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Adjunctive corticosteroids may be i

associated with better outcome for non-HIV
Pneumocystis pneumonia with respiratory
failure: a systemic review and meta-analysis
of observational studies

Lin Ding', Huixue Huang?, Heyan Wang? and Hangyong He**¢"

Abstract

Background: Evidence supporting corticosteroids adjunctive treatment (CAT) for Pneumocystis jirovecii pneumonia
(PCP) in non-HIV patients is highly controversial. We aimed to systematically review the literature and perform a meta-
analysis of available data relating to the effect of CAT on mortality of PCP in non-HIV patients.

Methods: We searched Pubmed, Medline, Embase, and Cochrane database from 1989 through 2019. Data on
clinical outcomes from non-HIV PCP were extracted with a standardized instrument. Heterogeneity was assessed
with the 2 index. Pooled odds ratios and 95% confidence interval were calculated using a fixed effects model. We
analyzed the impact of CAT on mortality of non-HIV PCP in the whole PCP population, those who had hypoxemia
(Pa0, <70 mmHg) and who had respiratory failure (PaO, < 60 mmHg).

Results: In total, 259 articles were identified, and 2518 cases from 16 retrospective observational studies were
included. In all non-HIV PCP cases included, there was an association between CAT and increased mortality (odds
ratio, 1.37; 95% confidence interval 1.07-1.75; P=0.01). CAT showed a probable benefit of decreasing mortality in
hypoxemic non-HIV PCP patients (odds ratio, 0.69; 95% confidence interval 0.47-1.01; P=0.05). Furthermore, in a sub-
group analysis, CAT showed a significantly lower mortality in non-HIV PCP patients with respiratory failure compared
to no CAT (odds ratio, 0.63; 95% confidence interval 0.41-0.95; P=0.03).

Conclusions: Our meta-analysis suggests that among non-HIV PCP patients with respiratory failure, CAT use may be
associated with better clinical outcomes, and it may be associated with increased mortality in unselected non-HIV
PCP population. Clinical trials are needed to compare CAT vs no-CAT in non-HIV PCP patients with respiratory failure.
Furthermore, CAT use should be withheld in non-HIV PCP patients without hypoxemia.
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Introduction

Preumocystis jirovecii pneumonia (PCP) is a major cause
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is associated with a high risk of opportunistic infections,
including PCP [1, 2]. The mortality associated with PCP
in the non-HIV population group remains high, ranging
from 19 to 76% [3-5], despite the availability of effective
antimicrobial agents such as trimethoprim/sulfamethox-
azole (TMP-SMZ) and pentamidine.

Early studies done in HIV-positive patients showed
that corticosteroids adjunctive treatment (CAT) was
associated with a dramatic decrease in mortality during
PCP episodes [6, 7]. The pathophysiology of PCP may
differ between patients with and without HIV infection.
Conceivably, these differences between the two popula-
tions might affect the ability of steroids therapy to pro-
vide therapeutic benefits [8].

Alternative therapies such as the use of adjunctive
agents in an effort to reduce the mortality associated
with non-HIV population have been evaluated by several
retrospective studies. Unfortunately, the data for CAT
among the non-HIV population are highly controversial
[5, 9], and one study even indicated potential harm with
CAT in severe cases admitted into the intensive care unit
(ICU) [10].

Based on relatively limited and controversial data from
studies available at this stage, the primary objective of
this investigation was to systematically review the litera-
ture and perform a meta-analysis of available data relat-
ing to evaluation of whether CAT can reduce mortality in
non-HIV patients with PCP.

