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Abstract. Combined treatment with caspofungin and trim-
ethoprim/sulfamethoxazole (TMP/SMZ) as salvage therapy 
in non‑HIV positive patients with severe pneumocystis 
pneumonia (PCP) yields poor outcomes. It remains unknown 
whether the use of this combination strategy as a first‑line 
therapy would improve patient outcomes. The present study 
aimed to assess the efficacy of caspofungin combined with 
TMP/SMZ as a first‑line therapy in non‑HIV positive patients 
with severe PCP. A retrospective cohort study was conducted 
between March  2016 and February  2017. Patient clinical 
characteristics and outcomes were compared between two 
groups receiving first‑line and second‑line therapy respec-
tively. In addition, similar cases from previous studies were 
assessed. A total of 14 patients were included in the present 
study (mean age, 58.79±14.41 years); including 9 patients 
receiving caspofungin and TMP/SMZ as a first‑line therapy 
and 5 that received it as a second‑line therapy. The overall 
positive response rate was 71.43% (10/14), with 88.89 (8/9) 
and 40.00% (2/5) in the first‑line and second‑line therapy 
groups, respectively (P=0.095). The positive response rates 
of patients requiring invasive mechanical ventilation differed 
significantly between the first‑line (5/6, 83.33%) and the 
second‑line (0/3, 0%) therapy groups (P=0.048). All‑cause 

hospital mortality was 42.86% (6/14), with mortality rates of 
33.33 (3/9) and 60.00% (3/5) in the first‑line and second‑line 
therapy groups, respectively (P=0.580). Combined with 
previously reported cases (n=27), the positive response 
rate was significantly greater in the first‑line therapy group 
(11/12, 91.67%) than in the second‑line therapy group (8/15, 
53.33%, P=0.043). No significant differences were in all‑cause 
mortality rates between the two groups (25.00 vs. 46.67%, 
P=0.424) were identified, despite the fact that all‑course 
mortality in the first‑line therapy group was ~50% that of the 
second‑line therapy group. Therefore, the results of the present 
study indicate that combined caspofungin and TMP/SMZ as 
first‑line therapy may be a promising and effective strategy to 
treat non‑HIV positive patients with severe PCP, particularly 
for those requiring invasive mechanical ventilation.

Introduction

Pneumocystis pneumonia (PCP) is a severe and life‑threatening 
opportunistic infection that occurs in immunocompromised 
patients (1). The routine use of highly active antiretroviral 
therapy and PCP prophylaxis in patients with HIV has decre
ased the incidence and mortality rates of PCP (1,2). However, 
the incidence of PCP in non‑HIV positive patients has steadily 
increased due to the widespread use of immunosuppressive 
agents and corticosteroids (2). Despite the use of trimetho
prim/sulfamethoxazole (TMP‑SMZ) as first‑line therapy, 
mortality rates in non‑HIV positive patients diagnosed with 
PCP remain high. The overall mortality rate of patients with 
PCP is 48‑67% (3,4) and is 84.2% in patients with severe 
PCP (5). Therefore, the treatment of non‑HIV positive pati
ents with severe PCP remains challenging and alternative 
therapeutic strategies are required.

Caspofungin is a novel antifungal agent that inhibits the 
synthesis of β‑1,3‑glucan in the cell wall (6). It may be an effec-
tive treatment for PCP, as β‑1,3‑glucan is the primary component 
of the cyst cell wall in Pneumocystis jirovecii (P. jirovecii) (7). 
TMP‑SMZ affects trophic forms of P. jirovecii (8,9), whereas 
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caspofungin primarily acts on cyst forms of P. jirovecii (6); 
therefore, caspofungin may be used to treat severe or refrac-
tory PCP in combination with TMP/SMZ. In a mouse model of 
PCP, Lobo et al (10) demonstrated that the efficacy of low‑dose 
caspofungin (0.001‑0.1 mg/kg/day) combined with the stan-
dard‑prophylactic dose of TMP/SMZ (12.5/62.5 mg/day), was 
higher than that of each drug alone (P<0.05). The synergistic 
effects of caspofungin and TMP/SMZ in the treatment of PCP 
have also been described in several case reports of non‑HIV 
positive patients with severe PCP  (8,9,11,12). However, in 
a case series including 4 non‑HIV positive patients with 
severe PCP, no patients responded to combination treatment, 
which was used as second‑line therapy following TMP/SMZ 
treatment failure (13). Therefore, it remains unclear whether 
combination treatment with TMP/SMZ and caspofungin as 
first‑line therapy is more effective than its use as second‑line 
therapy to treat severe PCP.

