant differences in the above-mentioned clinical factors in
the postmatched population (table 2).

Incidence of PCP

During the observation period of 1474.4 person-years, there
were 30 PCP cases in 30 patients: the incidence rate (95% CI)
in the control group was 2.37 (1.59-3.41)/100 person-years.
When the whole population was stratified according to under-
lying disease, the incidence of PCP was highest in those with
GPA and MPA (12.14 (95% CI 3.94 to 28.33) per 100 person-
years), followed by those with systemic sclerosis (10.88 (95%
CI 2.24 to 31.80) per 100 person-years), dermatomyositis (3.11
(95% CI 0.64 to 9.07) per 100 person-years) and systemic
lupus erythematosus (SLE) (2.42 (95% CI 1.36 to 4.00) per 100
person-years). The mean time interval between baseline and PCP
was 3.4 (SD=2.5, min=0.9, max=10.8) months and 27 (90.0%)
cases occurred within the first 6 months. The mean (SD) dose of
steroid (based on prednisone) at the time of PCP diagnosis was
31.3 (SD=20.1, min=35, max=80) mg; 15 (50%) cases occurred
when the dose was =30mg/day, 12 cases when 15-30 mg/day
and 3 cases when <15 mg/day. Twenty-nine cases of PCP devel-
oped in the control group, whereas only one case occurred in
the prophylaxis group. However, in this case, TMP-SMX was
discontinued prematurely due to ADR. Among all PCP cases,
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Table 1 Baseline* characteristics of the whole population

Table 2 Baseline* characteristics of the PS-matched population

Prophylaxis
Control group  group

(n=number of treatment episodes) (n=1260) (n=262) P value

Male gender, n (%) 374 (29.7) 89 (34.0) 0.170

Age, year, mean (SD) 41.2 (15.2) 46.2 (16.0) <0.001

Disease duration, year, mean (SD) 3.0(3.8) 2.5 (4.0) 0.053

Underlying disease
Systemic lupus erythematosus, 636 (50.5) 122 (46.8) 0.249
n (%)
Systemic sclerosis, n (%)t 30 (2.4) 5(1.9) 0.642
Dermatomyositis, n (%) 100 (7.9) 38 (14.5) 0.001
Polymyositis, n (%) 54 (4.3) 12 (4.6) 0.831
GPA, n (%) 38 (3.0) 18 (6.9) 0.003
MPA, n (%) 9(0.7) 114.2) <0.001
EGPA, n (%) 43 (3.4) 7(2.7) 0.541
Polyarteritis nodosa, n (%) 17 (1.3) 7Q.7) 0.118
Rheumatoid arthritis, n (%)t 58 (4.6) 10 (3.8) 0.575
Adult-onset Still's disease, n (%) 31(2.5) 9 (3.4) 0.369
Behcet's disease, n (%) 182 (14.4) 12 (4.6) <0.001
Cryoglobulinaemic vasculitis, n (%) 1 (0.1) 2(0.8) 0.023
Ankylosing spondylitis, n (%) 12 (1.0) 0(0.0) 0.113
Primary Sjogren’s syndrome, n (%) 3 (0.2) 0(0.0) 0.429
Others, n (%)% 47 3.7) 9 (3.4) 0.817

Initial steroid dose of 30-45mg PD, 426 (33.8) 88 (33.6) 0.945

n (%)

Initial steroid dose of 45-60mg PD, 141 (11.2) 42 (16.0) 0.028

n (%)

Initial steroid dose of 260mg PD, n 696 (55.0) 132 (50.4) 0.172

(%)

Concomitant immunosuppressive treatment
Steroid pulse treatment, n (%) 164 (13.0) 99 (37.8) <0.001
Oral cyclophosphamide, n (%) 49 (3.9) 34 (13.0) <0.001
Cyclophosphamide pulse treatment, 99 (7.9) 67 (25.6) <0.001
n (%)

Cumulative steroid dose, mean (SD)§  1597.1 (1568.7)  3119.7 <0.001

(1821.5)
Lymphopenia, n (%)9 283 (22.5) 87 (33.2) <0.001

*The baseline date was defined as the day on which PCP prophylaxis (prophylaxis
group) or high-dose steroid (control group) was started.

tThe main reason for the use of high-dose steroids in these diseases was associated
interstitial lung disease.

tIncluding Takayasu's arteritis, temporal arteritis and relapsing polychondritis.
§Cumulative steroid (prednisone) dose during the previous 6 months.

