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2Charité – Universitätsmedizin Berlin, Klinik für Viszeral- und
Transplantationsmedizin, Berlin, Germany, 3Herz- und
Diabeteszentrum Nordrhein-Westfalen, Ruhr-Universität
Bochum, Klinik für Thorax- und Kardiovaskularchirurgie, Bad
Oeynhausen, Germany, 4Zhejiang University, Zhejiang, China,
5Beijing Chao-Yang Hospital, Beijing, China, 6Hospital of Sun-
Yat Sen University, Guangzhou, China, 7Ospedale Civile di
Padova, Padova, Italy, 8Department of Surgery, Division of
General Surgery and Organ Transplantation, Catholic
University, Rome, Italy, 9Department of Outcomes Research,
MSD Sharp & Dohme GmbH, Haar, Germany, 10University of
Medicine and Dentistry of New Jersey, Somerset, New
Jersey, USA, 11Outcomes Research, Merck & Co. Inc.,
Whitehouse Station, New Jersey, USA, 12Merck Sharp &
Dohme Italia S.p.A., Rome, Italy

M.W|nkler, J. Pratschke, U. Schulz, S. Zheng, M. Zhang,W. Li, M. Lu,
D. Sgarabotto, G. Sganga, P. Kaskel, S. Chandwani, L. Ma, J. Petrovic,
M. Shivaprakash. Caspofungin for post solid organ transplant invasive
fungal disease: results of a retrospective observational study.
Transpl Infect Dis 2010: 12: 230^237. All rights reserved

Abstract: Objective.This study was designed to determine clinical
outcomes with caspofungin in patients with proven or probable
invasive fungal infection (IFI) after a solid organ transplant (SOT)
procedure.
Methods. In this retrospective observational study, data were collected
for a single episode of IFI in patients with an SOT between January
2004 and June 2007. Response was determined by the investigator as
favorable (complete or partial) or unfavorable (stable disease or failure)
at the end of caspofungin therapy (EOCT).The primary e¡ectiveness
population was the proportion of patients who received � 5 doses of
caspofungin (modi¢ed all-patients-treated population). Safety was
assessed for patients who received � 1 dose of caspofungin.
Results. A total 81 of patients from 13 sites in China, Germany, Italy, and
the United Kingdom were enrolled, including 49 (60%) liver, 22 (27%)
heart, 5 (6%) lung, 2 (2%) kidney, 2 (2%) liver and kidney, and 1 (1%)
pancreas and kidney recipients. Candidiasis was diagnosed in 64/81
patients (79%) and aspergillosis in 22/81 patients (27%). Most patients
received caspofungin monotherapy (75%). Caspofungin was given as
¢rst-line therapy to 59 (73%) patients.The overall favorable response at
EOCTwas 87% (58/67; 95% con¢dence interval [CI]: 76%, 94%), with
favorable responses in 88% (43/49; 95% CI: 75%, 95%) of patients
receiving caspofungin monotherapy and 83% (15/18; 95% CI: 59%,
96%) of patients receiving combination therapy with caspofungin
(modi¢ed all-patients-treated population). Response by type of SOT
was as follows: liver 87% (39/45), heart 93% (14/15), kidney100% (5/5),
and lung 50% (2/4). An overall survival rate (all-patients-treated) of
69% (56/81; 95% CI: 59%, 79%) was observed at 7 days post EOCT. No
serious drug-related adverse events were reported.
Conclusion. In this study, caspofungin was e¡ective and well tolerated
in the treatment of IFIs involving SOT recipients.
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Fungal infections are a common cause of morbidity and
mortality in solid organ transplant (SOT) recipients. The
reported incidence of fungal infections ranges from 4^42%
in liver transplant recipients (1) and from 15^35% in
lung transplant recipients (2). Candida species are the