Therefore, the present retrospective cohort study aimed to 
comparatively assess caspofungin and TMP/SMZ combina-
tion as first and second‑line therapies to treat non‑HIV positive 
patients with severe PCP. Data from cases included in previous 
studies were included in the analysis.

Patients and methods

Patients. The present study was performed at the Second 
Affiliated Hospital, Zhejiang University School of Medicine 
(Hangzhou, China), a 3,200‑bed tertiary care teaching hospital 
in China. Consecutive cases, assessed by polymerase chain 
reaction (PCR) and/or Grocott's methenamine silver (GMS) 
staining of bronchoalveolar lavage fluid (BALF), sputum, or 
trachea aspirate samples taken from patients with suspected 
PCP, were identified by screening the laboratory database. A 
total of 65 patients with suspected PCP were recruited to the 
present study from March 2016 to February 2017. The mean 
age of the patients was 59.36±11.56 years and 47.69% (31/65) 
of them were males.

The present study received human research ethics approval 
(no. 2017‑022) from the Ethics Committee of The Second 
Affiliated Hospital, School of Medicine, Zhejiang University. 
Due to the retrospective nature of the study, the Ethics 
Committee determined that no patient consent was required. 
In addition, as the manuscript did not include any personal 
information, a statement of permission from patients for 
submission to the present study was not required.

Microbiological methods. Bronchoalveolar lavage was perfo
rmed through a fiber‑optic bronchoscope using standard 
techniques. Following local anesthesia of the airways with 
2% lidocaine spray (Xiangxue Pharmaceutical Co., Ltd., 
Guangzhou, China), a fiber‑optic bronchoscope was inserted 
into the lung and inserted into a peripheral airway of the 
lingula, right middle lobe or lesion localized lobe. Sterile 
saline (5x20 ml aliquots) at 37˚C was instilled through the 
bronchoscope and the fluid was immediately removed via 
suction with 50‑100 mmHg of negative pressure. A total of 
40‑60% of the infused volume was recovered (14). BALF, 
sputum and trachea aspirate were extracted for GMS staining 
and PCR for PCP  when PCP was suspected following 
hospitalization.

GMS staining was performed following a routine 
laboratory protocol. Briefly, samples of BALF, sputum, and 
trachea aspirate were centrifuged at 603.7 x g for 5 min at 
room temperature and the sediment was smeared. Slides were 
then stained with periodate solution for 10‑15 min at room 
temperature, fresh hexamine silver solution (BA4094; BaSO 
Biotechnology Co., Ltd., Wuhan, China) at 62˚C for 30 min, 
sodium thiosulfate solution for 3 min at room temperature 
and hematoxylin‑eosin staining solution for 30‑60 sec at room 
temperature, respectively. Slides were then examined using a 
light microscope (Fig. 1).

PCR was performed using specific primers to amplify 
the mitochondrial large subunit rRNA (mtLSUrRNA) gene 
of P. jirovecii. Total DNA from each sample was extracted 
using the Axygen Bacterial Genome Extraction kit (Axygen; 
Corning Inc., Corning, NY, USA) following the manufacturer's 
instructions. PCR amplification primers were synthesized by 
Sangon Biotech Co., Ltd. (Shanghai, China). The sequence of 
the primers were as follows: pAZ102‑E sense, 5'‑GAT​GGC​
TGT​TTC​CAA​GCC​CA‑3' and pAZ102‑H antisense, 5'‑GTG​
TAC​GTT​GCA​AAG​TAC​TC‑3', and a 20 µl reaction system 
including Taq DNA polymerase (Takara Biotechnology Co., 
Ltd., Dalian, China) was used. The amplification fragment 
was 346 bp long and the PCR amplification was performed 
including initially denaturing at 94˚C for 5 min followed 
by amplification for 30 cycles and a final extension. Each 
cycle consisted of denaturation at 94˚C for 30 sec, followed 
by annealing at 52˚C for 30 sec, then elongation at 72˚C for 
30 sec, followed by a final extension at 72˚C for 5 min. PCR 
products were detected by 1% Agar agarose gel electropho-
resis and visualized with ultraviolet light. PCR amplification 
fragments with the bands of the correct length (346 bp) were 
sent to Sangon Biotech Co., Ltd., for sequencing. Sequences 
were compared with those listed in the GenBank database 
(http://blast.ncbi.nlm.nih.gov/Blast.cgi; Fig.  2), and PCR 
amplification fragments with correct sequence were positive.

