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Background: Pneumocystis jirovecii pneumonia (PCP) is an opportunistic infection in patients on steroid
therapy for connective tissue diseases. The standard agent for primary PCP prophylaxis is trimethoprim/
sulfamethoxazole (TMP-SMX), although this agent can cause common adverse reactions, including
myelosuppression and renal toxicity, that result in cessation. Aerosolized pentamidine and oral atova-
quone are alternatives for PCP prophylaxis. The efficacies of atovaquone, pentamidine, and TMP-SMX to
prevent PCP in patients with connective tissue diseases have never been compared.
Methods: Hospitalized patients with connective tissue diseases who started steroid therapy and PCP
prophylaxis were enrolled. PCP prophylaxis regimens were oral TMP-SMX, aerosolized pentamidine, or
oral atovaquone. Information was retrospectively collected from medical records about laboratory
findings, duration of PCP prophylaxis, and reasons for terminating PCP prophylaxis.
Results: Ninety-six patients received PCP prophylaxis. All of them were initially treated with TMP-SMX,
but this was replaced during the study period with pentamidine in 33 patients and with atovaquone in 7.
Forty-one (43%) patients discontinued TMP-SMX because of adverse events, and 5 (15%) also dis-
continued pentamidine. None of the patients discontinued atovaquone. The most frequent causes of
TMP-SMX and pentamidine cessation were cytopenia (N ¼ 15) and asthma (N ¼ 2). The rates of
continuing treatment with TMP-SMX, pentamidine, and atovaquone at one year after starting PCP
prophylaxis were 55.3%, 68.6%, and 100%, respectively (P ¼ 0.01). None of the patients developed PCP.
Conclusion: Although TMP-SMX for PCP prophylaxis had to be discontinued in 43% of patients with
connective tissue diseases, pentamidine and atovaquone were well tolerated.

© 2019 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
1. Introduction

Pneumocystis jirovecii pneumonia (PCP) is a frequent opportu-
nistic infection in immunocompromised patients, such as those
with HIV infection. The guidelines for primary PCP prophylaxis of
patients infected with HIV in the USA recommend trimethoprim-
sulfamethoxazole (TMP-SMX) [1]. However, common adverse
events, including skin rash, myelosuppression, nausea, fever, and
renal and liver toxicities, can result in withdrawal of TMP-SMX
itazawa).

d The Japanese Association for Infectio
therapy [2]. Aerosolized pentamidine and oral atovaquone are al-
ternatives for PCP prophylaxis.

Immunosuppressive agents and high-dose steroids are used to
treat connective tissue diseases including rheumatoid arthritis and
systemic lupus erythematosus. These drugs induce cellular im-
mune dysfunction in patients with connective tissue diseases, HIV
infection, and hematological and nonhematological trans-
plantation. Notably, in patients with connective tissue diseases,
TMP-SMX has been shown to have preventive effects compared to
no prophylactic treatment [3], and it is generally the first choice in
the clinical setting, although it is often replaced with an alternative
due to adverse effects. However, the effectiveness of PCP prophy-
lactic agents against connective tissue diseases and whether they
can be safely and continuously administered remain unknown. The
us Diseases. Published by Elsevier Ltd. All rights reserved.
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Table 1
Clinical factors of patients with collagen diseases who started prophylaxis for
Pneumocystis jirovecii pneumonia.

Clinical factor Patients (N ¼ 96)

Median age (y; range) 66.5 (17e90)
Males:Females 21:75
Underlying collagen disease
Systemic lupus erythematosus 21
Polymyositis/Dermatomyositis 12
Rheumatoid arthritis 10
Microscopic polyangiitis 6
Adult onset Still disease 6
Immunoglobulin G4-related diseases 4
Mixed connective tissue disease 3
Eosinophilic granulomatosis with polyangiitis 3
Other 12

Table 2
Selection of prophylactic agents against Pneumocystis jirovecii pneumonia.

