© 2020 The Authors. DOI: 10.1111/hiv.13013
HIV Medicine published by John Wiley & Sons Ltd on behalf of British HIV Association HIV Medicine (2021), 22, 307—313

ORIGINAL RESEARCH

Caspofungin combined with TMP/SMZ as a first-line
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Objectives

The effectiveness of trimethoprim/sulfamethoxazole (TMP/SMZ) for pneumocystis pneumonia (PCP)
is limited with adverse events. Caspofungin, by inhibiting the cyst form of Pneumocystis jirovecii,
may be an alternative therapy for PCP. However, the availability of clinical data about
caspofungin combined with TMP/SMZ in the treatment of PCP in HIV-infected patients is limited.
Thus, we aimed to examine the clinical effectiveness and safety of caspofungin combined with
TMP/SMZ as a first-line therapy for moderate-to-severe PCP in HIV-infected patients.

Methods

From January 2017 to December 2019, data of HIV-infected patients with moderate-to-severe PCP
who received either TMP/SMZ alone or caspofungin combined with TMP/SMZ as first-line therapy
were retrospectively reviewed to assess the effectiveness and safety of each regimen. The Kaplan—
Meier curve and log-rank test were used for survival analysis.

Results

A total of 278 patients met the criteria. The overall positive response rate of PCP treatment was
48.92%, and the overall all-cause in-hospital mortality rate was 33.09%. Patients who received
combination therapy consisting of caspofungin and TMP/SMZ had a better positive response rate
(59.44% vs. 37.78%, P < 0.001) and lower all-cause in-hospital mortality rate (24.48% vs. 42.22%,
P = 0.003). Also, patients who received combination therapy had higher survival rate during a
hospital stay (75.52% vs. 57.78%, P = 0.004), and those who received longer combination therapy
were more likely to have higher survival rate (P = 0.042). We found that age (P = 0.019), CD4 cell
count (P = 0.001) and therapeutic regimen (P = 0.002) were significant risk factors for all-cause
in-hospital mortality rate in univariate analysis. In multivariate analysis, only CD4 cell count and
therapeutic regimen were statistically significant factors associated with all-cause in-hospital
mortality rate. Patients with a CD4 count of > 30 cells/uL and patients who received combination
therapy consisting of caspofungin and TMP/SMZ were more likely to survive from PCP (P = 0.011
and P = 0.002, respectively). There were no additional severe adverse events caused by adding
caspofungin.

Conclusions

For HIV-infected patients with moderate-to-severe PCP, combination therapy with caspofungin and
TMP/SMZ is an effective and promising first-line therapy with no greater number of adverse
events compared with TMP/SMZ monotherapy. Patients who received caspofungin had better
positive response rates and lower all-cause in-hospital mortality rates. Also, we recommend early
initiation of caspofungin.
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Introduction

Pneumocystis pneumonia (PCP) is an acute and poten-
tially life-threatening pulmonary infection that occurs
among HIV-infected patients with a low CD4 cell count
[1]. Owing to the widespread use of antiretroviral therapy
(ART), the incidence of PCP has decreased. However, it is
still a major HIV-related opportunistic infection, particu-
larly in patients who are not aware of their HIV infection
and present with late-stage disease [2].

Trimethoprim/sulfamethoxazole (TMP/SMZ) has been
recommended as the first-line treatment for all forms of
PCP and this has remained unchanged for many years [3].
Despite this therapy, the mortality rate in HIV-infected
patients diagnosed with PCP remains high. The overall
mortality rate of patients with PCP is c. 50%, and it is even
higher in patients with severe PCP [4,5]. Therefore, treat-
ment of HIV-infected patients with severe PCP remains
challenging and alternative treatments that can improve
the outcomes of PCP infection are eagerly required.

Caspofungin is an antifungal agent that inhibits the
synthesis of B-1,3-glucan in the cell wall [6]. It is likely
to be effective at treating PCP, because fB-1,3-glucan is
an important component of the cyst cell wall in Preumo-
cystis jirovecii [7]. In a mouse model, caspofungin treat-
ment was effective in Pneumocystis jirovecii clearance,
and reduced the cyst burden in lung tissue, which led to
better survival in HIV-infected mice [8-10]. Previous
studies reported that caspofungin combined with TMP/
SMZ could possibly have an additive treatment effect on
PCP, and this combination regimen was found to be
favourable as a first-line or salvage therapy for PCP [11].
However, the availability of clinical data on caspofungin
combined with TMP/SMZ in the treatment of PCP in
HIV-infected patients is limited. It remains unclear
whether combination treatment of caspofungin and TMP/
SMZ is more effective than TMP/SMZ alone [12,13].