Inclusion and exclusion criteria. The inclusion criteria were 
as follows: i) The presence of relevant pulmonary symptoms, 
including fever, cough or dyspnea; ii) pulmonary infiltration 
indicated by chest radiography or computed tomography (CT), 
which was performed when PCP was clinically suspected 
following hospitalization; iii) microbiological confirmation 
by positive PCR and/or GMS results for sputum, aspirate or 
BALF samples; iv) severe PCP; and v) treatment with caspo-
fungin combined with TMP/SMZ. Patients that were <18 years 
old, HIV positive or pregnant were excluded from the present 
study.

Data collection. Clinical data were retrieved from medical 
records. These included data regarding demographic charac-
teristics; underlying diseases; immunosuppressive conditions 
in the 3 months preceding PCP onset; clinical symptoms and 
laboratory test results on admission; radiological images; 
illness severity parameters, including oxygenation index 
(PaO2/FiO2), and acute physiology and chronic health evalua-
tion (APACHE) II score on the day of acute respiratory failure 
(ARF); the time of PCP symptom onset; duration of PCP 
treatment and the PCP treatment regimen administered. The 
PCP treatment regimen administered in the present study was 
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a combination of TMP/SMZ and caspofungin, used as a first‑ 
or second‑line therapy. The primary endpoint was all‑cause in 
hospital mortality and the secondary endpoint was the positive 
response rate to the PCP treatment.

Systematic review of literature. The PubMed data-
base (www.ncbi.nlm.nih.gov/pmc/) was screened on 
December  31,  2016 using the key words ‘Pneumocystis 
pneumonia’, ‘Pneumocystis jirovecii pneumonia’, ‘Pneumo­
cystis carinii pneumonia’ and ‘caspofungin’. Studies were only 
included if they were written in English and evaluated PCP 
patients treated with caspofungin combined with TMP/SMZ. 
Titles, abstracts, and full texts of all relevant articles were 
subsequently screened for those which included patients 
with severe PCP diagnosed based on pulmonary symptoms, 
pulmonary imaging expressions and positive PCR, and/or 
GMS results for respiratory secretion samples simultaneously. 
Studies that had included patients that were <18 years, HIV 
positive or pregnant were excluded. The following parameters 

from previous studies were analyzed: Demographic charac-
teristics, underlying diseases, co‑infection, PCP treatment 
regimens, response to PCP treatment and all‑cause in‑hospital 
mortality.

Definitions. The classification of PCP severity was based 
on partial arterial oxygen pressure (PaO2) while breathing 
room air or the alveolar‑arterial oxygen difference (A‑aDO2), 
as follows: Mild, PaO2 >70 mmHg or A‑aDO2 <35 mmHg; 
moderate, PaO2 ≤70 mmHg or A‑aDO2 ≥35 mmHg; severe, 
PaO2 <60 mmHg or A‑aDO2 ≥45 mmHg (15,16). PaO2 was 
measured directly by blood gas analysis of arterial blood and 
A‑aDO2 was calculated via the following formula: A‑aDO2= 
FiO2x713 ‑ PaCO2/R ‑ PaO2; where FiO2=fraction of inspira-
tion oxygen, PaCO2 = partial arterial carbon dioxide pressure 
and R = respiratory quotient. The above parameters were 
obtained via blood gas analysis of arterial blood. In the present 
study, first‑line therapy was defined as the initial PCP treat-
ment administered and second‑line therapy was defined as 
the regimen administered following failed monotherapy with 
caspofungin or TMP/SMZ. Treatment failure was defined as 
the worsening of hypoxia or radiographical features 4 days 
after first‑line therapy (15). Positive response to PCP treat-
ment was defined as: i) Amelioration or resolution of baseline 
signs, symptoms and chest roentgenographic findings; and 
ii) decreased oxygen requirement following therapy (13,17).

Statistical analysis. Continuous variables were presented as 
the mean ± standard deviation if normally distributed. Skewed 
data were presented as the median and interquartile ranges. 
For small sample sizes, all continuous variables were analyzed 
using the non‑parametric Mann‑Whitney U test. Categorical 
variables were expressed as percentages and compared using 
Fisher's exact test. All statistical analyses were performed 
using the SPSS statistical software (version 20; IBM, Inc., 
Armonk, NY, USA). P<0.05 was considered to indicate a 
statistically significant difference.