Methods

Data source and study selection

A literature search of Pubmed, Medline, Embase, and
Cochrane database from 1989 to September 2019 was
performed to find published articles evaluating adjunc-
tive corticosteroids therapy for patients with non-
HIV PCP. We limited studies to human subjects and
searched for the following terms: (Pneumocysti*[text
word] OR PCP[text word] OR “Pneumocystis
Infections”[MESH] OR “Pneumocystis jirovecii”[MESH]
OR “Pneumonia, Pneumocystis’IMESH] OR “Pneu-
mocystis carinii’lMESH]) AND (treat* [text word] OR
adjunct* [text word] OR treatment* [text word] OR
steroid*[text word] OR corticosteroid*[text word] OR
glucocorticoid*[text word] OR “Glucocorticoids”[MESH]
OR  “Adrenal Cortex Hormones’[MESH] OR
“Steroids”[MESH]) NOT ((“animals”[MeSH] NOT
“humans”’[MeSH]) AND (“non-HIV” OR “non-AIDS”
OR “non-HIV-infected” OR “HIV-uninfected” OR “AIDS
uninfected” OR “HIV-negative”)). In addition, we also
reviewed the references listed in the identified articles
and performed a manual search of the related articles to
identify all relevant and eligible articles and to minimize
publication bias.
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Two researchers screened and evaluated the eligibility
of all studies independently, and a third reviewer inter-
vened whenever there was a disagreement. The inclu-
sion criteria were (1) original research report of PCP in
non-HIV patients; (2) report of mortality from patients
with non-HIV PCP; (3) reported with data on mortality
between patients treated with and without adjunctive
corticosteroids, and (4) written in English. The exclu-
sion criteria were (1) written in languages other than
English; (2) not related to PCP pneumonia; (3) not an
original research; (4) in vitro studies; (5) reports of single
case experiences. The intervention of interest was corti-
costeroids adjunctive therapy. The comparison groups
were patients treated for non-HIV PCP with and with-
out adjunctive corticosteroids. The outcome of interest
was mortality in all non-HIV PCP patients and mortal-
ity in those with acute hypoxemic respiratory failure, as
defined by the study investigators. The meta-analysis of
observational studies in epidemiology criteria were used
to conduct this investigation, and the article follows
MOGOSE criteria [11].

Data extraction

Two investigators extracted data independently from
each eligible study, using a standardized data extraction
form. Discrepancies in data extraction underwent arbi-
tration by a third reviewer, and consensus was obtained
by verbal discussion. Data collected from each study
included author, year of study, country, age group of
patients, number of patients, causes of immunosuppres-
sion, method of PCP diagnosis, treatment of PCP, defi-
nition of adjunctive corticosteroid use, dose of steroids
used, and mortality.

Data synthesis and data analysis

Data on non-HIV PCP outcomes were collected from
all articles. All-cause mortality and clinical cure rates, as
defined by the individual studies, were the primary out-
come measures used in this meta-analysis. Odds ratios
for mortality were calculated for each article. The sig-
nificance level for this meta-analysis model was set at
P<0.05. Forest plots were provided for mortality in this
meta-analysis. We used the Q statistic to test the exist-
ence of heterogeneity; a P value of less than 0.10 was con-
sidered significant for heterogeneity. I was employed to
assess the proportion of total variability due to heteroge-
neity. An I value of approximately 25% was regarded as
low heterogeneity, 50% as medium, and 75% as high het-
erogeneity. Publication bias was assessed and an appli-
cability concerns graph/summary was conducted using
Review Manager version 5.3 (Cochrane Collaboration,
Oxford, UK).
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For the mortality in all non-HIV PCP patients, we per-
formed a subgroup meta-analysis on different types of
mortality reported (ICU mortality, hospital mortality,
30-day mortality and 60-day mortality). For the mortality
in patients with hypoxemia or respiratory failure, we per-
formed a subgroup meta-analysis on different severity of
hypoxemia: hypoxemia patients with a PaO,<70 mmHg
(including patients with 60 mmHg<PaO,<70 mmHg
and patients with PaO, <60 mmHg), and respiratory fail-
ure patients with a PaO,<60 mmHg. For the different
doses of CAT used, we performed a subgroup meta-anal-
ysis on different patients with high dose (>240 mg pred-
nisone equivalent) or low dose (1 mg/kg/day prednisone
equivalent) CAT.

Results

Literature search

The literature search yield a total of 259 articles possi-
bly related to non-HIV PCP with CAT. By reviewing the
titles and abstracts, studies were mainly excluded due to
the following: not an original research (n=46); reports
of single case experiences (n=35); only diagnostic stud-
ies (n=33); only HIV patients (n=24); written in lan-
guages other than English (n=22); not related to PCP
pneumonia(n = 15); not related to corticosteroids therapy
(n=13); in vivo/in vitro studies (n=5). After the initial
screening, 66 articles with data on treatment of non-HIV
PCP remained for full-text review. Of these, 50 articles
were excluded from further analysis because they did not
include outcome data (n=43), reports of PCP coloniza-
tion without evidence of infection (n=5), or duplicated
reports (n=2). In the final analysis, 16 retrospective
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cohort investigations of patients treated with CAT were
included [3-5, 9, 12-23] (Fig. 1).

Study characteristics

Demographic variables of the included studies are sum-
marized in Table 1. A total of 16 studies involving 2518
patients were included in this meta-analysis. The 16 stud-
ies were conducted in 7 countries as France (n=4), Japan
(n=4), United States (#=2), China (n=2), Korea (n=2),
Italy (n=1), and Greece (n=1).