Therefore, in this retrospective study, we aimed to
examine the clinical effectiveness and safety of caspo-
fungin combined with TMP/SMZ as a first-line therapy
for moderate-to-severe PCP in HIV-infected patients.

Methods
Patient population

We retrospectively reviewed the medical records of newly
diagnosed adult patients with both HIV infection and mod-
erate-to-severe PCP in our institute between January 2017
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and December 2019. Patients were excluded if: (1) patients
received prophylactic treatment for PCP; (2) patients had
CD4 T lymphocyte count > 200 cells/uL; (3) patients were
allergic or intolerant to related agents for PCP treatment; or
(4) patients had a history of drug abuse. Our primary end-
point was all-cause in-hospital mortality rate, secondary
endpoint was overall positive response rate. The study was
approved by the ethics committee (2019-003-02-KY).

Diagnosis and treatment of PCP

The definite diagnosis of PCP was based on aetiology
diagnosis, finding cyst or trophozoite of Pneumocystis jir-
ovecii in respiratory specimens or lung tissue. Also, HIV-
infected patients with typical clinical symptoms such as
fever, cough and dyspnoea, accompanied by chest imag-
ing consistent with interstitial pneumonitis were diag-
nosed with PCP clinically. The severity of PCP was
classified into mild and moderate-to-severe by partial
arterial oxygen pressure (Pa0O, while breathing room air
or the alveolar-arterial oxygen difference (AaDO,) [3]. In
this study, we only included HIV-infected patients with
Pa0, < 70 mmHg or AaDO, > 35 mmHg as having mod-
erate-to-severe PCP.

Patients were divided into four groups according to
their therapeutic regimens (Fig. 1). In group 1, patients
received standard first-line therapy of PCP, which con-
sisted of TMP/SMZ at a daily dose of 15-20 mg/kg of
TMP and 75-100 mg/kg of SMZ for 3 weeks. Patients in

Week 1 Week 2 Week 3
Group 1
Group 2
Group 3
Group 4
TMP/SMz D@y Dose of 15-20 mg/kg-d

TMP, 75-100 mg/kg-d SMZ

50 mg/d, 70mg on day 1

Fig. 1 Therapeutic regimens of HIV-infected patients diagnosed with
moderate-to-severe pneumocystis pneumonia  (PCP). TMP/SMZ,
trimethoprim/sulfamethoxazole.
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group 2 received caspofungin intravenously after 2 weeks
standard therapy at a dose of 50 mg caspofungin daily
with a 70 mg loading dose on day 1 for 1 week. In group
3, patients received caspofungin intravenously after
1 week standard therapy for 2 weeks, and in group 4,
patients started caspofungin at the same time as TMP/
SMZ for the whole 3 weeks. All patient received caspo-
fungin reached a dose of 50 mg/day with a 70 mg load-
ing dose on day 1. Adjunctive corticosteroids and ART
were provided according to the current guidelines. The
decisions on when to initiate caspofungin were at the dis-
cretion of at least two physicians and were discussed with
patients. The primary outcome of the study was all-cause
in-hospital mortality rate. Positive response was defined
as fewer clinical symptoms, better PaO, and resolution of
pneumonitis on chest imaging after treatment.

Statistical analysis

We used descriptive statistics to present patients’ baseline
characteristics in each group. Categorical variables were
compared using y* test and continuous variables using -
test. Multivariate logistic regression analyses were per-
formed. The Kaplan—-Meier curve and log-rank test were
used for survival analysis. Two-tailed P-values were
adopted, and P < 0.05 was considered significant. All sta-
tistical analyses were performed using SPSS statistical
software v.20.0 (IBM, Chicago, IL, USA).