Results

Patient characteristics. In the present study, 65 patients with 
suspected PCP were assessed by PCR and/or Grocott's methe-
namine silver staining of BALF, trachea aspirate or sputum 
samples. Among them, 51 subjects were excluded; therefore, 
14 non‑HIV positive patients with severe PCP were included 
in the present study (Fig. 3). Included patients had a mean age 
of 58.79±14.41 years and the proportion of male patients was 
28.57% (4/14). The most common underlying conditions were 
autoimmune diseases (35.71%, 5/14), hematological diseases 
(21.43%, 3/14) and solid tumors (14.29%, 2/14). All patients 
had existing immunosuppressive conditions in the 3 months 
preceding PCP onset and the majority received medication 
with corticosteroids and/or immunosuppressants (71.43%, 
10/14; Table  I). The patients were divided into 2  groups. 
One group consisted of 9 patients that received caspofungin 
and TMP/SMZ as a first‑line therapy. The other group 
consisted of 5 patients that received the same treatment as 
a second‑line therapy. There were no significant differences 
in age, sex, underlying diseases and immunosuppressive 
conditions, between the first‑line and second‑line therapy 

Figure 2. Agarose gel electrophoresis indicating typical polymerase chain 
reaction amplification findings of the mitochondrial large subunit ribosomal 
RNA gene of Pneumocystis jirovecii.

Figure 1. Cysts of Pneumocystis jirovecii grown from bronchoalveolar lavage 
fluid (indicated by black arrows) (Grocott's methenamine silver staining; MS 
and eosin, magnification, x1,000).
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groups, indicating that the baseline characteristics of the two 
groups were similar.

Clinical manifestations and assisted examination. The 
clinical symptoms of PCP on admission included fever 
(100.00%, 14/14), dyspnea (92.86%, 13/14) and cough 
(64.29%, 9/14). All patients underwent chest CT scans; the 
most common finding was bilateral diffuse ground glass 
opacity (GGO; 100.00%, 14/14), followed by bilateral 
predominant consolidation (28.57%, 4/14; Table  II). All 
patients experienced acute respiratory failure (ARF), with 
64.29% (9/14) requiring invasive mechanical ventilation 
(Table  III). PaO2/FiO2 values and APACHE II scores on 
the day of ARF were 146.56±63.51 mmHg and 16.64±5.42, 
respectively (Table II). A total of 5 patients had co‑infections, 

including bacterial pneumonia (21.43%, 3/14), bacteremia 
(7.14%, 1/14) and spontaneous ascitic fluid infection (7.14%, 
1/14), and 1 patient experienced bacterial pneumonia and 
pulmonary aspergillosis simultaneously (7.14%, 1/14; 
Table II). These parameters, including clinical symptoms and 
assisted examination date, as well as the co‑infections and 
illness severity indices including PaO2/FiO2 and APACHE II 
scores, were similar between the first‑line and second‑line 
therapy groups (all P>0.05; Table II).

PCP treatment and outcomes. No patients underwent 
prophylactic treatment prior to PCP onset, or received 
sulfa or caspofungin for other diseases prior to the 
initiation of PCP treatment. All patients were treated with 
adjunctive corticosteroids. In the present study, patients 
received 70 mg caspofungin intravenously on the first day. 
Caspofungin was subsequently administered at a dose of 
50 mg/day. TMP/SMZ was orally administered at a mean 
dose of 14.71±2.39 mg/kg/day. The duration of treatment 
with caspofungin and TMP/SMZ was 21.88±6.53 days, in the 
first‑line therapy group; whereas the duration of treatment 
with caspofungin was 13.00±5.65 days and with TMP/SMZ 
was 16.00±5.66 days in the first‑line therapy group. The time 
from symptom onset to PCP treatment was 12.64±8.79 days, 
with no statistically significant difference between the two 
groups (11.89±8.55 vs. 14.00±10.07  days; P=0.797). The 
first‑line therapy group received caspofungin with TMP/SMZ 
8 days earlier than the second‑line therapy group (11.89±8.55 
vs. 20.20±10.07; P=0.190). The duration of PCP treatment and 
length of hospital stay were 20.70±6.55 and 34.90±15.55 days, 
respectively. These did not differ significantly between 
the two treatment groups (Table  III). The overall positive 
response rate to PCP treatment was 71.43% (10/14) and was 

Table I. Baseline characteristics of the subjects.