The type of immunocompromised diseases of non-HIV
patient population included hematological malignancies
(n=715), solid tumor (n=421), rheumatoid arthritis
(n=257), solid organ transplantation (n=133), and other
inflammatory autoimmune diseases (n=393, including
collagen vascular disease, interstitial lung disease, con-
nective tissue disease) (Table 1).

Diagnosis of PCP was based on methenamine silver
stain under microscopic examination (7 studies), fluores-
cent antibody staining (8 studies), or polymerase chain
reaction (4 studies) of the patients’ sputum/bronchoal-
veolar lavage fluid, or transbronchial biopsy (1 study), or
elevated concentration of plasma 1,3-D-glucan (1 study)
(Table 1).

The included investigations differed in their defini-
tion of CAT from different centers (shown in Table 1).
The investigations defined CAT use as prednisone
doses greater than 60 mg/day or methylprednisolone
50—-80 mg/day, pulse corticosteroids(high dose corticos-
teroids as 240 mg/day for 3 days, with the dosage then
tapered during the next 10 days, until no therapy was
given), prednisone doses of 80 mg or greater, and pred-
nisone doses>1 mg/kg.

Literature search (n=259)
records identified through Pubmed database searching  n=251
additional records identified through other sources n=8

Records excluded ( n=193)

A 4

Publications meeting selection criteria for fulltext reading  n=66

not an original research n=46
reports of single case experiences n=35
only diagnostic studies n=33
only HIV patients n=24
¥ written in languages other than English n=22
not related to PCP pneumonia n=15
Not related to corticosteroids therapy n=13
in vitro studies n=5

Fulltext articles excluded with reasons(n=50)

A4

no outcome reported n=43
PCP colonization n=5
duplicated publication of data n=2

Publications selected for data extraction and meta-analysis n=16

Fig. 1 Flowchart of study selection, process and reasons for exclusion of references
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Table 1 (continued)

Total no.

Series no. References author,

Definition of adjunctive
corticosteroids use

Causes of immunosuppression Method of PCP diagnosis

Country

Study design

of patients

year of publish

Adjunctive corticosteroids were

Based on records

After transplantation = 34; solid

1299

Japan

Retrospective multicenter

Inoue, 2019

15

defined < 250 mg/day corti-

tumor =245
Malignancy of lymphoid

costeroids or high dose pulse
steroid therapy which refers to
the administration of 250 mg

tissue = 160; rheumatoid

arthritis=257
Connective tissue disease

prednisone equivalent a day for
one or a few days (usually less

than 5 days)
Adjunctive steroids were high dose

80

(2020) 10:34

Quantitative real-time PCR

29;

Hematologic malignancy

84

China

Retrospective single center

Liu, 2019

16

(> 1 mg/kg/day)

autoimmune diseases =21
Solid cancers =17, solid organ

7

transplantation

BALF, bronchoalveolar lavage fluid; PC, Pneumocystis; PCP, Pneumocystis pneumonia; DFA direct fluorescent antibody; PCR polymerase chain reaction
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Studies also differed in their definition of mortality
(Table 2). Six investigations used in-hospital mortality
rates, six investigations used 30 day all-cause mortality,
two used 60 day all-cause mortality, and two used ICU
mortality rates.

Impact of corticosteroids adjunctive therapy on mortality
of non-HIV PCP
We performed a meta-analysis on mortality associated
with or without CAT in 16 studies in all non-HIV PCP
patients (Table 2). Figure 2 shows treatment with CAT
for non-HIV PCP patients have an significant impact
on mortality (odds ratio, 1.37; 95% confidence interval
1.07-1.75; P=0.01). The CAT was related with a higher
mortality in all non-HIV PCP patients included.
Subgroup analysis for different types of mortal-
ity were performed (as shown in Additional file 1:
Figure 2.2). Treatment with CAT for non-HIV PCP
patients had no significant impact on ICU mortality
(odds ratio, 0.77; 95% confidence interval 0.29-2.08;
P=0.61, Additional file 1: Figure 2.2.1) and 60-day
mortality (odds ratio, 0.97; 95% confidence interval
0.67-1.41; P=0.89, Additional file 1: Figure 2.2.4).
Treatment with CAT for non-HIV PCP patients had
a significant impact on hospital mortality (odds ratio,
2.14; 95% confidence interval 1.17-2.91; P=0.01,
Additional file 1: Figure 2.2.2) and 30-day mortality
(odds ratio, 1.85; 95% confidence interval 1.20-2.84;
P=0.005, Additional file 1: Figure 2.2.3).