9fIDefined as <800 lymphocytes/mL.

EGPA, eosinophilic granulomatosis with polyangiitis; GPA, granulomatosis with
polyangiitis; MPA, microscopic polyangiitis; PCP, pneumocystis pneumonia; PD,
prednisone.

16 (53.3%) received mechanical ventilation and 11 (36.7%)
expired. All PCP-related deaths occurred in the control group.
Clinical features of PCP cases at baseline and PCP occurrence
are summarised in online supplementary tables S1 and S2,
respectively.

The incidence of PCP tended to increase according to the
increase in the initial steroid dose. Patients receiving =60 mg/
day prednisone showed a significantly higher PCP incidence
than those in other subgroups (figure 1).

Efficacy of TMP-SMX prophylaxis in the PS-matched
population

Univariable analysis in the PS-matched population revealed
that the 1-year incidence of PCP significantly decreased with

(n=number of treatment  Control group Prophylaxis group

episodes) (n=235) (n=235) P value
Male gender, n (%) 173 (73.6) 161 (68.5) 0.222
Age, year, mean (SD) 45.8 (16.3) 45.5(15.7) 0.843
Disease duration, year, mean 3.1 (4.0) 2.6 (3.9) 0.200
(SD)

Underlying disease

Systemic lupus 109 (46.4) 112 (47.7) 0.782

erythematosus, n (%)

Systemic sclerosis, n (%)t 6 (2.6) 5(2.1) 0.760

Dermatomyositis, n (%) 34 (14.5) 34 (14.5) 1.000

Polymyositis, n (%) 17(7.2) 10 (4.3) 0.165

GPA, n (%) 16 (6.8) 13 (5.5) 0.565

MPA, n (%) 8(3.4) 8(3.4) 1.000

EGPA, n (%) 6(2.6) 7 (3.0) 0.779

Polyarteritis nodosa, n (%) 7 (3.0) 6(2.6) 0.779

Rheumatoid arthritis, n 9(3.8) 9(3.8) 1.000

(%)t

Adult-onset Still's disease, 2 (0.9) 8(3.4) 0.106

n (%)

Behcet's disease, n (%) 11 (4.7) 12 (5.1) 0.831

Cryoglobulinaemic 1(0.4) 2(0.9) 0.562

vasculitis, n (%)

Ankylosing spondylitis, 3(1.3) 0(0.0) 0.248

n (%)

Primary Sjogren's 1(0.4) 0(0.0) 0317

syndrome, n (%)

Others, n (%)* 5(2.1) 9(3.8) 0.278
Initial steroid dose of 70 (29.5) 72 (30.9) 0.747
30-45mg PD, n (%)

Initial steroid dose of 29 (12.2) 39 (16.7) 0.165
45-60mg PD, n (%)

Initial steroid dose of >60mg 138 (58.2) 122 (52.4) 0.201
PD, n (%)

Concomitant immunosuppressive treatment

Steroid pulse treatment, 84 (35.7) 80 (34.0) 0.699

n (%)

Oral cyclophosphamide, 20 (8.5) 25 (10.6) 0.433

n (%)

Cyclophosphamide pulse 54 (23.0) 54 (23.0) 1.000

treatment, n (%)

Cumulative steroid dose, 2696.6 (2123.1) 2898.6 (1558.8) 0.240
mean (SD)§
Lymphopenia, n (%)9l 73 (31.1) 76 (32.3) 0.766

*The baseline date was defined as the day on which PCP prophylaxis (prophylaxis
group) or high-dose steroid (control group) was started.

tThe main reason for the use of high-dose steroids in these diseases was associated
interstitial lung disease.

tIncluding Takayasu's arteritis, temporal arteritis and relapsing polychondritis.
§Cumulative steroid (prednisone) dose during the previous 6 months.

9IDefined as <800 lymphocytes/mL.