Variables	 Total (n=14)	 First‑linec (n=9)	 Second‑linec (n=5)	 P‑value

Age, mean ± SD	 58.79±14.41	 57.67±13.46	 60.80±17.46	 0.606
Male, n (%)	 4 (28.57)	 3 (33.33)	 1 (20.00)	 1.000
Underlying diseases (n, %)
  Autoimmune diseases	 5 (35.71)	 2 (22.22)	 3 (60.00)	 0.940
  Hematological diseases	 3 (21.43)	 2 (22.22)	 1 (20.00)
  Chronic kidney diseases	 2 (14.29)	 1 (11.11)	 1 (20.0)
  Solid tumor	 2 (14.29)	 2 (22.22)	 0 (0)
  Solid tumora	 1 (7.14)	 1 (11.11)	 0 (0)
  Diabetes mellitus	 1 (7.14)	 1 (11.11)	 0 (0)
Immunosuppressions (n, %)
  Corticosteriod 	 6 (42.86)	 4 (44.44)	 2 (40.01)	 0.409
  Immunosuppressantsb	 4 (28.57)	 1 (11.11)	 3 (60.01)
  Chemotherapy	 1 (7.14)	 1 (11.11)	 0 (0)
  Chemoradiotherapy	 2 (14.29)	 2 (22.22)	 0 (0)
  Radiotherapy and corticosteriod 	 1 (7.14)	 1 (11.11)	 0 (0)

aPatients with concomitant autoimmune diseases and solid tumor; bpatients receiving immunosuppressants and corticosteriod simultaneously; 
cpatients receiving caspofungin and TMP/SMZ as first‑line therapy or as second‑line therapy. SD, standard deviation; TMP/SMZ,  trim-
ethoprim/sulfamethoxazole.

Figure 3. Flowchart of recruited patients.
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88.89% (8/9) and 40.00% (2/5) in the first‑line and second‑line 
therapy groups, respectively (P=0.095). Similarly, all‑cause 
in‑hospital mortality in the present study was 42.86% (6/14), 
with 33.33% (3/9) and 60.00% (3/5) in the first‑line and 
second‑line therapy groups, respectively (P=0.580; Table III). 
The efficacies of both combination treatments in patients 
requiring invasive mechanical ventilation were further 
analyzed. A total of 9 patients (9/14, 64.29%) were supported 
by mechanical ventilation, including 6 (66.67%, 6/9) and 3 
(60.00%, 3/5) that received caspofungin with TMP/SMZ 
as first‑line and second‑line therapies, respectively. In this 
sub‑population, the positive response rate to caspofungin 
with TMP/SMZ as a first‑line therapy was significantly higher 
than that of the group receiving it as a second‑line therapy 
(83.33 vs. 0%; P=0.048). All‑cause mortality in patients 
that received caspofungin with TMP/SMZ as a first‑line 
therapy was half that of the second‑line therapy group, 
although this difference was not significant (50 vs. 100%; 
P=0.464; Table III).

Analysis including previously reported cases. To further explore 
the role of the aforementioned treatment as a first‑line therapy, 
13 non‑HIV positive patients with severe PCP treated with 
the combination of caspofungin and TMP/SMZ were selected 
from previously reported cases  (8,9,11‑13). Among them, 
3 patients received caspofungin and TMP/SMZ as a first‑line 

therapy (8,9,12) and the remaining 10 received it as a second‑line 
therapy (8,9,11,13). There were 27 patients recruited from the 
present study and previous reports (8,9,11‑13); patient charac-
teristics and treatment outcomes are summarized in Table IV. 
The 27  patients had a mean age of 52.28±19.11  years and 
included (15/27) 55.56% males. The primary underlying condi-
tions observed in patients were solid organ transplants (37.04%, 
10/27), hematological diseases (22.22%, 6/27) and autoimmune 
diseases (18.52%, 5/27). A total of 16 patients (59.26%) had 
co‑infections, including 5 with bacterial pneumonia (18.52%, 
5/27), 3 with viral pneumonia (11.11%, 3/27) and 6 with extra-
pulmonary infection (22.22%, 6/27). The duration of PCP 
treatment was 19.88±7.08 days; the overall positive response 
rates to the PCP treatment and all‑cause in‑hospital mortality 
rates were 70.37% (19/27) and 37.04% (10/27), respectively. 
Age, sex, underlying diseases, co‑infections and treatment 
course were similar between the two groups. However, the 
positive response rate to PCP treatment was significantly 
higher in patients treated with combined caspofungin and 
TMP/SMZ as a first‑line therapy than in those administered 
the same treatment as a second‑line therapy (91.67 vs. 53.33%; 
P=0.043). Although no significant differences were identified, 
the combined treatment as a first‑line therapy reduced the 
all‑course mortality rate to a greater extent than when it was 
used as a second‑line therapy (25.00 vs. 46.67%, respectively; 
P=0.424; Table IV).

Table II. Clinical manifestations and auxiliary examination of patients.