Impact of corticosteroids adjunctive therapy on mortality
of non-HIV PCP with hypoxemia or respiratory failure

We performed another meta-analysis on mortality asso-
ciated with or without CAT in 8 studies in which non-
HIV PCP patients with hypoxemia or acute hypoxemic
respiratory failure were reported (Table 2). Figure 3
shows CAT was related to a trend of lower mortality for
non-HIV PCP patients with hypoxemia (odds ratio, 0.69;
95% confidence interval 0.47-1.01; P=0.05).

Subgroup analysis for hypoxemia or respiratory fail-
ure was performed (as shown in Fig. 4). Treatment with
CAT for non-HIV PCP patients with hypoxemia had no
significant impact on mortality (odds ratio, 1.06; 95%
confidence interval 0.44-2.57; P=0.89, Fig. 4a). Treat-
ment with CAT for non-HIV PCP patients with respira-
tory failure had a significant impact on mortality (odds
ratio, 0.63; 95% confidence interval 0.41-0.95; P=0.03,
Fig. 4b). CAT was related to a significantly lower mortal-
ity for non-HIV PCP patients with respiratory failure.
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Impact of high- or low-dose corticosteroids adjunctive
therapy on mortality of non-HIV PCP

High dose (>240 mg prednisone equivalent) or low
dose (1 mg/kg/day prednisone equivalent) CAT were
reported in 7 studies in non-HIV PCP patients. We per-
formed another meta-analysis on mortality associated
with or without CAT in different CAT doses. Figure 5
shows CAT dose had no relation with a lower mortality
for non-HIV PCP patients (odds ratio, 0.92; 95% confi-
dence interval 0.68—1.25; P=0.59).

Subgroup analysis for hypoxemia patients with high
or low dose CAT were performed (as shown in Fig. 6).
Treatment with low dose CAT for non-HIV PCP
patients with hypoxemia had a significant impact on
mortality (odds ratio, 0.61; 95% confidence interval,
0.39-0.94; P=0.02, Fig. 6a). Treatment with high dose
CAT for non-HIV PCP patients with hypoxemia had no
significant impact on mortality (odds ratio, 0.79; 95%
confidence interval 0.16—4.00; P=0.78, Fig. 6b). Low
dose CAT was related to a significantly lower mortality
for non-HIV PCP patients with hypoxemia.

Subgroup analysis of studies published before or after
2005

Based on over 20 years of publication range (from 1998
to 2019) of included studies, all studies published after
2005 had an inclusion period after 2000, which may
represent different ventilation strategies (lung pro-
tective ventilation for ARDS) applied to severe PCP
pneumonia induced respiratory failure. Subgroup anal-
ysis for the impact of publication range on studies was
performed.

In subgroup analysis of 11 studies published after
2005, treatment with CAT for non-HIV PCP patients
had a significant impact on mortality (odds ratio, 1.39;
95% confidence interval 1.07-1.75; P=0.01, Fig. 7b).
In subgroup analysis of five studies with hypoxemia or
respiratory failure published after 2005, Fig. 8b shows
CAT was related to a significantly lower mortality for
non-HIV PCP patients with hypoxemia (odds ratio,
0.64; 95% confidence interval 0.42-0.96; P=0.03).

Publication bias

More than eight studies reported mortality in all stud-
ies and in studies with hypoxemia patients, so we used
funnel plot analysis to assess publication bias. As
shown in Additional file 2, there was no obvious evi-
dence of publication bias for mortality in all studies and
in studies with hypoxemia patients by funnel plots.