Results
Baseline characteristics

A total of 278 patients met the criteria. Overall baseline
characteristics stratified by therapeutic regimens are

presented in Table 1. The median age of these patients
was 34 years old (range 19-65 years), and 83.45% of
them (n = 232) were male. At the diagnosis of moderate-
to-severe PCP, the median [interquartile range (IQR)] CD4
count was 30 (19-84) cells/uL, which was far below the
normal level. Most patients showed bilateral ground-glass
opacity on computed tomography scan (n = 236,
84.89%), and 24.82% of patients (n = 69) developed pleu-
ral effusion. Concurrent pulmonary infections when diag-
nosed with PCP were assessed. The total concurrent
pulmonary infection rate was 50.36% (n = 140), among
whom 15.83% (n = 44) had tuberculosis infection, 7.91%
(n = 22) had fungal infection and 32.01% (n = 89) had
another kind of infection. Moreover, 19 patients had mul-
tiple infections. The median (IWR) time from symptom
onset to PCP treatment was 7 (3—14) days.

Outcomes in all patients

In the study, 48.20% of patients (n = 134) received
mechanical ventilation. The median (IQR) time of hospi-
tal stay was 30 (21-34) days. The overall positive
response rate of PCP treatment was 48.92% (n = 136),
and the overall all-cause in-hospital mortality rate was
33.09% (n = 92). Patients who received caspofungin (pa-
tients in groups 2, 3 and 4) had a better positive
response rate (59.44%, n = 143 ws. 37.78%, n = 135;
P < 0.001) and lower all-cause in-hospital mortality rate
(24.48%, n = 143 wvs. 42.22%, n = 135; P = 0.003), dif-
ferences that were all statistically significant. Clinical
outcomes of the cohort at the end of PCP treatment are
shown in Table 2.

The Kaplan—-Meier curve indicated that patients who
received caspofungin (patients in groups 2, 3 and 4) had
higher survival rates during hospital stay (75.52%,

Table 1 Overall baseline characteristics in the cohort stratified by therapeutic regimen

All Group 1 Group 2 Group 3 Group 4 P-

Variables (n=278) (n=135) (n=39) (n=179) (n = 25) value
Male [n (%)] 232 (83.45) 115 (85.19) 31 (79.49) 64 (81.01) 22 (88.00) 0.693
Age (years) [median (IQR)] 34 (31-38) 34 (31-38) 34 (32-37) 35 (30-38) 33 (30-36) 0.873
CD4 count (cells/uL) [median (IQR)] 30 (19-84) 32 (19-84) 26 (15-98) 32 (17-66) 30 (25-46) 0.826
Radiographic findings

Bilateral GGOs [n (%)] 236 (84.89) 117 (86.67) 33 (84.62) 65 (82.28) 21 (84.00) 0.857

Pleural effusion [n (%)] 69 (24.82) 35 (25.93) 9 (23.08) 18 (22.78) 7 (28.00) 0.927

Use of corticosteroid [n (%)] 269 (96.76) 130 (96.30) 38 (97.44) 77 (97.47) 24 (96.00) 0.956
Concurrent pulmonary infections [n (%)]

Tuberculosis infection [n (%)] 44 (15.83) 23 (17.04) 6 (15.38) 11 (13.92) 4 (16.00) 0.946

Fungal infection [n (%)] 22 (7.91) 10 (7.41) 3(7.69) 7 (8.86) 2 (8.00) 0.986

Other infection [n (%)] 89 (32.01) 45 (33.33) 13 (33.33) 23 (29.11) 8 (32.00) 0.931

Multiple infection [n (%)] 19 (6.83) 10 (7.41) 3 (7.69) 4 (5.06) 2 (8.00) 0.906

Symptom onset to PCP treatment (days) [median 7 (3-14) 7 (3-14) 6 (3-13) 7 (3-15) 8 (4-13) 0.912

(1QR)]

IQR, interquartile range; GGO, ground-glass opacity; PCP, pneumocystis pneumonia.
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Table 2 Clinical outcomes of the cohort at the end of pneumocystis pneumonia (PCP) treatment