Variables	 Total (n=14)	 First‑linea (n=9)	 Second‑linea (n=5)	 P‑value

Symptom (n, %)
  Fever	 14 (100.00)	 6 (100.00)	 4 (100.00)	 1.000
  Cough	 9 (64.29)	 6 (66.67)	 3 (60.00)	 1.000
  Dyspnea	 13 (92.86)	 9 (100.00)	 4 (80.00)	 0.357
Severity on the day of ARF
  PaO2/FiO2	 146.56±63.51	 149.59±75.05	 141.11±42.25	 0.797
  APACHE II score	 16.64±5.42	 15.78±4.82	 18.20±6.65	 0.438
Laboratory results
  White blood cell count, cells/ml	 7.04±2.67	 7.53±2.74	 6.16±2.56	 0.518
  Lymphocyte counts, cells/ml, median counts, IQR	 0.56 (0.36‑0.67)	 0.59 (0.33‑0.89)	 0.53 (0.34‑0.70)	 1.000
  Lactate dehydrogenase, U/l	 593.47±212.88	 626.10±234.86	 534.74±173.95	 0.699
  Serum β‑1,3‑glucanb, pg/ml (n=11)	 513.06±289.65	 472.06±281.41	 584.83±332.39	 0.412
Radiographic findings (n, %)
  Bilateral GGOs	 14 (100.00)	 9 (100.00)	 5 (100.00)	 1.000
  Consolidation	 4 (28.57)	 3 (33.33)	 1 (20.00)	 1.000
Co‑infections (n, %)
  Bacterial pneumonia	 3 (21.43)	 2 (22.22)	 1 (20.00)	 0.895
  Pulmonary aspergillosisc	 1 (7.14)	 1 (11.11)	 0 (0)
  Bacteremia	 1 (7.14)	 1 (11.11)	 0 (0)
  Spontaneous ascitic fluid infection 	 1 (7.14)	 0 (0)	 1 (20.00)

aPatients receiving caspofungin and TMP/SMZ as first‑ or second‑line therapy; bβ‑1,3‑glucan levels of three patients were not measured; 
cpatient experienced bacterial pneumonia and pulmonary aspergillosis simultaneously. IQR, interquartile range; GGO, ground glass opacitie; 
ARF, acute respiratory failure; APACHE II, acute physiology and chronic health evaluation; TMP/SMZ, trimethoprim/sulfamethoxazole; ICU, 
intensive care unit.
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Discussion

The present study demonstrated that all‑cause in‑hospital 
mortality in non‑HIV positive patients with severe PCP 

treated with combined caspofungin and TMP/SMZ was 
37.04%. In the group of patients receiving caspofungin and 
TMP/SMZ as a first‑line therapy, the in‑hospital mortality 
rate was lower than in the second‑line treatment group 

Table IV. Clinical characteristics and outcomes of pooled cases.

Variables	 Total (n=27)	 First‑linea (n=12)	 Second‑linea (n=15)	 P‑value

Age, mean ± SD	 52.28±19.11	 52.08±19.22	 52.43±20.76	 0.905
Male, n (%)	 15 (55.56)	 5(41.67)	 10 (66.67)	 0.258
Underlying diseases, n (%)
  Solid organ transplant	 10 (37.04)	 2 (16.7)	 8 (53.33)	 0.245
  Hematological diseases 	 6 (22.22)	 3 (25.0)	 3 (20.00)
  Autoimmune diseases	 5 (18.52)	 2 (16.67)	 3 (20.00)
  Solid tumor	 2 (7.41)	 2 (16.67)	 0 (0)
  Solid tumorb	 1 (3.70)	 1 (8.33)	 0 (0)
  Chronic kidney diseases 	 2 (7.41)	 1 (8.33)	 1 (6.7)
  diabetes mellitus	 1 (3.70)	 1 (8.33)	 0 (0)
Co‑infections, n (%)				    0.502
  Bacterial pneumonia	 5 (18.52)	 3 (25.00)	 2 (13.33)
  Viral pneumoniac	 3 (11.11)	 0 (0)	 3 (20.0)
  Pulmonary nocardiosis 	 1 (3.70)	 0 (0)	 1 (6.67)
  Pulmonary aspergillosisc	 1 (3.70)	 1 (8.33)	 0 (0)
  Extrapulmonary infection	 6 (22.22)	 3 (25.00)	 3 (20.00)
  Treatment duration, d	 19.88±7.08	 19.00±7.89	 20.86±6.42	 0.606
Positive response rate, n (%)	 19 (70.37)	 11 (91.67)	 8 (53.33)	 0.043
The all‑cause hospital mortality, n (%)	 10 (37.04)	 3 (25.00)	 7 (46.67)	 0.424

aPatients receiving caspofungin and TMP/SMZ as first‑ or as second‑line therapy; bpatients with concomitant autoimmune diseases and solid 
tumor; cco‑infected with bacterial pneumonia. P<0.05 indicated a significant difference. SD, standard deviation; TMP/SMZ, trimethoprim/sulfa-
methoxazole.