TMP-SMX Pentamidine Atovaquone

Initial agent 96 0 0
Discontinuation 41 5 0
TMP-SMX replacement e 33 2
Pentamidine replacement 0 e 5
Final selection of agents 55 28 7
Completion of prophylaxis 21 20 0
Development of PCP 0 0 0

PCP, Pneumocystis jirovecii pneumonia; TMP-SMX, trimethoprim/sulfamethoxazole.

Fig. 1. Kaplan-Meier curves of continuation rates relative to numbers of days on PCP
prophylactic agents. TMP-SMX, trimethoprim/sulfamethoxazole.
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present study aimed to determine patient tolerance and the
effectiveness of PCP prophylactic agents in patients with connective
tissue diseases.

2. Patients and methods

2.1. Patients

Adult hospitalized patients who had started steroid therapy and
PCP prophylaxis for connective tissue diseases between October
2014 and October 2016 at Teikyo University Hospital, which is a
teaching hospital in Tokyo, were enrolled. Patients with a history of
allergies to the prophylactic drugs were excluded. The institutional
review board of our hospital approved our review of the infection
control data. The need for informed consent was waived due to the
retrospective nature of the study.

2.2. Definitions

Stopping prophylaxis due to suspected toxicity of the studied
agents and requiring alternative prophylactic medications was
considered a prophylaxis-limiting adverse effect. Completing
prophylaxis free of adverse reactions was defined as stable clin-
ical and respiratory status sustained during the administration of
the PCP prophylactic drug and at least four weeks after the PCP
prophylactic drug was stopped. The diagnosis of PCP was
confirmed by finding pneumocystis organisms in respiratory
specimens.

2.3. Medication, dosage, and duration of PCP prophylaxis

The PCP prophylactic regimens were oral TMP 80 mg with oral
SMX 400 mg per day, aerosolized pentamidine 300 mg per month,
or oral atovaquone suspension 1500 mg per day. Prophylaxis was
stopped when the daily dose of steroid or other immunosuppres-
sants was tapered according to the decision of the attending
physician.

2.4. Data collection

Medical laboratory data, durations of steroid therapy and PCP
prophylaxis, and reasons for PCP prophylaxis termination were
collected from medical records.

2.5. Statistical analysis

Categorical and continuous variables were analyzed using
Fisher's exact test and Student's t-test, respectively. The amount of
time continuing PCP prophylaxis was analyzed using Kaplan-Meier
curves, which were compared using log-rank tests. All tests were
two-sided, with a P value < 0.05 considered significant. Data were
statistically analyzed using PASW Statistics software, version 17.0.2
(WinWrap® Basic).

3. Results

3.1. Patients and continuation of PCP prophylactic drugs

Table 1 summarizes the baseline clinical and demographic
characteristics of the 96 patients with connective tissue diseases
who received PCP prophylaxis. No patient had a history of allergy to
PCP prophylactic drugs before the start of treatment.

All patients were initially treatedwith TMP-SMX, but 41 (43%) of
them could not continue on this agent during the study period
because of adverse events (Table 2). Pentamidine and atovaquone
were given to 33 and 2 patients, respectively, as alternatives.
However, 5 (15%) of the 33 patients also had to discontinue pent-
amidine. Both patients on atovaquone were able to continue the
course of administration. None of the patients who discontinued
any PCP prophylactic agent were given it again. There were 41
patients who completed PCP prophylaxis by tapering the daily dose
of steroids, but no patients completed PCP prophylaxis by tapering
or stopping other immunosuppressants. None of the patients
developed PCP during prophylaxis.

The rates at which prophylactic agents were continued at one
year after starting PCP prophylaxis were 55.3%, 68.6%, and 100% for
TMP-SMX, pentamidine, and atovaquone, respectively (P ¼ 0.01;
Fig. 1).



Table 4
Comparison of platelet counts, estimated glomerular filtration rate, and serum
creatine levels before prophylaxis in patients who completed or stopped therapy
with TMP-SMX.

