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Pneumocystis jirovecii pneumonia (PCP) is a common opportunistic infection causing more than 400 000 cases annually world-
wide. Although antiretroviral therapy has reduced the burden of PCP in persons with human immunodeficiency virus (HIV), an 
increasing proportion of cases occur in other immunocompromised populations. In this review, we synthesize the available random-
ized controlled trial (RCT) evidence base for PCP treatment. We identified 14 RCTs that were conducted 25–35 years ago, principally 
in 40-year-old men with HIV. Trimethoprim-sulfamethoxazole, at a dose of 15–20 mg/kg per day, is the treatment of choice based 
on historical practice rather than on quality comparative, dose-finding studies. Treatment duration is similarly based on historical 
practice and is not evidence based. Corticosteroids have a demonstrated role in hypoxemic patients with HIV but have yet to be 
studied in RCTs as an adjunctive therapy in non-HIV populations. The echinocandins are potential synergistic treatments in need 
of further investigation.
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Pneumocystis jirovecii is an opportunistic fungal infection, 
transmitted through the inhalation of airborne particles, which 
primarily affects immunocompromised patients by causing 
pneumocystis pneumonia (PCP) [1]. Humans are also thought 
to be a natural reservoir, and in times of immune suppression 
colonized people may develop the infectious syndrome [2]. 
Although the incidence of PCP in patients with human immu-
nodeficiency virus (HIV) has diminished in many countries 
with the institution of antiretroviral therapy, major advances 
in biologic immunotherapies, chemotherapy, and transplanta-
tion have led to an increase among other immunocompromised 
populations [3]. Due to the expanding population of at-risk pa-
tients, the number of cases is increasing; in 2017, there were 
over 10 000 PCP hospitalizations in the United States [4], and 
it continues to present a significant problem in patients with 
HIV, especially in Africa [5], Central, and South America [6]. 

Worldwide, there are an estimated 400 000 cases per year [7]. 
Moreover, with newer diagnostic testing strategies boasting im-
proved sensitivity, it is expected that the incidence of PCP will 
continue to increase, especially for patients without HIV [8].

More importantly, antimicrobial prophylaxis against PCP is 
highly effective, and it is routinely administered, in the con-
text of certain immunocompromised conditions such as ac-
quired immune deficiency syndrome (AIDS), early solid organ 
transplantation, or prolonged use of high-dose corticosteroids. 
However, cases may occur when prophylaxis is not routinely 
administered, as a result of breakthrough, due to resistance to 
second-line agents, or due to lapses in prophylaxis from tox-
icity or suboptimal adherence [9]. Furthermore, it has become 
apparent that PCP is associated with significantly more mor-
bidity and mortality in non-HIV- immunocompromised popu-
lations. A growing number of retrospective cohort studies have 
reported fulminant infections with mortality rates ranging be-
tween 20% and 50% among non-HIV populations [10–13] and 
10%–20% for patients with HIV [14–16]. Part of this increased 
mortality may be related to the comorbid illnesses and older 
age of patients without HIV who contract PCP. There remains 
a critical need for safe, effective, evidence-based treatments for 
PCP for people with HIV, as well as the growing population of 
immune suppressed individuals without HIV, who are at risk of 
more fulminant disease.

In this review, we (1) provide an overview of the body of 
randomized controlled trial (RCT) evidence that forms current 
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guidelines for the treatment of PCP (including choice of agent, 
dose, and duration), (2) review identified ongoing clinical trials, 
and (3) highlight significant gaps in the evidence and areas in 
need of further research. For added perspective, we provide in-
formation on the history of some established practices, such as 
dosing of trimethoprim-sulfamethoxazole (TMP-SMX), dura-
tion of therapy, and the use of adjunctive corticosteroids.