Variables All (n=278) Group 1 (n=135) Group2 (n=39) Group3 (n=79) Group 4 (n=25) Pvalue
Mechanical ventilation [n (%)] 134 (48.20) 68 (50.37) 19 (48.72) 36 (45.57) 11 (44.00) 0.884
Length of hospital stay (days) [median (IQR)] 30 (21-34) 28 (20-32) 29 (19-33) 30 (21-34) 30 (21-34) 0.833
Positive response rate [n (%)] 136 (48.92) 51 (37.78) 18 (46.15) 48 (60.76) 19 (76.00) < 0.001
All-cause in-hospital mortality [n (%)] 92 (33.09) 57 (42.22) 14 (35.90) 19 (24.05) 2 (8.00%) 0.001
100- were significant risk factors for all-cause in-hospital mor-
- 80 tality rate in univariate analysis (Table 3), whereas in mul-
s tivariate analysis, only CD4 cell count and therapeutic
% 60~ regimen were statistically significant factors associated
= 40 with all-cause in-hospital mortality rate (Table 3). Patients
g == TMP/SMZ with CD4 count > 30 cells/pL and those who received com-
& g9 = TMPISMZ+caspofungin bination therapy with caspofungin and TMP/SMZ were
8 P=0.004 more likely to survive PCP during hospital stay (P = 0.011
0 10 20 30 40 50 and P = 0.002, repectively).
Follow up time (days)
Number.at dsk Adverse events
TMPI/SMZ 135 129 102 66 14 3
TMP/SMZ+caspofungin 143 137 118 77 15 0

Fig. 2 Kaplan—Meier curve of all-cause in-hospital mortality accord-
ing to treatment with trimethoprim/sulfamethoxazole (TMP/SMZ)
monotherapy and combination therapy consisting of caspofungin
and TMP/SMZ during hospital stay.

n =143 vs. 57.78%, n = 135; P = 0.004) (Fig. 2), and
patients who received longer combination therapy with
caspofungin and TMP/SMZ were more likely to have
higher survival rates (P = 0.042) (Fig. 3). The survival
rates of patients in each group were 57.78%, 64.10%,
75.95% and 92.00% respectively.

Various factors were associated with all-cause in-hospi-
tal mortality rate. We found that age (P = 0.019), CD4 cell
count (P =0.001) and therapeutic regimen (P = 0.002)

100+

80+

60+

Percent survival

v T T T T 1
10 20 30 40 50
Follow up time (days)

Number at risk
Group1 135 129
Group2 39 36
Group3 79 7
Group4 25 25

102
28
67
24

66
19
42
16

oo ow

FEEL

All reported adverse events were recorded. In our study,
common adverse events of TMP/SMZ were gastrointesti-
nal upset (n = 175, 62.95%), hepatic and renal toxicity
(n = 94, 33.819%), rash (n = 28, 10.07%) and marrow sup-
pression (n = 14, 5.04%). There were no serious events
caused by caspofungin alone, and no patients discontin-
ued caspofungin due to clinical or laboratory adverse
events.

Discussion

To the best of our knowledge, this is currently the largest
study that has investigated the clinical effectiveness of
caspofungin as one of the first-line regimens for con-
firmed moderate-to-severe PCP in HIV-infected patients.
Our results demonstrated that the positive response rate

TMP/SMZ 3 weeks (Group 1)

TMP/SMZ 2 weeks - TMP/SMZ+caspofungin 1 week (Group 2)
TMP/SMZ 1 week - TMP/SMZ+caspofungin 2 weeks (Group 3)
TMP/SMZ+caspofungin 3 weeks (Group 4)

P=0.043

Fig. 3 Kaplan—Meier curve of all-cause in-hospital mortality according to treatment with a different kind of combination therapy consisting of
caspofungin and trimethoprim/sulfamethoxazole (TMP/SMZ) during hospital stay.

© 2020 The Authors.
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Table 3 Univariate and multivariable analysis of all-cause in-hospital mortality

All Survival Death Univariate Multivariate

Variables (n=1278) (n=186) % (n=92) % P-value OR (95% Cl), P-value
Age 0.019

< 35 years 172 124 66.67 48 52.17 Ref.

> 35 years 106 62 33.33 44 47.83 2.324 (0.978-5.652), 0.090
CD4 count 0.001

< 30 cells/uL 140 81 43.55 59 64.13 Ref.

> 30 cells/uL 138 105 56.45 33 35.87 0.472 (0.266-0.840), 0.011
Concurrent pulmonary infections 0.613

No 148 101 54.30 47 51.09

Yes 130 85 45.70 45 48.91
Therapeutic regimens 0.002

TMP/SMZ monotherapy (group 1) 135 78 41.94 57 61.96 Ref.

