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Abstract
Background: We compared the prophylactic effect of trimethoprim-sulfamethoxazole (TMP-SMX) with
atovaquone for pneumocystis pneumonia (PCP) in patients with connective tissue diseases (CTDs)
receiving high-dose glucocorticoids.

Methods: Patients with CTDs aged ≥ 18 years who were treated with a prolonged course (≥ 4 weeks) of
glucocorticoids (≥ 20 mg/day prednisone) in a Japanese tertiary center between 2013 and 2017 were
included. The patients were categorized into two groups: TMP-SMX and atovaquone group. Adjusted
cumulative incidence of PCP was compared between the two groups after propensity score weighting for
differences in confounding factors.  

Results: A total of 480 patients with a prolonged high-dose glucocorticoid treatment were identi�ed. Out
of 383 patients with TMP-SMX prophylaxis, 102 (26.8%) patients experienced adverse events leading to
discontinuation within 4 weeks of initiation while no patient in the atovaquone discontinued the therapy.
Two hundred eighty-one patients received TMP-SMX while 107 received atovaquone for PCP prophylaxis.
During a total of 397.0 person-years, 7 PCP cases (2 in the TMP-SMX, 5 in the atovaquone) occurred with
a mortality rate of 54.5%. After adjusting for differences in baseline characteristics, the adjusted
cumulative incidence of PCP was similar between the two group (HR= 0.97, 95% CI = 0.19 to 5.09, p =
0.97).

Conclusion: Prophylactic effects for PCP in CTDs patients receiving prolonged high-dose glucocorticoids
were similar between TMP-SMX and atovaquone. Atovaquone was well-tolerated with no side effects. 

Background
Pneumocystis pneumonia (PCP) is a potentially life-threatening opportunistic infection in patients with
connective tissue diseases (CTDs) who are on immunosuppressive agents. PCP prophylaxis is generally
recommended for immune compromised patients without HIV infection receiving a glucocorticoid (GC)
dose equivalent to ≥ 20mg of prednisone daily for 4 weeks or longer [1]. Trimethoprim-sulfamethoxazole
(TMP-SMX) is regarded as a preferred agent for PCP prophylaxis. The prophylactic e�cacy of TMP-SMX
on PCP among CTDs patients has been reported [2, 3]. Although TMP-SMX is considered to be well-
tolerated among non-HIV patients in whom adverse effects range between 6 to 8% [4, 5], treatment
cessation is required for some patients due to severe adverse events (AEs) such as neutropenia,
anaphylaxis, or skin rash. Alternatively, other agents such as atovaquone or aerosolized pentamidine can
be used for PCP prophylaxis, but data regarding its e�cacy among CTDs patients have been scarce [6, 7].
No �rm conclusions can be reached about the e�cacy of other PCP prophylaxis agents since these
studies involved small number of CTDs patients and only a few developed PCP.

Given potentially serious AEs of TMP-SMX leading to discontinuation on certain patient population, it is
important to know if other PCP prophylactic agents can be used effectively and safely in patients with
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CTDs. The objective of this study was to compare the prophylactic effect of TMP-SMX with atovaquone
in patients with CTDs receiving high-dose GCs.

Materials And Methods

Patients and data collection
The electronic medical database at Kobe University Hospital was examined, and patients with CTDs
aged ≥ 18 years who were treated with a prolonged course (≥ 4 weeks) of GC (≥ 20 mg/day
prednisolone) between 2013 and 2017 were identi�ed. Patients with a history of PCP, HIV infection,
current cancer, or a solid organ transplant were excluded. The baseline date was de�ned as the �rst day
of initiating high-dose GC. The observation period for each treatment episode was 1 year from the
baseline date because previous studies suggested that most PCP cases occur within one-year period [8].
Patient consent was waived by the institutional review board of Kobe University Hospital due to the
retrospective nature of the study (approval number: B190296).

The patients were categorized into two groups: TMP-SMX and atovaquone. If patients had to change or
stop the 1st -line prophylactic drug because of AEs within 4 weeks after 1st -line regimen started, they
were assigned to 2nd -line regimen group.