THE EVIDENCE BEHIND CURRENT TREATMENT 
RECOMMENDATIONS: METHODS

To review the evidence behind current treatment recom-
mendations we performed a search of PubMed database on 
April 15, 2021, with the search terms “(Pneumocystis OR 
Pneumocystosis OR P. jirovecii OR P. carinii OR PCP Infection 
OR PJP Infection OR PCP Pneumonia OR PJP Pneumonia) 
AND (‘Clinical Trial’[pt] OR ‘Randomized Controlled 
Trial’[pt])”. We looked for randomized controlled trials of PCP 
treatment. We excluded studies of primary or secondary pro-
phylaxis and those that were noncomparative. We also searched 
clinicaltrials.gov for “Pneumocystis pneumonia” and cross-
referenced them to those identified in the PubMed search. A 
more detailed version of the search strategy is available in the 
Supplement Material.

Patient Consent Statement

This study does not include factors necessitating patient 
consent.

RESULTS

Results of the search are summarized in Figure 1; 469 articles 
were screened by title and abstract leaving 25 for full-text re-
view. Seven of these were corticosteroid trials, which have 
been previously described and meta-analyzed [17], 3 were 
noncomparative, and 1 was a study of prophylaxis. This left 

14 RCTs of comparative treatments, which are summarized in 
Table 1 [18–31]. The search of the trials database identified 2 
trials that never released any results and 3 ongoing trials that do 
not yet have results.

Where possible, we conducted a random-effects meta-
analysis of similar studies using Stata version 16 (StataCorp, 
College Station, TX) and the metan command [32]. Studies 
that were meta-analyzed were assessed for risk of bias using the 
Robbins-2 quality assessment tool and were all considered at an 
overall low risk of bias (Supplemental Material).

There are several findings worthy of special attention when 
summarizing the available data. Perhaps most significantly, all 
published, terminated, or completed trials occurred between 
1986 and 1998, wherein TMP-SMX was always studied a dose of 
15–20 mg/kg per day, based on historical practice, as opposed 
to dose-finding studies. This is important for 2 reasons: (1) the 
patient population that is infected with PCP has changed signif-
icantly since this time with respect to age, sex, nature of immu-
nosuppression, and other important comorbidities [33, 34]; and 
(2) all patients are currently treated with a dose and duration of 
TMP-SMX that may not represent the optimal balance between 
avoidance of toxicity and clinical cure.

Population Studied

First, all of the clinical trials we identified comprised predomi-
nantly of men (89%–100% men); second, the mean age of par-
ticipants was less than 40 years old; third, all of the trials were 
completed in patients with HIV and none addressed the current 
predominant [34] at-risk population in North America (non-HIV 
immune suppression); fourth, few studies adequately represented 
participants with any degree of organ insufficiency (in particular a 
lack of inclusion of participants with chronic renal insufficiency or 
those taking medications that may interact with TMP-SMX, such 
as angiotensin-converting enzyme inhibitors, or angiotensin re-
ceptor blockers) [35]; fifth, most trials were small with an average 
number of subjects recruited ~100 (range 21 to 322) per study; 
finally, none of the trials were conducted in the era of modern 
antiretroviral therapy. Outcomes in these trials also do not re-
flect current management of acute respiratory failure, because 
they predate modern critical care management through low tidal 
volume ventilation for acute respiratory distress syndrome [36] 
and the availability of noninvasive ventilatory support [37, 38]. 
Hence, the external validity of these trial results is compromised 
in the management of almost all present-day populations of PCP, 
and application of the results has mainly been through inference.

Treatments Investigated

A total of 11 studies compared TMP-SMX to other treat-
ments (clindamycin/primaquine, dapsone-TMP, inhaled 
or intravenous pentamidine, atovaquone, TMP/folinic 
acid, and trimetrexate/leucovorin) (Figures 2–4), 4 studies 
compared clindamycin/primaquine to other treatments 

Records identified
through database search

(n = 469)
Records excluded

(n = 444)

Full-text articles excluded,
with reasons:

(n = 11)

Full-text articles assessed
for eligibility

(n = 25)

Studies included in the
analysis
(n = 14)

7 corticosteroid trials,
3 noncomparative trials,
and 1 prophylaxis trial

Figure 1. PRISMA diagram.
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Other
drug and
author