most common pathogens, accounting for approximately
43^80% of fungal infections following liver (1, 3), heart (4),
and lung transplantation (5). Aspergillus species have been
isolated from approximately 9^34% of patients with in-
vasive fungal infection (IFI) after liver transplantation (6)
and 20^50% after lung transplantation (5^7 ). Increased
mortality rates (20^90%) have been reported among SOT
recipients su¡ering from IFIs compared with SOTpatients
with no IFI (6, 8, 9).
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Risk factors for Candida infection include a high intraop-
erative transfusion requirement as well as post-transplant
bacterial infection (1). Renal failure and the need for dialy-
sis have been described as risk factors for early-onset Asp-
ergillus infection; risk factors in patients with late-onset
infections (43 months after transplantation) included
age, intensi¢ed immunosuppression due to factors such as
chronic transplant rejection, and post-transplant renal fail-
ure (10).While optimizing treatment of IFI in SOTpatients
may decrease attributable mortality (6, 11), limited data are
available from randomized clinical trials regarding which
treatments are most e¡ective for SOTpatients with IFI (12).
Current therapeutic options for invasive fungal disease in-
clude echinocandins, polyenes, and azoles (13^16).
Caspofungin is an echinocandin approved for treating

adult and pediatric patients with invasive candidiasis, as
empirical therapy in presumed fungal infections including
Candida or Aspergillus in febrile, neutropenic adult pa-
tients, and for treatment of invasive aspergillosis in adults
who are refractory or intolerant to other antifungal agents.
It is metabolized independently of cytochrome 450 andmay
therefore have fewer interactions with calcineurin inhibi-
tors (CNIs) such as cyclosporine or tacrolimus (17^19).This
retrospective observational study evaluated the e¡ective-
ness and safety of caspofungin as treatment for invasive
fungal disease in patients who had received an SOT.

Patients and methods

This retrospective, multicenter observational study was de-
signed to evaluate clinical and safety outcomes in patients
with proven or probable invasive fungal disease treat-
ed with caspofungin following a SOT. The study was per-
formed at 13 transplant centers in China (n5 3), Germany
(n5 5), Italy (n5 4), and the United Kingdom (n51). Cen-
tral and local regulatory and Independent Ethics Commit-
tee approvals were obtained as required by each site or
country.
Patients who received an SOT between January 2004 and

January 2007 and had received caspofungin following SOT
for treatment of a proven or probable IFI were eligible for
inclusion. EORTC-MSG criteria were used as a guide to as-
sess whether IFI cases were proven or probable (20). Charts
were reviewed between July 2007 and December 2007. If
multiple transplant procedures took place, the procedure
closest in time to the onset of post-transplant IFI was con-
sidered. Patients who participated in Merck-sponsored
clinical studies for IFI during the hospitalization were ex-
cluded. As this was a retrospective observational study, no
medication was provided to sites. Caspofungin was admin-

istered according to clinician’s judgment and local diagnos-
tic and treatment pathways.

E¡ectiveness and safety assessments

Data for consecutive patient cases meeting the eligibility
criteria were entered at each site into this observational
study. Internet-based electronic case report forms were
used to collect patient data. Demographic characteristics,
medical history, caspofungin dosing regimen, other anti-
fungal drugs received, co-administered immunosuppres-
sive agents, and dose and duration of therapy were
recorded. Information was collected on co-morbidities and
predisposing risk factors, i.e., active malignancy, renal fail-
ure requiring dialysis, primary graft non-function, re-
transplantation, exposure to 43 antibiotics, recent use of
central venous catheter, current steroid dose (i.e., during
this hospitalization), current monoclonal antibody use for
immunosuppression (i.e., during this hospitalization),
hyperglycemia, neutropenia (absolute neutrophil count
o500 cells/mL), recent parenteral nutrition (hyper-
alimentation), United Network for Organ Sharing (UNOS)
Class 1 (i.e., patients with a life expectancy of o7 days
without a liver transplant and with fulminant [sudden] liv-
er failure, or with newly transplanted liver not functioning,
respectively [21]) clinical urgency of transplantation, pre-
transplantation fungal colonization, cytomegalovirus
(CMV) infection, long duration of transplant procedure
(45 h), biliary construction using Roux loop, re-operation
(laparatomy) within 5 days after transplantation, need for
substantial ( � 40 U) intraoperative transfusions, hepatic
iron overload, thrombocytopenia, fulminant hepatic fail-
ure, recent intensive care unit (ICU) stay (i.e., during this
hospitalization), and ambient/community-acquired expo-
sure (i.e., before hospitalization). Data on type of SOT, site
of IFI following transplantation, mycology, and severity of
illness measures were also collected.
According to the pre-speci¢ed analysis plan, the pri-