Table III. PCP treatment and patient outcomes.

Variables	 Total (n=14)	 First‑linea (n=9) 	 Second‑linea (n=5)	 P‑value

Interval
  Symptom onset to admission	 9.86±6.67	 8.33±5.81	 12.60±7.89	 0.379
  Admission to PCP treatment, median days (IQR)	 0 (0‑7.00)	 0 (0‑8.00)	 0 (0‑3.50)	 0.350
  Symptom onset to PCP treatment (d)	 12.64±8.79	 11.89±8.55	 14.00±10.07	 0.797
  Symptom onset to combination treatment (d)	 14.86±10.00	 11.89±8.55	 20.20±10.07	 0.190
Dose of TMP/SMZb, mg/kg/day	 14.71±2.39	 15.05±2.21	 14.10±2.85	 0.518
Treatment duration, d (n=8)	 20.70±6.55	 21.88±6.53	 16.00±5.66	 0.400
Admission to ICU, n (%)	 9 (64.29)	 6 (66.67)	 3 (60.00)	 1.000
Length of hospital stay (d) (n=8)	 34.90±15.55	 36.00±17.44	 30.50±0.71	 0.711
Positive response rate, n (%)	 10 (71.43)	 8 (88.89)	 2 (40.00)	 0.095
All‑cause hospital mortality, n (%)	 6 (42.86)	 3 (33.33)	 3 (60.00)	 0.580
Invasive mechanical ventilation, n (%)	 9 (64.29)	 6 (66.67)	 3 (60.00)	 1.000
Positive response rate, n (%)	 5 (55.56)	 5 (83.33)	 0 (0)	 0.048
All‑cause hospital mortality, n (%)	 6 (66.67)	 3 (50.00)	 3 (100.0)	 0.464

aPatients receiving caspofungin and TMP/SMZ as first‑ or second‑line therapy; bdose of TMP/SMZ was based on TMP; IQR, interquartile 
range; TMP/SMZ, trimethoprim/sulfamethoxazole; PCP, pneumocystis pneumonia; ICU, intensive care unit.
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(25.00 vs. 46.67%). In previous studies, the mortality rate 
of non‑HIV positive patients with severe PCP administered 
TMP/SMZ as a first‑line therapy was 62‑84.2% (4,5,18,19). 
The results of the present study suggest that caspofungin and 
TMP/SMZ exhibit synergistic effects in severe PCP, in accor-
dance with the results of a previous study (10). The associated 
synergistic mechanisms may be as follows: Caspofungin may 
affect cyst formation by inhibiting β‑glucan synthesis, whilst 
only exhibiting weak effects on trophic forms (6); similarly, 
TMP/SMZ may only affect trophic forms by interfering 
with folate metabolism (8,9). Therefore, caspofungin and 
TMP/SMZ used in combination may inhibit the entire life 
cycle of Pneumocystis jirovecii. Alternatively, caspofungin 
may decrease β‑glucan induced excessive inflammatory 
responses by inhibiting β‑glucan synthesis (20), thus allevi-
ating PCP. Finally, TMP/SMZ acts slowly, requiring 5‑8 days 
to induce a curative effect (1), whereas caspofungin has a 
rapid onset, therefore it may be inferred that combinational 
treatment with TMP/SMZ and caspofungin may compensate 
the TMP/SMZ deficiency that occurs in patients receiving 
delayed PCP treatment. Although the results of the present 
study and those of a previous in vivo experiment (10) suggest 
that combination treatment with caspofungin and TMP/SMZ 
may be a promising strategy of treating severe PCP in 
patients without HIV, few studies have directly assessed the 
effects of this combination treatment on severe PCP among 
non‑HIV patients compared with TMP/SMZ monotherapy; 
thus further prospective studies are required to confirm these 
results.