Clindamycin-Primaquine
Toma 1998
Safrin 1996

Safrin

Safrin

Sattler

Hughes

Klein
Wharton

Atovaquone

Intravenous pentamadine

1996

1994

1994

1993

1992
1986

.01 .1

Favors TMP-SMX Favors comparator

1995
1994

Toma

Dapsone-TMP

Inhaled pentamadine

TMP-SMX + Folinic acid

Trimetrexate + Leukovorin

Mongomery
Arasteh

Subgroup, DL (I2 = 0.0%, P = .782)

Subgroup, DL (I2 = 0.0%, P = .641)

Subgroup, DL (I2 = 61.6%, P = .106)

Subgroup, DL (I2 = 0.0%, P = .)

Subgroup, DL (I2 = 0.0%, P = .)

Subgroup, DL (I2 = 0.0%, P = .)

Subgroup, DL (I2 = 0.0%, P = .601)

Heterogeneity between groups: P = .031

NOTE: Weights and between-subgroup heterogeneity test are from random-e�ects model; continuity correction applied to studies with zero cells

1993

Medina 1990

Year
Risk ratio
(95% CI)

0.88 (0.40–1.90) 60.58

0.94 (0.35–2.50) 75.43
1.50 (0.27–8.34) 24.57
1.05 (0.45–2.46) 100.00

0.62 (0.39–0.96) 62.35
1.47 (0.56–3.81) 37.65
0.85 (0.37–1.95) 100.00

0.07 (0.00–1.18) 100.00
0.07 (0.00–1.18) 100.00

0.54 (0.34–0.85) 100.00
0.54 (0.34–0.85) 100.00

0.36 (0.17–0.74) 100.00
0.36 (0.17–0.74) 100.00

1.07 (0.73–1.56) 97.42
2.00 (0.20–20.33) 2.58
1.09 (0.75–1.58) 100.00

1.41 (0.44–4.50) 26.84
0.82 (0.15–4.47) 12.58
0.99 (0.54–1.80) 100.00

%
Weight

1 10 100

Figure 2. Trimethoprim sulfamethoxazole (TMP-SMX) vs comparators: treatment failure.

Other
drug and
author

Clindamycin-Primaquine
Toma 1998
Safrin 1996

Safrin

Safrin

Sattler

Hughes

Klein
Wharton

Atovaquone

Intravenous pentamadine

1996

1994

1994

1993

1992
1986

.01 .1

Favors TMP-SMX Favors comparator

1995

Toma

Dapsone-TMP

Inhaled pentamadine

TMP-SMX + Folinic acid

Trimetrexate + Leukovorin

Mongomery

Subgroup, DL (I2 = 0.0%, P = .643)

Subgroup, DL (I2 = 0.0%, P = .862)

Subgroup, DL (I2 = 0.0%, P = .)

Subgroup, DL (I2 = 0.0%, P = .)

Subgroup, DL (I2 = 0.0%, P = .)

Subgroup, DL (I2 = 0.0%, P = .)

Subgroup, DL (I2 = 40.7%, P = .194)

Heterogeneity between groups: P = .012

NOTE: Weights and between-subgroup heterogeneity test are from random-e�ects model; continuity correction applied to studies with zero cells

1993

Medina 1990

Year
Risk ratio
(95% CI)

0.71 (0.13–4.07) 36.98
1.88 (0.37–9.50)
0.61 (0.06–6.33)