Page 7 of 15

Discussion
Our systematic review and meta-analysis revealed for
the first time that CAT is harmful in unselected non-
HIV PCP patients with or without respiratory failure,
but may reduce mortality in the subgroup of non-HIV
PCP patients who have acute hypoxemic respiratory
failure. The main strength of our study is that it had
the largest sample size of 2518 cases from 16 studies of
non-HIV PCP patients treated with or without CAT.
Firstly, our analysis found that when evaluated in the
whole non-HIV PCP population, CAT showed an asso-
ciation with higher mortality. This result indicated that
CAT may increase the mortality in unselected PCP
patients, including those with or without hypoxemia.
This finding is different from that in the HIV-infected
population. In a large RCT for HIV-PCP [7], clinical ben-
efit of early CAT could not be demonstrated for HIV-
infected patients with mild hypoxemia (a partial pressure
of oxygen greater than 75 mmHg on room air), but CAT
also showed no harm for mortality. In the most recent
two large sample studies in non-HIV PCP, there was no
difference in mortality between CAT and no CAT [4, 5].
Secondly, our analysis found a probable associa-
tion between CAT and low mortality in non-HIV
PCP patients with hypoxemia or respiratory failure
(OR=0.69, 95% CI 0.47-1.01, P=0.05). This result is
similar to findings from the HIV-infected patients. Pro-
spective studies in hypoxemic HIV patients with PCP
found that early initiation of corticosteroids reduced the
need for mechanical ventilation and conferred the great-
est mortality benefit [6, 7, 24, 25]. Moon et al. [19] evalu-
ated CAT in moderate to severe non-HIV PCP, and also
indicated that CAT may not improve the outcome of PCP
in non-HIV patients. However, when considering the
heterogeneity of the present analysis (I>=47%), the dif-
ferent treatment protocols between studies and the long
time elapsed between the different studies can lead to
wide differences in the prognosis of critically ill patients,
including mechanically ventilated patients. Further-
more, as for the P=0.05, this result could not be consid-
ered for a conclusive negative recommendation of CAT
use in non-HIV PCP with respiratory insufficiency. The
negative result may be due to the design of this analysis,
which only included retrospective observational studies,
and used different definitions in time and dose of CAT
use, which led to heterogenous effects to the outcome.
Thirdly, our analysis found an association between
CAT and low mortality in non-HIV PCP patients with
respiratory failure(PaO,<60 mmHg). Limited studies
reported the effects of CAT on mortality of non-HIV
PCP with respiratory failure. Pareja et al. [9] described
that the adjunctive corticosteroids shortened the dura-
tion of the mechanical ventilation and may accelerate
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CAT no CAT Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% Cl

Pareja, 1998* 7 16 5 14 26% 1.40[0.32,6.11] 1998 —

Delclaux, 1999 9 23 4 8  32% 0.64[0.13,3.25) 1999 —

Zahar, 2002 10 3 3 8 28% 0.79[0.16, 4.00) 2002 =

Pagano, 2002 8 22 12 33 54% 1.00[0.33,3.07) 2002

Rohlot, 2003 15 35 5 25 289% 3.00(0.92,9.83] 2003 |

Bollee, 2007 2 21 ] 35 54% 0.30[0.06, 1.57) 2007 S

Aoki, 2009 7 13 4 12 1.7% 2.33[0.46,11.81] 2008 -

Moon, 2011* 18 59 10 29 82% 0.83[0.32,2.15) 2011 Y

Matsumura, 2011 16 60 4 22 38% 1.64[0.48,5.57) 2011 S

Kim, 2014 62 152 0 21 05% 29.70[1.77,499.37] 2014

Kofteridis, 2014 15 50 3 12 3.0% 1.29(0.30,5.43] 2014 SN

Weng, 2016 48 64 14 18 48% 0.86[0.25,2.98] 2016 Y

Kotani, 2017 3 9 1 11 0.5% 5.00[0.42,59.66] 2017 ]

Wieruszewski, 2018* 68 258 6 74 B.0% 4.06[1.68,9.77) 2018 —_—

Inoue, 2019* 213 1140 34 159 426% 0.84 [0.56,1.27) 2019 -

Liu, 2019 23 43 16 41 6.7% 1.80([0.75,4.28) 2019 T

Total (95% ClI) 1996 522 100.0% 1.37[1.07, 1.75] *

Total events 524 130

ity: Chi*= = = 0.04), F= t + t t
Heterogeneity: Chi*= 25.86, df=15 (P = 0.04); F= 42% 0002 01 1 10 500

Test for overall effect. Z= 2.53 (P = 0.01)

Favours CAT Favours no CAT

Fig. 2 Forest plot for effect of corticosteroids adjunctive therapy (CAT) on mortality of non-HIV PCP

Test for overall effect: Z=1.93 (P = 0.05)

CAT no-CAT Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% Cl _Year M-H, Fixed, 95% CI
Pareja, 1998* 8 12 4 9 24% 250[0.42,14.83] 1998
Delclauy, 1999 9 23 4 8 56% 0.64[0.13,3.25] 1999
Zahar, 2002 10 N 3 8 50% 0.79[0.16, 4.00] 2002
Bollee, 2007 2 21 9 35 95% 0.30[0.08,1.57] 2007
Aoki, 2009 7 13 4 12 3.0% 233[0.46,11.81] 2009
Moon, 2011* 18 37 10 17 10.9% 0.66[0.21,2.12] 2011 -
Weng, 2016 48 64 14 18 85% 0.86[0.25,2.98] 2016 -]
Inoue, 2019* 163 661 26 71 55.0% 0.57[0.34,0.95 2019 ——
Total (95% Cl) 862 178 100.0%  0.69[0.47,1.01] S
Total events 265 74 ) . . ) . .
Heterogeneity: Chi*= 5.86, df=7 (P = 0.56); F= 0% 011 0:2 0:5 ] ﬁ é 1-0