mary e¡ectiveness population was based on a modi¢ed
all-patients-treated population, which included all patients
who received � 5 doses of caspofungin for treatment of
IFI. Mycological information, if available, was collected
via chart review and included site of fungal infection, type
of fungal infection, diagnostic tests used to identify fungal
species, and diagnosis of the infection. As part of the chart
review, no post hoc veri¢cation of mycological tests and no
resistance tests were performed.The chart review involved
taking data as available in the charts.
Safety was assessed for the all-patients-treated popula-

tion, whichwas de¢ned as any patient who received at least
1 dose of caspofungin. A summary of the number and per-
centage of patients who had at least 1 drug-related adverse
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event leading to early discontinuation of caspofungin or
death was produced by collecting drug-related clinical and
laboratory adverse events, drug^drug interactions, and
discontinuations or deaths associated with drug-related ad-
verse events. Drug-related events referred to those events
considered by the investigator as possibly, probably, or de¢-
nitely related to caspofungin therapy. All outcomes were
determined based on the judgment of the investigator.

De¢nitions of response

The primary endpoint was the proportion of patients who
received � 5 doses of caspofungin and had a favorable re-
sponse to treatment. Treatment response was determined
by the investigator as favorable (complete or partial) at the
end of caspofungin therapy (EOCT), or unfavorable (stable
disease or disease progression) at EOCT. In addition, sur-
vival was assessed at hospital discharge.
Complete response was de¢ned as resolution of all attrib-

utable clinical and radiological signs and symptoms of in-
vasive mycosis at EOCT; partial response was de¢ned as a
substantial reduction of attributable clinical and radiologi-
cal pre-treatment signs and symptoms of invasive mycosis
at EOCT; stable disease was de¢ned as minimal or no re-
duction of attributable clinical and radiological signs and
symptoms of invasive mycosis at EOCT; and failure was
de¢ned as worsening of signs and symptoms of invasive
mycosis at EOCT. Response was determined based on the
treating physician’s clinical judgment. Minimal observa-
tion period was 7 days after EOCT.

Statistical analysis

Patient characteristics, patient risk factors for invasive fun-
gal disease, indication for caspofungin therapy, immuno-
suppressive therapy at onset of caspofungin therapy, and
proportion of favorable response by pathogen were
assessed overall, and by type of therapy (caspofungin
monotherapy and caspofungin combination therapy,
respectively) using descriptive statistics.

Results

Patient baseline characteristics

A total of 81 patients were included in this observational
study. Sixty-one patients (75%) were male. Patients had a
median of 2 medical comorbidities at study entry (mean
2.8; range 1^8); liver disease was the most common condi-
tion (52/81 patients, 64). SOTs included liver in 49 patients

(60%), heart in 22 patients (27%), lung in 5 patients (6%),
kidney in 2 patients (2%), liver and kidney in 2 patients
(2%), and pancreas and kidney in 1 patient (1%). At initia-
tion of caspofungin therapy, the median age was 54 years
(range 24^70; standard deviation [SD], 10.38), and the me-
dianweight was 68 kg (range 44^103 kg; SD,12.95).The me-
dian duration of transplant operation was 6.5 h (SD, 3.551).

Risk factors and immunosuppression

Patients had amedian of 8 risk factors for IFI at initiation of
caspofungin therapy (Table 1). Patient risk factors included
recent use of central venous catheter (90%), recent ICU stay
(85%), current steroid dose (83%), duration of transplant
procedure 45 h (70%), exposure to 43 antibiotics (53%),
and recent parenteral nutrition (53%). At the start of caspo-
fungin therapy, 76/81 patients (94%) were non-neutropenic,
49/81 patients (61%) had mechanical ventilation, 29/81 pa-
tients (36%) had renal replacement therapy, and 16/81
(20%) had evidence of acute 14/16 (88%) or chronic 2/16
(13%) organ rejection.
Overall, 71/81 patients (88%) received immunosuppres-