42.48
20.54

1.04 (0.36–3.00) 100.00

2.19 (0.43–11.15) 79.04
3.00 (0.13–70.83) 20.96
2.34 (0.55–9.94) 100.00

2.40 (0.87–6.61) 100.00
2.40 (0.87–6.61) 100.00

0.09 (0.01–1.67) 100.00
0.09 (0.01–1.67) 100.00

0.58 (0.35–0.98) 100.00
0.58 (0.35–0.98) 100.00

0.09 (0.01–0.69) 100.00
0.09 (0.01–0.69) 100.00

1.23 (0.75–2.02) 76.41
5.00 (0.64–39.06) 23.59
1.71 (0.53–5.50) 100.00

%
Weight

1 10 100

Figure 3. Trimethoprim sulfamethoxazole (TMP-SMX) vs comparators: overall mortality.
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(dapsone-TMP and TMP-SMX) (Supplemental Figures 1–3), 
and 5 studies compared intravenous pentamidine to other 
treatments (atovaquone, inhaled pentamidine, and TMP-SMX) 
(Supplemental Figures 4–6). For context, the North American 
guidelines for the management of PCP in adult patients with 
HIV [39] and in patients with solid organ transplant [40] are 
summarized in Supplemental Table 1.

All studies of TMP-SMX studied a dose of 15–20 mg/kg of 
the trimethoprim component. The dose of 15–20 mg/kg seems 
to be initially based on a single study of 20 children with leu-
kemia. This underpowered study compared 20  mg/kg with 
4–7 mg/kg and showed no statistical difference between the 2 
regimens [41]. Nonetheless, the higher dose became standard 
of care for adult patients and is still used to this day in most 
countries. This is important given a 2020 systematic review, 
and meta-analysis of observational data suggested that a lower 
dose (10 mg/kg) may be as effective and less toxic [42]. Some 
centers have attempted to highlight that a lower dose should 
be considered in some clinical scenarios pending results of a 

head-to-head comparative dosing trial [43]. Such a trial has 
started in a pilot phase and will be completed subject to funding 
(ClinicalTrials.gov Identifier NCT04851015).

Treatment Failure

Recommending TMP-SMX as first-line therapy is justified given 
that it is the most studied drug, and no agent has ever been shown 
to be superior in terms of treatment failure (Figure 2). There were 
only 2 comparisons in which one treatment was clearly supe-
rior to the other (TMP-SMX was superior to atovaquone [risk 
ratio {RR}, 0.36; 95% confidence interval {CI}, 0.17–0.74] and to 
trimetrexate/leucovorin [RR, 0.45; 95% CI, 0.34–0.85]) with re-
spect to treatment failure. In no case was any treatment compar-
ator demonstrated to be superior to TMP-SMX.

Mortality

With respect to overall mortality, 3 agents (dapsone-TMP and 
inhaled or intravenous pentamidine) had point estimates fa-
voring them versus TMP-SMX, but the confidence intervals 

Other
drug and
author

Clindamycin-Primaquine
Toma 1.07 (0.41–2.80) 10.73

1.13 (0.80–1.61) 81.57
0.82 (0.26–2.54) 7.70
1.10 (0.80–1.51) 100.00

1.80 (1.13–2.85) 65.21
1.89 (1.01–3.55) 34.79
1.83 (1.26–2.65) 100.00

4.25 (2.38–7.58) 96.01
10.12 (0.59–173.06) 3.99
4.40 (2.50–7.76)

1.57 (0.86–2.87)
1.57 (0.86–2.87)

100.00

100.00
100.00

3.65 (1.75–7.59) 100.00
3.65 (1.75–7.59) 100.00

2.87 (1.50–5.50) 100.00
2.87 (1.50–5.50) 100.00

1.35 (0.82–2.23) 58.12
0.91 (0.50–1.64) 41.88
1.14 (0.78–1.68) 100.00

1998
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crossed 1 (Figure 3). Based on a single randomized controlled 
trial, TMP-SMX was superior to atovaquone with respect to 
mortality (RR, 0.09; 95% CI, 0.01–0.69).

Treatment Toxicity

What clearly emerged from the review of the literature is that 
TMP-SMX more frequently leads to treatment discontinua-
tion for reasons related to toxicity (Figure 4). Indeed, when tox-
icity is considered, all point estimates favor the comparator drugs 
with statistically significant differences in favor of less toxicity for 
dapsone-TMP (RR, 1.83; 95% CI, 1.26–2.65), inhaled pentam-
idine (RR, 4.40; 95% CI, 2.5–7.76), and atovaquone (RR, 2.87; 
95% CI, 1.50–5.50), when compared to TMP-SMX. In the case of 
atovaquone, this reduced toxicity is offset by significantly increased 
mortality. In the prior systematic review and meta-analysis of ob-
servational data, lower doses of TMP-SMX had similar mortality 
to higher doses but markedly lower rates of treatment-associated 
adverse events leading to discontinuation [42]. Hence, lower doses 
of TMP-SMX may represent the ideal treatment.