Favours [CAT] Favours [no-CAT]

Fig. 3 Forest plot for effect of corticosteroids adjunctive therapy (CAT) on mortality of non-HIV PCP with acute hypoxemic respiratory failure

recovery in cases of non-HIV PCP. Although their study
suggested potential benefit of using CAT, it showed no
difference in mortality. Lemiale et al. [10] focused on the
effect of CAT in non-HIV severe PCP admitted to ICU,
and found that high dose steroid was even associated
with increased mortality. And recently, Inoue et al. [4]
analyzed the severe non-HIV PCP group with and with-
out CAT in a nationwide case series, and revealed that
CAT was associated with lower risk of 60-day mortality
in non-HIV PCP patients with severe respiratory failure.
Moreover, even though a low PaO, (<60 mmHg) is part
of the definition of acute respiratory insufficiency, the use
of the level of PaO, alone has some limits to adequately
report the severity of Pneumocystis pneumonia. The use

of PaO,/FiO, may be more informative to this purpose.
This may have a great impact on the results of the present
analysis. The future analysis should consider PaO,/FiO,
rather than PaO, alone to classify the patients. However,
because there were fewer number of studies included,
and the standard of the hypoxemia or respiratory failure
was subjective based on the retrospective observational
studies, the results from the subgroup analysis on hypox-
emia and respiratory failure was inconclusive at this
stage. Although not definitive, this subgroup analysis at
least suggested that CAT may have the potential benefit
for mortality in patients with hypoxemia and respiratory
failure.
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Heterogeneity: Chi*= 5.86, df=7 (P = 0.56), F= 0%
Test for overall effect: Z=1.93 (P = 0.05)

Test for subaroun differences: Chi*=1.13.df=1 (P=0.29). F=11.5%

respiratory failure

CAT no-CAT Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
a. Mortality for CAT with hypoxia
Pareja, 1998* 8 12 4 9 24% 250[0.42,14.83] 1998
Bollee, 2007 2 21 9 35 95% 0.30[0.08,1.57) 2007
Aoki, 2009 7 13 4 12 3.0% 2.33[0.46,11.81]) 2009
Subtotal (95% CI) 46 56 14.9%  1.06[0.44, 2.57] e
Total events 17 17
Heterogeneity: Chi*= 4.02, df=2 (P=0.13); F=50%
Test for overall effect. Z=0.13 (P = 0.89)
b. Mortality for CAT with respiratory failure
Delclauy, 1998 9 23 4 8 56% 0.64[0.13,3.25 1999
Zahar, 2002 10 N 3 8 50% 0.79[0.16, 4.00) 2002
Moon, 2011* 18 37 10 17 10.9% 0.66(0.21,2.12] 2011 - * 1
Weng, 2016 48 64 14 18 85% 0.86[0.25,2.98] 2016 — =
Inoue, 2019* 163 661 26 71 55.0% 0.57[0.34,0.95 2019 —i—
Subtotal (95% CI) 816 122 85.1%  0.63[0.41,0.95] <P
Total events 248 57
Heterogeneity: Chi*= 0.48, df=4 (P=0.98); F=0%
Test for overall effect: Z=2.22 (P =0.03)
Total (95% CI) 862 178 100.0%  0.69 [0.47, 1.01] -
Total events 265 74 ) ) . .

01

Fig. 4 Forest plot of subgroup analysis for effect of corticosteroids adjunctive therapy (CAT) on mortality of non-HIV PCP with hypoxemia or
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Test for overall effect: Z=0.49

Heterogeneity: Not applicable
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Test for overall effect: Z=0.28 (P=0.78)
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a. CAT for non-HIV PCP with Low dose CAT
Pareja, 1998* 7 16 5
Pagano, 2002 8 22 12
Bollee, 2007 2 21 9
Moon, 2011* 18 59 10
Inoue, 2019* 213 1140 34
Liu, 2019 23 43 16
Subtotal (95% Cl) 1301