Medication, Dosage, And Duration Of Pcp Prophylaxis
As prophylaxis for PCP, 1 single-strength tablet of TMP-SMX was administrated daily, which contained
80mg of TMP and 400mg of SMX. The dose reduction was allowed if patients experienced AEs. Patients
who could not take TMP-SMX were given oral atovaquone suspension daily at a dose of 1500mg or
aerosolized pentamidine at a dose of 300mg every 4 weeks. Dapsone was not permitted for use as PCP
prophylaxis in Japan during the study period. Prophylaxis was discontinued according to attending
physicians’ decision when GC dose was reduced below 20mg of prednisolone equivalent dose.

The De�nition Of Pcp
The diagnosis of PCP required recent history of dyspnea, exertion of nonproductive cough, appropriate
response to PCP treatment, the absence of evidence of other cause, and radiographic �ndings compatible
with PCP. The diagnosis was considered de�nitive if Pneumocystis.jirovecii was found on microscopical
analysis of sputum or bronchoalveolar lavage �uid. The diagnosis was considered presumptive if serum
β-D-glucan was elevated when microscopical analysis were not available [9]. Both de�nitive and
presumptive cases were included in this study.

Statistical analysis
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For baseline characteristics, categorical values were evaluated with Mantel-Haenszel Chi-Square test.
Continuous values were evaluated with ANOVA. The primary outcome was incidence of PCP during the
observation. A propensity score approach was used to account for differences between the TMP-SMX
and the atovaquone in potential confounding factors and predictors of outcome. The logistic regression
model was used to calculate the propensity score de�ned as the probability of a patient receiving TMP-
SMX or atovaquone based on patient covariates. Prespeci�ed covariates were baseline age, sex,
diagnosis (systemic lupus erythematosus, idiopathic in�ammatory myopathy, ANCA-associated
vasculitis and other CTDs), disease duration, initial PSL dose, lymphocytopenia de�ned as below 800
cells /ml [10], diabetes mellitus, chronic lung disease, and use of sulfasalazine, steroid pulse therapy,
cyclophosphamide, biologics, and other immunosuppressive agents such as azathioprine, methotrexate,
mizoribine or mycophenolate. The analyses were based on inverse probability of treatment weighting to
reduce the variability of weights and standard errors of estimated treatment effects. Because deaths
irrespective to PCP was considered as a competing risk of PCP incidence, we used the Fine-Gray hazard
competing risk regression model for the primary outcome. To account for missing data, we used multiple
imputations by a chained equation, using all other variables to impute any missing values for variables
included in the logistic regression model. We generated 5 independent imputed datasets. For each
dataset, we estimated propensity score from the logistic model and pooled the resulting parameters
according to Rubin’s rules. Statistical analyses were performed using STATA version 13.1 (StataCorp,
Texas, USA) and R version 4.0.1 (R Development Core Team, Vienna, Austria) and p < 0.05 was considered
statistically signi�cant.

Results
A total of 480 patients with CTDs with a prolonged high-dose GC treatment were identi�ed. Fifteen
patients were excluded since they were already taking TMP-SMX at the time of identi�cation. As a 1st -
line agent, 383 patients initiated TMP-SMX while 17 did other prophylactic drugs (12 atovaquone and 5
pentamidine). Sixty-�ve patients underwent a high-dose GC treatment without PCP prophylaxis. Out of
383 patients with TMP-SMX prophylaxis, 102 (26.6%) patients experienced AEs leading to
discontinuation within 4 weeks of initiation. Major AEs were cytopenia in 44 cases (11.5%), skin rash in
24 cases (6.3%), liver function test abnormality in 23 cases (6.0%), renal function test abnormality in 16
cases (4.2%), and electrolyte abnormality in 11 cases (2.9%). Out of 102 patients who discontinued TMP-
SMX, 98 switched to other prophylactic drugs (95 atovaquone and 3 pentamidine), and 4 stopped PCP
prevention. On the other hands, no patients in the atovaquone discontinued prophylaxis due to AEs during
the study period. Subsequently, patients were categorized as follows; 281 patients to TMP-SMX group,
and 107 patients to atovaquone group (Fig. 1). Among 281 patients in the TMP-SMX, 142 patients
tolerated TMP-SMX, one oral single-strength tablet per day. However, the rest of patients needed to reduce
the dose because of AEs.

Baseline characteristics when GC treatment was started, were shown in Table 1. Compared with the TMP-
SMX, patients in the atovaquone were older, more likely to have chronic lung disease and
lymphocytopenia, to be treated with steroid pulse therapy, and cyclophosphamide. Death except for PCP



Page 5/12

occurred more commonly in the atovaquone. To avoid treatment-selection bias, inverse probability of
treatment weighting was performed. In the weighted cohort, these baseline characteristics of the two
groups were statistically comparable (Supplementary table S1).