Treatment Duration

The recommended treatment duration for PJP is not well valid-
ated. The guideline-recommended treatment course of 21 days 
for patients with HIV [44] refers to a single retrospective ob-
servation study from 1984 that compared 49 episodes of PCP 
in patients with HIV to 39 episodes in patients with other im-
munosuppressive diseases and found that people with HIV had 
a longer median duration of symptoms (28 days vs 5 days). 
Patients in this study received variable treatment durations 
(10 to 14 days, or longer), and 40% of those initiated on TMP-
SMX had their treatment course altered with the addition of or 
change to pentamidine primarily due to suspected treatment 
failure or due to toxicity. Of note, duration of symptoms had no 
correlation with survival, and the study did not conclude with 
any recommendation addressing treatment duration; it merely 
stated that the clinical course of PCP was noted to be more sub-
acute in patients with HIV. All RCTs of PCP treatment were ex-
clusively for a 21-day course, regardless of the choice of agent, 
presumably based on this observed duration of more prolonged 
symptoms.

The guideline-recommended duration of treatment in non-
HIV cases of immune suppression is at least 14 days with 
longer durations often recommended [40]. For patients with 
other forms of immunosuppression, decision on duration of 
therapy is guided by observational evidence, with a 14-day 
course having been used successfully since early reports [41]. 
Some observational studies suggest that a 14-day course could 
also be considered in HIV [45]. This discrepancy between HIV 
and non-HIV recommendations highlights another major gray 
area of PCP treatment management in need of RCT evidence. 
Patients with PCP may be receiving a longer than necessary 
treatment course.

Treatment in Pregnancy and Breastfeeding

Pregnant or breastfeeding people have not been included in 
any large, randomized trial of PCP treatment. The preferred 
initial therapy for pregnant people with PCP is TMP-SMX 
[44]. Although there may be a small (<1%) increased risk of 
congenital malformation (based on case-control studies of 
TMP-SMX), increased mortality from PCP has also been ob-
served in this population, and so the benefits are believed to 
outweigh the risks. The alternatives in pregnancy include the 
following: atovaquone, clindamycin-primaquine, dapsone-
TMP, and intravenous pentamidine. Both dapsone and pri-
maquine can rarely cause hemolytic anemia in a newborn if 
they have concurrent glucose-6-phosphate dehydrogenase 
deficiency, and both have been demonstrated to cross the pla-
centa [46, 47]. Regulatory agencies should consider including 
pregnant people in future treatment trials of PCP, given that 
they currently receive TMP-SMX without any supporting 
data [48].

The Role of Adjunctive Therapies: Corticosteroids

We found 7 RCTs that examined the role of adjective cortico-
steroids that have been previously published in a systematic 
review [17]. The number and size of trials included in the re-
view (they included 6 RCTs) were small, but they demonstrated 
that adjunctive corticosteroids for HIV-infected people with 
PCP were beneficial for patients with hypoxemia and likely de-
creased mortality. Each of these RCTs is subject to the same lim-
itations as those comparing treatments: namely, they primarily 
involve young men with HIV in an era before modern critical 
care and antiretroviral therapy. There has never been an RCT of 
adjunctive corticosteroids in patients with PCP and solid organ 
transplant, hematological malignancy, or other populations, 
and so use in these settings is based entirely on extrapolation 
from the HIV data.