TMP/SMZ + caspofungin (groups 2, 3 and 4) 143 108 58.06 35 38.04 0.402 (0.225-0.715), 0.002

OR, odds ratio; Cl, confidence interval; TMP/SMZ, trimethoprim/sulfamethoxazole.

of patients who received caspofungin was 59.44%, which
was significantly higher than patients who received only
TMP/SMZ, and the all-cause in-hospital mortality rate
was 24.48% in patients who received combination ther-
apy, which was significantly lower than patients who
only received TMP/SMZ. Also, caspofungin had fewer
adverse events than TMP/SMZ.

Previous studies and case reports showed that caspo-
fungin was an alternative treatment or one of the sec-
ond-line regimens for HIV-infected patients with PCP
[14-17]. Huang et al. [14] found that echinocandin
therapy, such as caspofungin, was an alternative treat-
ment option in HIV-infected patients with PCP who
were unable to tolerate TMP/SMZ. Several case reports
showed that after clinical failure or allergy of first-line
TMP/SMZ, most patients had their prognosis improved
with second-line therapy, which was combined with
caspofungin and TMP/SMZ or other agents [15-17].
Moreover, studies focused on HIV-negative patients
with severe PCP showed that caspofungin combined
with TMP/SMZ was a promising and effective first-line
therapy [18,19]. Zhang et al. compared combined treat-
ment with caspofungin and TMP/SMZ as first-line ther-
apy with the same regimens as second-line therapy,
and found that 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). After combining with previ-
ously reported cases, the positive response rate was sig-
nificantly 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). Thus, we were interested in the
effectiveness and safety of caspofungin as one of the
first-line regimens for HIV-infected patients with mod-
erate-to-severe PCP, which has rarely been investigated.

© 2020 The Authors.

Similarly, we found that patients who received combi-
nation therapy consisting of caspofungin and TMP/SMZ
had better positive response rate and lower all-cause
in-hospital mortality rate, which were comparable to
findings of previous studies.

Thus, from our perspective, caspofungin can be used as
an alternative treatment for HIV-infected patients with
PCP when other second-line agents are unavailable, while
data remain too limited to support caspofungin alone as
first-line therapy for these patients. An advantage of
TMP/SMZ over caspofungin is its activity against bacte-
ria. Physicians should be alert to any concurrent bacterial
infections while treating patients with caspofungin alone.

According to previous data, about one-quarter of
patients cannot complete the full course of TMP/SMZ
because of treatment failure or severe adverse events such
as marrow suppression, hepatic and renal toxicity, gas-
trointestinal upset and so on [2,20]. In our study, we did
not include patients who were allergic or intolerant to
TMP/SMZ. The decisions on when to initiate caspofungin
were at the discretion of at least two physicians and were
discussed with patients themselves. The primary factor
associated with different choices was economic condition,
because caspofungin was expensive.

Moreover, we found that age, CD4 cell count and ther-
apeutic regimen were significant risk factors for all-cause
in-hospital mortality rate. In multivariate analysis, CD4
cell count and therapeutic regimen remained statistically
significant. Jin et al. [19] showed that low lymphocyte
counts, high serum lactate dehydrogenase levels at the
time of diagnosis of PCP and progression to shock were
significant risk factors for death.

There are several limitations to our study. First, this
was a retrospective study. However, this was a relatively
large dataset with uniform inclusive and exclusive
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criteria. Second, there was selection bias in patients with
TMP/SMZ failure after adding caspofungin. For these
patients, the effectiveness of caspofungin could cover up
the evidence of TMP/SMZ failure. Caspofungin was no
longer one of the first-line therapies; in fact, it was a sec-
ond-line therapy after treatment failure with TMP/SMZ.
Third, we did not examine the drug resistance of PCP.
Fourth, there was no fixed schedule of adjunctive corti-
costeroids, such as dose and duration. Thus, it was diffi-
cult to eliminate the effect of corticosteroids.

In conclusion, for HIV-infected patients with moderate-
to-severe PCP, combination therapy with caspofungin and
TMP/SMZ is an effective and promising first-line treat-
ment, with no greater number of adverse events than are
seen with TMP/SMZ monotherapy. Patients who received
caspofungin had a better positive response rate and a lower
all-cause in-hospital mortality rate. Moreover, we recom-
mend early initiation of caspofungin. Further assessment is
needed to confirm the results of our study.
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