EGPA, eosinophilic granulomatosis with polyangiitis; GPA, granulomatosis with
polyangiitis; MPA, microscopic polyangiitis; PCP, pneumocystis pneumonia; PD,
prednisone; PS, propensity score.

prophylaxis (HR=0.07; 95%CI 0.01 to 0.54). This result was
also consistent with the result of multivariable analysis including
age and MPA as covariates (adjusted HR=0.07; 95%CI 0.01
to 0.53). PCP-related mortality in the prophylaxis group fell
significantly in both univariable analysis (HR=0.07, 95%
profile likelihood CI 0.0005 to 0.55) and multivariable analysis
(adjusted HR=0.08; 95% profile likelihood CI 0.0006 to 0.71)
(table 3). The HR and its significance level for other covariates
are presented in online supplementary table S3.
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Figure 1

Kaplan-Meier curve showing pneumocystis pneumonia (PCP)-free survival according to the initial dose of steroids (30-45 mg/day

prednisone, 45-60 mg/day and =60 mg/day) in the whole population. PD, prednisone.

Since the incidence of PCP increased according to the increase in
the initial steroid dose, we next examined the efficacy of TMP-SMX
prophylaxis after stratifying all treatment episodes by this factor. In
the subgroup with a higher initial steroid dose (=60 mg/day pred-
nisone) (n=261), TMP-SMX led to a significant reduction in PCP
incidence after adjusting for GPA (adjusted HR=0.05; 95% profile
likelihood CI 0.0004 to 0.40). However, the effectiveness was not

Table 3  Effect of TMP-SMX prophylaxis on 1-year PCP incidence
and related mortality in the propensity score-matched population
(n=470)

1-year PCP incidence 1-year PCP-related mortality*

HR HR
(95% CI) (95% profile likelihood CI)
Univariable Multivariable Univariable Multivariable
analysis analysist analysis analysist
TMP-SMX 0.07 (0.01 to 0.07 0.07 (0.0005 to 0.08 (0.0006 to
prophylaxis ~ 0.54) (0.01t00.53) 0.55) 0.71)
P value for 0.010 0.010 0.007 0.019

HR

*Firth's penalised maximum likelihood was used due to complete separation of
outcome.

tIncluded age and MPA as covariates, and was also adjusted for clustering.
tIncluded age, GPA and MPA as covariates, and was also adjusted for clustering.
GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis; PCP,
pneumocystis pneumonia; TMP-SMX, trimethoprim-sulfamethoxazole.

apparent in the subgroup receiving a lower initial steroid dose
(HR=0.36; 95% profile likelihood CI 0.04 to 2.21).

Efficacy of TMP-SMX prophylaxis in the whole population

In the whole population, the 1-year incidence of PCP tended to
decrease with prophylaxis (HR=0.17; 95% CI 0.02 to 1.22). MPA,
higher steroid dose, concomitant cyclophosphamide pulse and
baseline lymphopenia were associated with an increased incidence
of PCP (see online supplementary table S4). After adjusting for
these factors, the prophylaxis group showed a significantly lower
incidence of PCP than control group (HR=0.06; 95%CI 0.004
to 0.66) (table 4). As in the PS-matched population, TMP-SMX
significantly reduced PCP incidence only in the subgroup with
a higher initial steroid dose (n=825) (adjusted HR=0.02; 95%
profile likelihood CI 0.0001 to 0.24).

TMP-SMX was also associated with a reduction in PCP-related
mortality after adjusting for age, GPA, MPA and concomitant
steroid pulse treatment (adjusted HR=0.09; 95% profile likeli-
hood CI 0.0007 to 0.76) (table 4).