Stopped
(N ¼ 41)

Continued/Completed
(N ¼ 55)

p

Platelets (�104/mL) 23.8 ± 14.1 28.8 ± 10.2 0.067
eGFR (mL/min/1.73 m2) 73.0 ± 24.0 76.8 ± 28.0 0.242
Serum creatinine

(mg/dL)
0.83 ± 0.60 0.73 ± 0.20 0.191

Values are shown as means ± standard deviation. TMP-SMX, trimethoprim/
sulfamethoxazole; eGFR, estimated glomerular filtration rate.
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3.2. Reasons for stopping PCP prophylaxis

The adverse events of cytopenia (N ¼ 15) and asthma (N ¼ 2)
were the most frequent reasons for stopping prophylaxis with
TMP-SMX and pentamidine, respectively (Table 3).

Platelet counts, estimated glomerular filtration rate (eGFR), and
serum creatinine levels before prophylaxis were compared be-
tween patients who stopped and those who continued/completed
the TMP-SMX regimen (Table 4). Platelet counts and eGFR tended
to be lower and creatinine levels tended to be higher in the patients
who stopped taking TMP-SMX, but the differences were not
significant.
4. Discussion

Pneumocystis jirovecii is a pathogen of opportunistic infections
in immunocompromised hosts, such as thosewho are administered
corticosteroids. None of the patients who were administered pro-
phylactic agents in the present study developed PCP. According to a
retrospective study at the National Institutes of Health, 6% of pa-
tients with PCP with granulomatosis and polyangiitis did not
receive PCP prophylaxis [3]. One review that analyzed the out-
comes of 11 trials found that only granulomatosis with polyangiitis
among collagen vascular diseases was associated with PCP rates
>2.5% [4]. That review found much lower rates of PCP among other
pathologies examined, including systemic lupus erythematosus
and rheumatoid arthritis, in patients on immunosuppressive ther-
apy with corticosteroids or cytotoxic agents [4]. The reported
incidence of PCP in rheumatoid arthritis is 0.17/100 person-years
[5]. Previous studies have indicated that prophylaxis with TMP-
SMX leads to the prevention of PCP in patients with connective
tissue diseases [6e9]. We considered that the absence of PCP in the
present study was due to the preventive effects of prophylactic
drugs.

The present study found that TMP-SMX, pentamidine, and
atovaquone conferred effective prophylaxis against PCP in patients
with connective tissue diseases. This is the first study to compare
the effects of these three prophylactic agents on PCP and the safety
of these agents in patients with connective tissue diseases. A
comparison of the effects of TMP-SMX, dapsone, and pentamidine
on the incidence of PCP in HIV-infected patients found a lower rate
of PCP in patients on TMP-SMX than on other agents [10]. One study
found that both full-dose atovaquone and TMP-SMX prevented PCP
in 185 patients with renal transplantation [11]. Atovaquone was
less effective than TMP-SMX in a trial of patients with AIDS [12].
However, the efficacies of atovaquone and TMP-SMX to prevent
PCP in patients with connective tissue diseases have not been
compared until now. We considered that pentamidine and
Table 3
Reasons for discontinuing prophylaxis for Pneumocystis jirovecii pneumonia.

Reasons for discontinuation TMP-SMX (N ¼ 41) Pentamidine (N ¼ 5)

Cytopenia 15 0
Creatinine elevation 6a 0
Electrolyte abnormalities 5a 0
Hyperkalemia 3b 0
Hyponatremia 3b 0

Skin rash 6 0
Asthma 0 2
Other/unknown 10 3

TMP-SMX, trimethoprim/sulfamethoxazole. Reasons for discontinuation were
judged from medical records or medical laboratory data.

a In one case, TMP-SMX discontinued for both reasons.
b In one case, TMP-SMX discontinued for both abnormalities.
atovaquone could be effective alternatives to TMP-SMX for PCP
prophylaxis in patients with connective tissue diseases.