To the best of our knowledge, the present retrospective 
cohort study is the first to determine the efficacy of combi-
nation treatment with caspofungin and TMP/SMZ as a 
first‑line therapy compared with as a second‑line therapy to 
treat non‑HIV positive patients with severe PCP. The positive 
response rate of the combination strategy increased from 40 
when used as a second‑line therapy to 88.9% when used as a 
first‑line therapy. Additionally, all‑course mortality rates from 
patients receiving combination therapy decreased by ~50% 
when it was used as a first‑line therapy compared with when it 
was used as a second‑line therapy (33.33% vs. 60.00, respec-
tively). The improvements in positive responses and all‑course 
mortality rates were unrelated to factors that are regularly 
attributed to the prognosis of PCP (21‑25), as many were similar 
between the two groups. These included: Immunosuppressive 
conditions, lymphocyte count, radiological manifestations, 
the need for invasive mechanical ventilation and transfer 
to the intensive care unit, PaO2/FiO2, APACE II score, and 
co‑infection.

Despite improvements in the positive response and 
all‑cause mortality rates when the combined treatment was 
administered to patients as a first‑line treatment as opposed 
to second‑line therapy, no significant differences were identi-
fied. This may be due to the small number of patients included 
in the present study. Combined with data from previous 
studies (8,9,11‑13), the total sample size was increased to 27. 
The results of these pooled cases indicated that administra-
tion of caspofungin and TMP/SMZ combination treatment as 
first‑line therapy significantly increased the positive response 
rate of patients from 53.33% in the second‑line therapy group 
to 91.67% in the first‑line therapy group.

The lack of a significant difference between the positive 
response and all‑cause hospital mortality rates may be due to 
the variation in PCP progression among patients. Significantly 
higher positive response rates following treatment with 
caspofungin and TMP/SMZ as a first‑line therapy were only 
observed in patients requiring invasive mechanical ventilation, 
who experienced clinical aggravation. Correspondingly, no 
patients that required invasive mechanical ventilation support 
in the second‑line therapy group survived following treatment 
administration of the combined treatment, whereas 50% of 
patients in the first‑line therapy group survived. These results 
indicate that it is necessary for patients requiring mechanical 
ventilation to receive caspofungin with TMP/SMZ as a 
first‑line therapy; the combined therapeutic strategy may also 
be more effective in patients with severe PCP if administered 
as early as possible.

Finally, the mean duration from symptom onset to PCP 
treatment in the first‑line therapy group included in the 
present study was 11.89 days, which may explain the lack of 
an identifiable significant difference in the positive response 
and all‑cause hospital mortality rates between the two 
groups. This is important, as the time from symptom onset 
to diagnosis and treatment is a major risk factor for PCP 
mortality (1). Several factors may have contributed to this 
delay in treatment. PCP progression in non‑HIV patients is 
relatively fast and peaks 3‑6 days following onset, depending 
on disease severity  (1). This may explain the average 
8.33‑day delay from symptom onset to hospital admission 
in the first‑line therapy group observed in the present study, 
which may have been detrimental to the patients. The time 
period between hospital admission and PCP treatment may 
have also contributed to the delay in first‑line therapy admin-
istration. The time between admission and PCP treatment in 
the first‑line group included in the present study ranged from 
0‑8 days. Initiating PCP therapy within 7 days following 
symptom onset is important as intubation and mechanical 
ventilation may be avoided if treatment is prompt (1). Thus, 
PCP therapy initiation may have been too late for the non‑HIV 
positive patients with severe PCP included in the present 
study. Taken together, the results indicate that combined 
treatment with caspofungin and TMP/SMZ as a first‑line 
therapy may achieve better outcomes if it is administered to 
patients as soon as possible.

The present study had several limitations. Firstly, a positive 
PCR of P. jirovecii was an important diagnosis criterion for 
PCP in the present study, whereas it may also reflect a coloni-
zation of P. jirovecii. However, the included patients with PCP 
in our study had simultaneously relevant pulmonary symptoms 
and compatible radiologic findings besides microbiological 
confirmation by positive PCR and/or GMS results. Therefore, 
possibility that the included patients had only a colonization of 
P. jirovecii, without infection, was excluded. Furthermore, due 
to a small sample size, the present study may not have been 
able to accurately identify differences between the two treat-
ment groups. To overcome these limitations and obtain more 
evidence, larger prospective randomized trials are necessary.

In conclusion, the clinical efficacy of caspofungin 
combined with TMP/SMZ as a first‑line therapy is superior 
to its use as a second‑line therapy to treat non‑HIV positive 
patients with severe PCP, particularly in those requiring 
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invasive mechanical ventilation. Therefore, the combination 
of caspofungin and TMP/SMZ as a first‑line therapy may 
be a promising treatment strategy to treat non‑HIV positive 
patients with severe PCP.
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