During a total of 397.0 person-years (307.7 persons-years in the TMP-SMX and 89.3 persons-years in the
atovaquone), 7 PCP cases (2 in the TMP-SMX and 5 in the atovaquone) occurred with a mortality rate of
54.5%. There were 31 deaths irrelevant to PCP (17 in the TMP-SMX and 14 in the atovaquone). After
adjusting for differences in baseline characteristics between the two groups, the adjusted cumulative
incidence of PCP was similar between the two group (HR = 0.97, 95% CI = 0.19 to 5.09, p = 0.97) (Fig. 2).

Discussion
In this single-center analysis, prophylactic effects for PCP in CTDs patients receiving prolonged high-dose
GCs were similar between TMP-SMX and atovaquone. To the best of our knowledge, this is the �rst article
to compare the effects of atovaquone with TMP-SMX in CTDs patients.

Previously, a few studies compared the prophylactic effects of TMP-SMX with atovaquone in patients
without CTD [11, 12]. One prospective trial compared TMP-SMX to atovaquone for PCP prophylaxis in 39
patients (double-strength TMP-SMX daily [ n = 19] or 1500 mg of atovaquone daily [n = 20]) following
autologous hematopoietic cell transplantation [12]. There were no cases of PCP in either group at 12
months post-transplant. Another trial involving 185 renal transplant recipients (single-strength TMP-SMX
daily [ n = 160] or 1500 mg of atovaquone daily [n = 25]) also found no cases of PCP in either group at 12
months post-transplant [11]. The need for dose reduction and/or premature discontinuation of therapy
secondary to AEs was more common in TMP-SMX-treated patients in both studies. Among HIV-infected
patients who cannot tolerate TMP-SMX, atovaquone and dapsone were similarly effective for the
prevention of PCP as compared to dapsone or aerosolized pentamidine [13]. These and the present
�ndings indicate that atovaquone is an alternative prophylactic agent for PCP prophylaxis.

In the present study, 23.9% of patients among the TMP-SMX discontinued the therapy due to AEs. The
discontinuation rate is considered to be much higher as compared to previously reported studies among
patients without CTD [4, 14]. There have been some studies that reported a higher discontinuation rate
among CTD patients due to AEs [7, 15]. In a retrospective study involving Japanese patients with CTDs
who started PCP prophylaxis, 43% (41/96) discontinued TMP-SMX due to AEs [7]. In another study
investigated Japanese CTDs patients on high-dose GCs, the discontinuation rate of single-strength TMP-
SMX was 20.7% (12/58) owing to AEs within the period of 24 weeks [15]. Although the reasons for higher
discontinuation rate among certain patient population are not entirely clear, there are several plausible
explanations. First, older adults may be at risk of developing AEs from TMP-SMX more frequently due to
age-related physiological and pharmacokinetic changes [16]. Second, SLE patients are reported to have
higher frequencies of sulfa allergy [17]. Third, reported AEs could be related to �are of CTDs or in�uence
of concomitant drugs for CTDs, such as cyclophosphamide. Half dose of daily single-strength TMP-SMX
tablet regimen or dose-escalation regimen may be considered in light of lower frequency of AEs, but their
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e�cacies of those PCP prophylaxis regimens have not been proven yet [15, 18]. In fact, we experienced 2
PCP cases in the TMP-SMX who were administered with less than half dose of daily single-strength TMP-
SMX. Therefore, alternative prophylactic agents may be preferred in case patients are intolerant of TMP-
SMX.

Atovaquone is an antiprotozoal drug that is used for the prevention of PCP for patients who are intolerant
of TMP-SMX. Among non-HIV patients, PCP prophylaxis with atovaquone is reported to be bene�cial for
patients following transplantation [11, 12]. Although atovaquone is a well-tolerated drug, physicians
should pay attention to patients’ medication adherence because the bioavailability of atovaquone is
signi�cantly reduced when administered in the fasting state as compared to be taken after a meal [19].
Lower plasma concentration may lead to inadequate prophylaxis. Previously, 2 cases of prophylaxis
failure were reported in transplant recipients who were receiving low dose of atovaquone [20].