ADRs associated with prophylactic TMP-SMX

During the 170.1 person-year duration of TMP-SMX prophylaxis,
36 ADRs (of any type) occurred in 32 patients (21.2/100 person-
years; 95%CI 14.8 to 29.3). The most common ADRs were
elevated (>1.5the upper normal range) serum alanine transami-
nase levels and a skin rash (3.5/100 person-years for both), followed
by thrombocytopenia (1.8/100 person-years) and hyperkalaemia
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Table 4  Effect of TMP-SMX prophylaxis on 1-year PCP incidence
and related mortality in the whole population (n=1522)

1-year PCP incidence 1-year PCP-related mortality*

HR HR
(95% Cl) (95% profile likelihood CI)
Univariable  Multivariable  Univariable Multivariable
analysis analysist analysis analysist
TMP-SMX 0.17(0.02t0  0.06 0.21 (0.002 to  0.09 (0.0007 to
prophylaxis ~ 1.22) (0.004 t0 0.66)  1.61) 0.76)
P value for 0.078 0.022 0.165 0.023

HR

*Firth's panelised maximum likelihood was used due to complete separation of
outcome.

tIncluded age, MPA, initial steroid dose (=60 mg/day prednisone vs not),
concomitant cyclophosphamide pulse and baseline lymphopenia as covariates, and
was also adjusted for clustering.

tIncluded age, GPA, MPA and concomitant steroid pulse as covariates, and was also
adjusted for clustering.

GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis; PCP,
pneumocystis pneumonia; TMP-SMX, trimethoprim-sulfamethoxazole.

(1.8/100 person-years) (table 5). There were no lupus flares during
prophylaxis. In most cases, ADR severity was mild to moderate
(34/36, 94.49%). There were only two cases of serious ADRs that
led to prolonged hospitalisation (one case of pancytopenia and one
case of Stevens-Johnson syndrome) (1.2/100 person-years, 95% CI
0.1 to 4.2). However, they resolved shortly after discontinuation
of TMP-SMX.

Risk-benefit analysis of TMP-SMX prophylaxis

Based on the two cases of serious ADR, the number needed to
harm (NNH) was 131 (55—c0). By contrast, the number needed to
treat (NNT) to prevent one case of PCP in the whole population
was 52 (33-124). After stratification according to each underlying
disease, the NNT in patients with SLE (43 (28-85)) or MPA (3
(1.6-39.4)) was lower than the NNH. The same was true for other
diseases; however, the 95% CI for absolute risk reduction extended

Table 5 Incidence of adverse drug reactions caused by
trimethoprim/sulfamethoxazole prophylaxis

Number of cases* Incidence rate (95% Cl)t

Adverse drug reactions 34 20.6 (14.3 t0 28.6)
Anaemia 2 1.2(0.1t04.2)
Leucopenia 1 0.6 (0.0t0 3.3)
Thrombocytopenia 3 1.8(0.4105.2)
Gl problems 2 1.2(0.1t04.2)
LFT abnormality 6 35(1.31t07.7)
Skin rash 6 35(1.3107.7)
Azotaemia 5 3.0(1.0t0 7.1)
Hyperkalaemia 3 1.8(0.4t05.2)
Otherst 6 35(1.31t07.7)

Serious adverse drug 2 1.2 (0.1t04.2)

reactions
Pancytopenia 1 0.6 (0.0t03.3)
Stevens-Johnson 1 0.6 (0.0t0 3.3)

syndrome
*Total observation period was 170.1 person-years for 262 cases.
tRate per 100 person-years.
tIncluding headache (1), anorexia (1), eosinophilia (1), tingling sensation (1) and
pruritus (2).
Gl, gastrointestinal; LFT, liver function test.

from a negative number to a positive number, making it irrelevant.
Interestingly, when we stratified treatment episodes according to
initial steroid dose (=60mg/day prednisone vs other), the NNT
for the subgroup receiving a higher steroid dose was 32 (22-54),
whereas that for the subgroup receiving a lower steroid dose was
215 (45-c0), which is higher than the NNH for serious ADRs.

Sensitivity analysis

Because differences in the dosing regimens of TMP-SMX could
have influenced its efficacy, we performed the same Cox regres-
sions after excluding subgroups with atypical TMP-SMX dosing,
including (1) twenty-three treatment episodes with a renal dose
adjustment, (2) ten with a thrice weekly TMP-SMX regimen and
(3) nine with more than a month’s delay in prophylaxis. The result
from each of these analyses was consistent with the original one
(data not shown).