Total events 271 86
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Heterogeneity: Chi*= 4.61, df=6 (P = 0.60), F=0%
Test for overall effect: Z=0.53 (P = 0.59)
Test for subaroun differences: Chi*=0.03. df=1 (P=0.86). F= 0%
Fig. 5 Forest plot for effect of different doses of corticosteroids adjunctive therapy (CAT) on mortality of all non-HIV PCP patients
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Finally, when we combined the results that CAT

increased mortality in unselected non-HIV PCP
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CAT no-CAT Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H., Fixed, 95% CI
a. CAT for hypoixa/RF non-HIV PCP with low CAT dose
Pareja, 1998* 8 12 4 9 29% 250[0.42 14.83] 1998
Bollee, 2007 2 21 9 35 11.5% 0.30[0.08,1.57] 2007
Moon, 2011* 18 37 10 17 13.2% 0.66(0.21,2.12] 2011 - = |
Inoue, 2019* 163 661 26 71 66.4% 0.57[0.34,0.95 2019 ——
Subtotal (95% Cl) 731 132 93.9%  0.61[0.39,0.94] -
Total events 191 49
Heterogeneity: Chi*= 3.20, df= 3 (P = 0.36); F= 6%
Test for overall effect. Z=2.25 (P=0.02)
b. CAT for hypoxia/RF non-HIV PCP with high CAT dose
Zahar, 2002 10 N 3 8 61% 0.79[0.16,4.00] 2002
Subtotal (95% CI) 31 8 6.1% 0.79[0.16,4.00] e ——
Total events 10 3
Heterogeneity: Not applicable
Test for overall effect: Z=0.28 (P=0.78)
Total (95% Cl) 762 140 100.0%  0.62[0.41,0.94] -
Total events 20 52 ) ) ) )
Heterogeneity: Chi*= 3.30, df=4 (P=0.51); F=0% 6.05 072 1 5'; 26

Test for overall effect. Z=2.25 (P=0.02)

Testfor subaroun differences: Chi*=0.10. df=1 (P=0.75). F=0%
Fig. 6 Forest plot of subgroup analysis for effect of different doses of corticosteroids adjunctive therapy (CAT) on mortality of non-HIV PCP with
hypoxemia or respiratory failure

Favours [CAT] Favours [no-CAT]

CAT Control Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M_-H, Fixed, 95% Cl
a. Subgroup analysis for studies published before 2005
Pareja, 1998* 7 16 5 14  26% 1.40[0.32,6.11] 1998 —
Delclauy, 1999 9 23 4 8  32% 0.64[0.13,3.25) 1999 =
Pagano, 2002 8 22 12 33 54% 1.00[0.33,3.07) 2002 .
Zahar, 2002 10 3 3 8 28% 0.79[0.16, 4.00) 2002 -1
Roblot, 2003 15 35 5 25 2.9% 3.00[0.92,9.83] 2003 |
Subtotal (95% CI) 127 88 16.9% 1.31[0.72, 2.36] >
Total events 49 29
Heterogeneity: Chi*=3.21, df= 4 (P=0.52), F=0%
Test for overall effect. Z= 0.88 (P = 0.38)
b. Subgroup analysis for studies published after 2005
Bollee, 2007 2 21 9 35  54% 0.30[0.06,1.57) 2007 -1
Aoki, 2009 7 13 4 12 1.7% 2.33([0.46,11.81] 2009 ]
Moon, 2011* 18 59 10 29 8.2% 0.83([0.32,2.15) 2011 T
Matsumura, 2011 16 60 4 22 3.8% 1.64 [0.48,5.57]) 2011 -
Kim, 2014 62 152 0 21 05% 29.70[1.77,499.37] 2014
Kofteridis, 2014 15 50 3 12 3.0% 1.29[0.30,5.43] 2014 N
Weng, 2016 48 64 14 18 4.8% 0.86[0.25,2.98) 2016 T
Kotani, 2017 3 9 1 1" 0.5% 5.00([0.42, 59.66] 2017 ]
Wieruszewski, 2018* 68 258 6 74 6.0% 4.06([1.68,9.77) 2018 —
Inoue, 2019* 213 1140 34 159 426% 0.84 [0.56,1.27) 2019
Liu, 2019 23 43 16 41 6.7% 1.80([0.75,4.28) 2019 =
Subtotal (95% CI) 1869 434 83.1% 1.39[1.06, 1.81]
Total events 475 101
Heterogeneity: Chi*= 22.73, df=10 (P = 0.01); F= 56%
Test for overall effect. Z= 2.37 (P=0.02)
Total (95% CI) 1996 522 100.0% 1.37[1.07, 1.75] >
Total events 524 130

ihe Ohi® = = - R= t + t +

Heterogeneity: Chi*= 25.86, df=15 (P = 0.04), F=42% 0.002 01 10 500

Test for overall effect. Z= 2.53 (P =0.01)
Test for subaroun differences: Chi*= 0.03. df=1 (P = 0.86). F=0%

Fig. 7 Forest plot of subgroup analysis of studies published before and after 2005 for effect of different doses of corticosteroids adjunctive therapy
(CAT) on mortality of all non-HIV PCP patients