Some patients develop adverse reactions toTMP-SMX. Park et al.
reported that the incidence of adverse events associated with TMP-
SMX was 21.2/100 person-years for patients with rheumatic
arthritis treated with high-dose steroids [9]. Carr et al. found no
significant difference in the rate of adverse reactions between TMP-
SMX and aerosolized pentamidine as secondary prophylaxis
against PCP in patients with AIDS [13]. A prospective comparison of
atovaquone and TMP-SMX for PCP prophylaxis following autolo-
gous peripheral blood stem cell transplantation found a lower rate
of intolerance to atovaquone than to TMP-SMX [14]. Another
comparison of atovaquonewith TMP-SMX for PCP prophylaxis after
renal transplantation found that the need for dose reduction and
premature cessation of therapy secondary to adverse events was
more prevalent among patients treated with TMP-SMX [11]. These
and the present findings indicate that pentamidine and atovaquone
were well tolerated by patients with connective tissue diseases
who could not tolerate TMP-SMX.

No consensus about PCP prophylaxis for patients with connec-
tive tissue diseases has been reached. The European Conference on
Infections in Leukaemia guidelines recommend aerosolized pent-
amidine, dapsone, and atovaquone as second-line options for pa-
tients who must discontinue TMP-SMX prophylaxis [15]. The final
choice might depend on agent-specific characteristics, including
the route and frequency of administration, marrow toxicity, addi-
tional prophylactic coverage, availability, specific toxicities, and
cost.

The rate of TMP-SMX discontinuation within 30 days after
starting PCP prophylaxis was high in the present study. A previous
study of primary PCP prophylaxis for patients with HIV found that
the mean number of days to the onset of adverse reactions in pa-
tients treated with 480 and 960 mg of TMP-SMX, respectively, was
57 (range, 7 to 191) vs. 16 (range, 5 to 35) days (P ¼ 0.02) [16].
Adverse events might be a result of dose-related cumulative
toxicity caused by the accumulation of reactive metabolites of
sulfamethoxazole rather than of hypersensitivity [17]. Thrombo-
cytopenia due to TMP-SMX is induced by an antibody-mediated
immune mechanism [18]. Acute interstitial nephritis induced by
TMP-SMXmight be associated with hypersensitivity reactions [19].
However, an association between the mechanisms of adverse re-
actions to TMP-SMX and the backgrounds of connective tissue
diseases has not been clarified. Avoiding agents with a high likeli-
hood of eliciting adverse reactions would be better than increasing
glucocorticoid doses for the long-term management of connective
tissue diseases. Therefore, we suggest that careful observation is
necessary in the early stage of PCP prophylaxis, and that any agent
that causes adverse effects should be withdrawn immediately.

The present study found that baseline platelet counts, eGFR, and
serum creatinine values before starting prophylaxis for PCP were
not associated with thrombocytopenia and creatinine elevation in
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patients given TMP-SMX. In a retrospective cohort study of pre-
dictors for cutaneous hypersensitivity reactions to TMP-SMX in the
setting of primary PCP prophylaxis, clinical and laboratory variables
were apparently not sufficiently closely associated with the re-
actions as to permit the development of a useful prediction rule
[20]. Although not significantly associated with TMP-SMX discon-
tinuation, we suggest that patients with low platelet counts and
high serum creatinine values should be very carefully monitored.

This study has the following limitations. The retrospective na-
ture of the investigation, the single-center analysis, and the small
patient cohort led to unbalanced baseline characteristics with
respect to the administration of the different prophylactic agents. A
precise risk-benefit assessment of patients with connective tissue
diseases could not be performed because PCP did not occur. TMP-
SMX is known to increase the creatinine value independently of
renal function, because TMP inhibits tubular creatinine secretion
[21]. Among the patients whose reason for TMP-SMX discontinu-
ationwas due to creatinine increase or eGFR decrease, patients who
did not develop true renal dysfunction might be included. In a
study of adverse renal effects of TMP-SMX, however, of 573 patients
who received treatment with TMP-SMX, 28 (4.9%) developed acute
kidney injury according to Acute Injury Network criteria, and one
patient required dialysis [22]. Neither dose nor duration was an
independent risk factor. Additional prospective research using
multiple biomarkers of renal dysfunction will be required to
determine the safety of TMP-SMX.

In conclusion, 43% of patients with connective tissue diseases
discontinued TMP-SMX for prophylaxis against PCP. Patients with
connective tissue diseases who were unable to tolerate TMP-SMX
for PCP prophylaxis were able to tolerate pentamidine and atova-
quone well.
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