Since patients in the prophylaxis group discontinued TMP-SMX
at various times, we analysed the data using a censoring scheme
based on tapering of steroids (eg, 30 mg/day and 15 mg/day pred-
nisone). The prophylactic effect of TMP-SMX was unchanged (see
online supplementary figure S3). In addition, to minimise the effect
of heterogeneity in the duration of prophylaxis, we also performed
the same analysis using 6 and 3-month observation periods, respec-
tively. Using these censoring schemes, the mean (SD) proportion of
time that TMP-SMX was administered was significantly increased
(0.50 (0.33) in the original analysis vs 0.70 (0.32) and 0.86 (0.25)
in 6-month and 3-month time frames, respectively, P<0.001).
However, the efficacy of prophylaxis was unaffected by the change
in observation period (see online supplementary figure S4).

DISCUSSION

Systemic high-dose steroid treatment is one of the most important
weapons against rheumatic diseases; however, it is a risk factor
for PCP. Many studies describe an association between PCP and
steroid use in patients with rheumatic disease, but few have investi-
gated the prophylactic effects in such populations.'*™*® To the best
of our knowledge, this is the largest study conducted to investigate
the efficacy and safety of TMP-SMX prophylaxis in patients with
rheumatic diseases who received prolonged high-dose steroids.
The incidence of PCP in the control group was 2.37/100 person-
years, which is consistent with previous reports.'’

TMP-SMX was highly effective at preventing PCP and related
mortality. In contrast, compared with that reported in other studies
of HIV-positive patients, TMP-SMX showed a lower incidence of
ADRs.?” Recent meta-analyses on the efficacy of PCP prophylaxis
in patients with haematologic malignancy or post-transplantation
suggest that TMP-SMX should be considered when the NNT is
balanced against the NNH for severe ADRs.”' #* Overall, the NNT
herein was 52, whereas that for severe ADRs was 131, illustrating
that the benefit of TMP-SMX prophylaxis was greater than the risk
of potential harm to the patient. Interestingly, in the subgroup that
received a higher initial steroid dose, the NNT was even lower.
This demonstrates that, in patients receiving =60 mg/day predni-
sone, the benefits of TMP-SMX prophylaxis outweigh the risks.
This result suggests that initial steroid dose may identify patients
who would derive maximum benefit from TMP-SMX prophylaxis.

The optimal time to stop PCP prophylaxis in non-HIV patients
receiving high-dose steroids remains unclear. Expert opinion
suggests that prophylaxis should be continued until the CD4 T cell
count rises above 200/mm’ for 6 consecutive months.”> However,
the correlation between this factor and the risk for PCP is less
clear in patients without HIV.** In that context, it is noteworthy
that most PCP cases (90.0%) in the present study occurred when
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a patient received =15 mg/day prednisone or equivalent, which is
in line with the findings of previous studies.’® ** 2* % This suggests
that tapering the dose of steroid down to <15 mg/day might be
a relevant point at which to consider stopping prophylaxis. In
agreement with previous reports, we found that PCP showed a
significant association with concomitant cyclophosphamide,
lymphopenia and old age, and at least one of these risk factors
was present in all instances of PCP in patients receiving <15 mg/
day prednisone.” % 2® However, because of the small number of
PCP cases, it should be precautious to define relevant time point of
stopping prophylaxis with this result alone.

This study has some limitations. First, the baseline characteris-
tics of the prophylaxis and non-prophylaxis groups were not fully
balanced, a limitation inherent to observational studies. To over-
come this limitation, primary analysis was performed based on
PS-matching population; however, unmeasured confounders such
as physician’s preference cannot be completely balanced without
randomisation. Second, the number of PCP cases in this study was
rather small so we could not perform a precise risk-benefit assess-
ment for some rheumatic diseases. In addition, because this was not
a randomised controlled study, we could not compare the preva-
lence of adverse events between the two groups; therefore, the
NNH was based on the ADR from the prophylaxis group alone.

In conclusion, we show here the benefit of TMP-SMX as primary
prophylaxis for PCP in patients with rheumatic diseases who were
treated with prolonged high-dose steroids; this was particularly
true for patients receiving an initial steroid dose =60 mg/day pred-
nisone or equivalent. Although the results should be confirmed in
a future randomised study, the data may impact the use of PCP
prophylaxis for patients with rheumatic diseases.
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