Favours [experimental] Favours [control]
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CAT Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI

a. Subgroup of studies published before 2005

Pareja, 1998* 8 12 4 9 24% 250([0.42,14.83] 1998

Delclaux, 1999 9 23 4 8 56% 0.64[0.13,3.25] 1999

Zahar, 2002 10 N 3 8 50% 0.79[0.16, 4.00] 2002

Subtotal (95% Cl) 66 25 13.0%  1.04[0.40, 2.69] e —

Total events 27 11

Heterogeneity: Chi*=1.38, df= 2 (P = 0.50); F= 0%

Test for overall effect: Z= 0.08 (P = 0.94)

b. Subgroup of studies published after 2005

Bollee, 2007 2 21 9 35 95% 0.30 [0.06,1.57] 2007

Aoki, 2009 7 13 4 12 3.0% 2.33[0.46,11.81) 2009

Moon, 2011* 18 37 10 17 10.9% 0.66[0.21,212] 2011 - =~ 1

Weng, 2016 48 64 14 18  85% 0.86 [0.25,2.98] 2016 "

Inoue, 2019* 163 661 26 71 550% 0.57[0.34,085] 2019 —i—

Subtotal (95% CI) 796 153 87.0%  0.64[0.42, 0.96] -

Total events 238 63

Heterogeneity: Chi*= 3.66, df=4 (P = 0.45), F=0%

Test for overall effect: Z=2.14 (P = 0.03)

Total (95% Cl) 862 178 100.0%  0.69 [0.47, 1.01] -

Total events 265 74

Heterogeneity: Chi*= 5.86, df= 7 (P = 0.56); F= 0% u 05 u‘z ] 5 25

Test for overall effect: Z=1.93 (P = 0.05) ' ;- (.

Test for subaroun differences: Chi*=0.85. df=1 (P=0.36). F= 0% GRRNIHES, AUMTIRIGNY], ki Eonioy
Fig. 8 Forest plot of subgroup analysis of studies before and after 2005 for effect of different doses of corticosteroids adjunctive therapy (CAT) on
mortality of non-HIV PCP patients with hypoxemia or respiratory failure

patients, there was a trend of decreasing mortality in
moderate and severe PCP patients with hypoxemia,
and significantly decreased mortality in patients with
respiratory failure, indicating that CAT may be associ-
ated with an increased mortality mainly in PCP with-
out hypoxemia, and with a decreased mortality mainly
in severe non-HIV PCP with respiratory failure. These
findings is different from that in the HIV-PCP [4, 5, 7].
Therefore, based on our analysis, we speculated that
CAT may be avoided in non-HIV PCP without hypox-
emia, and may be considered in those with respiratory
failure.

Moreover, comparing the impact of high and low
doses of corticosteroids is of critical importance.
Indeed, corticosteroids are in some patients the factor
leading to the development of PCP, and low doses may
only represent (both in the physician point of view and
by its proper effect) the continuation of the treatment
instead of an adjunctive therapy. The classification
proposed by Lemiale et al. [10] was very meaningful
in terms of the dosage of corticosteroids: no corticos-
teroids, low dose or high dose. In the study by Inoue
and coworkers, patients with respiratory failure had
received low dose corticosteroids (mean dose of equiv-
alent prednisone in the present study was 39 mg/day),
and they found benefits on mortality with low dose
(17-36 mg/day) by subgroup of corticosteroids daily

dose, a result quite similar to that proposed in Lemiale’s
study.

Our analysis has limitations. First, all studies included
were retrospective studies, no prospective randomized
trials were included. The studies included used differ-
ent definitions in CAT and type of mortality, which led
to heterogenous effects on the outcome. Moreover, this
meta-analysis was performed on retrospective studies,
and timing and dose of steroid in severe patients were
not clearly described. However, we did subgroup analysis
to explore potential heterogeneity. Second, due to lack of
reported data, alternative endpoints other than mortal-
ity, such as intubation rate, duration of ventilation, and
length of hospital/ICU stay, were unable to be analyzed.

Conclusions

This systematic review and meta-analysis included 16
studies with 2518 participants, providing an overview of
research on CAT for non-HIV PCP. Our meta-analysis
suggests that among non-HIV PCP patients with respira-
tory failure, CAT use may be associated with better clini-
cal outcomes, and it may be associated with increased
mortality in unselected non-HIV PCP population. We
believe that clinical trials are needed to compare CAT vs
no-CAT in non-HIV PCP patients with respiratory fail-
ure. Furthermore, CAT use may be withheld in non-HIV
PCP patients without hypoxemia.
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