The present study had several limitations. First, because it was a single-center study, these results may
not be generalizable to a different patient population. Second, the number of PCP cases was relatively
small. Third, our study was based on medical record review and some documentation may have been
incomplete. Finally, majority of the patients in the atovaquone initially received TMP-SMX for PCP
prophylaxis. Although their PCP incident rate may be affected, the impact was probably small over the
period of 1 year because all of them stopped TMP-SMX within 4 weeks.

The strengths of this study include the use of data based on relatively large number of CTDs patients
receiving high-dose GCs with detailed clinical data including both clinical outcomes and adverse events.
We used sophisticated statistical models adjusting for potential confounders using inverse probability of
treatment weighting and the Fine-Gray hazard competing risk regression model.

In conclusion, prophylactic effects for PCP in CTDs patients receiving prolonged high-dose GCs were
similar between TMP-SMX and atovaquone. Atovaquone could be used for PCP prophylaxis in CTDs
patients who are intolerant of TMP-SMX. Further studies should aim to replicate our results in a larger
scale.
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Table 1. Baseline characteristics of connective tissue diseases patients receiving high-dose
glucocorticoids
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Characteristic TMP-SMX
(n = 281)

Atovaquone
(n = 107)

P-value

Age, mean (SD) 56 (18) 60 (18) 0.04

Male sex, n (%) 99 (35.2) 31 (29.0) 0.24

Disease duration, months mean (SD) 42 (80) 49 (77) 0.57

Diagnosis, n (%)      

Systemic lupus erythematosus 58 (20.6) 25 (23.4) 0.56

PM/DM 55 (19.6) 23 (21.5) 0.67

ANCA associated vasculitis 53 (18.9) 20 (18.7) 0.97

Rheumatoid arthritis 22 (7.8) 10 (9.3) 0.63

Aortitis 20 (7.1) 4 (3.7) 0.03

Behcet’s disease 6 (2.1) 2 (1.9) 0.86

Adult onset Still’s disease, n (%) 7 (2.5) 4 (3.7) 0.52

IgG4-related disease, n (%) 21 (7.5) 4 (3.7) 0.17

Mixed connective tissue disease, n (%) 3 (1.1) 4 (3.7) 0.08

*Other diseases, n (%) 36 (12.8) 11 (10.3) 0.48

Initial PSL dose, mg/day, mean (SD) 42.7 (15.5) 46.0 (13.7) 0.05

Concomitant treatment, n (%)      

Sulfasalazine 10 (3.6) 3 (2.8) 0.71

Steroid pulse therapy 36 (12.8) 29 (27.1) < 0.01

Cyclophosphamide 40 (14.2) 21 (19.6) 0.19

Biologics 29 (10.3) 8 (7.5) 0.39

**Other immunosuppressive agents 101 (35.9) 33 (30.8) 0.34

Underlying disease, n (%)      

Chronic lung disease 112 (39.9) 55 (51.4) 0.04

Diabetes mellitus 85 (30.2) 26 (24.3) 0.25

Lymphocyte count
 
800/µl

78 (28.0) 47 (43.9) < 0.01

Data are no. (%) patients or mean (SD)
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Demographic and clinical characteristics as mean for continuous data and as numbers (percentages) for
categorical data. T-test or Wilcoxon signed-rank test and the chi-squared test or �sher’s exact test were
used to compare the clinical characteristics between the 2 groups for continuous variables and
categorical variables, respectively.
*Other diseases included cryoglobulinemia, polyarteritis nodosum, polymyalgia rheumatica, relapsing
polychondritis, Sjogren’s syndrome, and systemic sclerosis.
**Other immunosuppressive agents included azathioprine, methotrexate, mizoribine, and mycophenolate.
ANCA, anti-neutrophil cytoplasmic antibody; IgG, immunoglobulin G; PM/DM,
polymyositis/dermatomyositis; PSL, prednisolone; TMP-SMX, trimethoprim-sulfamethoxazole
 

Figures

Figure 1

shows overview of decisions regarding pneumocystis pneumonia prophylaxis. Out of 102 patients who
discontinued TMP-SMX, 98 switched to other prophylactic drugs (95 atovaquone and 3 pentamidine),
and 4 stopped PCP prevention. Subsequently, patients were categorized as follows; 281 patients to TMP-
SMX group, and 107 patients to atovaquone group.
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Figure 2

shows the adjusted cumulative incidence of PCP was similar between the two group (HR= 0.97, 95% CI =
0.19 to 5.09, p = 0.97).
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