A systemic review of adjunctive corticosteroids in non-HIV 
populations summarized the available observational data (16 
retrospective studies) and found that in patients with respiratory 
failure, they were possibly beneficial, and in an unselected pop-
ulation, they might be harmful and associated with increased 
mortality [49]. We identified 1 ongoing randomized controlled 
trial (ClinicalTrials.gov Identifier NCT02603575) comparing a 
21-day tapered dose of methylprednisolone against placebo in 
patients with PCP without HIV and being treated with sulfanil-
amide. If steroids are beneficial for non-HIV populations, the 
questions of which steroid, and at what dose and duration, are 
also candidates for study.

The Role of Adjunctive Therapies: Echinocandins

On the basis of bioplausibility [50] and observational re-
ports [51–53], there has been interest in the use of the 
echinocandins as adjunctive agents for the treatment of PCP. 
There are currently 2 randomized controlled trials in critically 
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ill patients without HIV examining the use of adjunctive 
caspofungin listed as actively recruiting (ClinicalTrials.gov 
Identifier NCT03978559 and NCT02603575); however, the 
use of echinocandins in patients with HIV and/or before crit-
ical illness will need to be inferred from those results unless 
additional trials are conducted. Rezafungin is a long-acting 
echinocandin that is currently being studied in phase III 
trials for the prevention of invasive fungal diseases in stem 
cell transplant patients, and it has in vivo data demonstrating 
its ability to prevent PCP in a neutropenic mouse model [54]. 
Rezafungin as a single dose could be an interesting single-
dose adjunctive treatment to evaluate in PCP.

Special Populations: Consideration of Low-Dose Trimethoprim-
Sulfamethoxazole Treatment Pending Randomized Controlled Trial 
Evidence

Guidelines allude to the potential efficacy and reduced tox-
icity of lower dose TMP-SMX without elaborating further 
[39]. Some populations are at higher risk of toxicity (pri-
marily hyperkalemia, renal failure, and sudden death) and 
pending RCT evidence, a lower dose of TMP-SMX could be 
considered. Based on the informed opinion of the authors, 
these populations include the following: (1) older adults 
(we suggest 66 years and older) [35], especially those who 
are concurrently treated with spironolactone and/or renin-
angiotensin-aldosterone inhibitors (where these agents 
cannot be held) [35]; (2) baseline chronic kidney disease 
and/or baseline potassium levels at the upper limit of normal 
before the initiation of TMP-SMX treatment (risk of acute 
kidney injury and/or progression to severe hyperkalemia); 
and (3) patients with a low-intermediate pretest probability 
of disease, who are clinically stable, pending the results of 
definitive testing (low-stakes scenarios whereby the risk of 
toxicity outweighs real or perceived risk of undertreatment). 
In these scenarios, a dose of 10 mg/kg per day can be con-
sidered. We have provided a link to an online dose calculator 
(http://tmpdose.idtrials.com).

CONCLUSIONS

Present day treatment of PCP relies on data from trials that were 
conducted 25–35 years ago. Not only do these trials fail to cap-
ture many populations at risk today, the choice of dose and du-
ration of treatment are based almost entirely on anecdote. Based 
on the available data, the choice of agent for the standard of care 
remains TMP-SMX, which seems appropriate. However, there 
is a need for clinical trials conducted in the modern era of crit-
ical care and HIV management that have better representation of 
women, patients with hematologic malignancies and solid organ 
transplants, and those with renal insufficiency. Patients with and 
without HIV equally stand to benefit from shorter course and/
or lower dose treatment regimens in terms of reduced toxicity. It 
will be important to examine TMP-SMX dosing and treatment 

duration to maximize safety and efficacy, to elucidate whether 
adjunctive corticosteroids for non-HIV populations are safe and 
effective (as well as which class, duration, and dose), and to an-
swer questions about the role of adjuvant echinocandin therapy. 
In the meantime, consideration should be given to downgrading 
the strength of recommendations in current guidelines. This 
review should serve as an overview for clinicians who need to 
understand both the history and substantial limitations that un-
derlie all current treatment recommendations for this common 
but neglected opportunistic infection.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility of 
the authors, so questions or comments should be addressed to the corre-
sponding author.
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