sive therapy (Table 2). Corticosteroids were used by 65/81
patients (80%; mainly prednisolone [median dose 25 mg/
day; mean 62.8; range 5^750; n5 28] and prednisone [me-
dian dose 10 mg/day; mean 10; range 5^750; n513]). Tacro-
limus, administered to 54% of patients; mycophenolate
mofetil, administered to 27%; and cyclosporin A, adminis-
tered to 25% of patients, were among the most frequently
prescribed immunosuppressants. Compared with caspo-
fungin combination therapy, patients on caspofungin
monotherapy were numerically more likely to have a his-
tory of substantial intraoperative transfusions (prevalence
ratio [PR] 3.1, P5 0.02 [Fisher’s exact]), UNOS Class 1 (PR
2.3, P5 0.2), biliary Roux loop construction (PR 2.3,
P5 0.7 ), or clinical urgency of transplantation (PR 2.1,
P5 0.2), and were numerically less likely to have primary
graft non-function (PR 0.2, P5 0.1), ambient/community
acquired fungal infection (PR 0.3, P5 0.3), re-transplanta-
tion (PR 0.4, P5 0.2), or active malignancy (PR 0.4, P5 0.2).

Description of infection

A total of 66/81 patients were treated for IFI during the ini-
tial phase following SOT; 15/81 patients (19%) had been
discharged from the hospital following transplant but be-
fore IFI. At least 1 culture was taken from sterile sites for
47/81 patients (58.0%), with 21 from the lung. Cultures from
non-sterile sites were taken from 43/81 patients (53.1%), in
particular from respiratory secretions in 34/43 cases (79%).
Proven fungal infections were diagnosed in 38/81 patients
(46.9%), with 9/38 due to proven Aspergillus infection
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(23.7%), 23/38 to proven Candida infection (60.5%), 5/38
(13.2%) mixed infections, and 1/38 (2.6%) due to a mold in-
fection in a surgical wound in an Asian patient that could
not be speci¢ed further (Table 3). The site of infection was
the lung in 50/81 patients (62%), multiple sites in 13/81 pa-
tients (16%), blood in 6/81 (7%), sinus in 2/81 (3%), and in-
tra-abdominal infection in 6/81 (7%; organs a¥icted:
abdomen not further speci¢ed 3, kidney 1, liver/spleen 1,
and abscess not further speci¢ed 1). Four patients had
other sites of infection (5%).

Prior or adjuvant antifungal therapy

All patients were treated with caspofungin either as ¢rst-
line (n5 59) or second-line (n5 22) therapy. At the discre-
tion of the treating physician, and based on local diagnostic
and treatment pathways only, caspofungin was given as
monotherapy to 61 patients; the remaining 20 patients re-
ceived concomitant therapy with other antifungal agents.
Before initiation of caspofungin, 30 patients had been

treated with other antifungals. Of these, 10 had received

Patient risk factors for invasive fungal disease with at least 1 patient a¡ected

N (%)

Caspofungin monotherapy1

N 561
Combination therapy
N520

Overall
N 581

Number of risk factors per patient2 (median [mean; range; SD]) 8 [8.2; 4^18; 2.6] 8 [7.3; 2^15; 3.4] 8 [8.0; 2^18; 2.9]

Active malignancy 5 (8) 4 (20) 9 (11)

Renal failure requiring dialysis 25 (41) 5 (25) 30 (37)

Primary graft non-function 2 (3) 3 (15) 5 (6)

Re-transplantation 5 (8) 4 (20) 9 (11)

Exposure to 43 antibiotics 29 (48) 14 (70) 43 (53)

Recent use of central venous catheter 55 (90) 18 (90) 73 (90)2

Current steroid dose3 50 (82) 17 (85) 67 (83)

Current monoclonal antibody use for immunosuppression3 21 (34) 4 (20) 25 (31)

Hyperglycemia 23 (28)2 11 (55) 34 (42)

Neutropenia4 4 (7) 0 (0) 4 (5)

Recent parenteral nutrition (hyperalimentation) 36 (59) 7 (35) 43 (53)

UNOS Class 1 14 (23) 2 (10) 16 (20)

Clinical urgency of transplantation 19 (31) 3 (15) 22 (27)

Pretransplantation fungal colonization 8 (13) 2 (10) 10 (12)

CMV infection 15 (25) 5 (25) 20 (25)

Long duration of transplant procedure (45 h) 47 (77) 10 (50) 57 (70)

Biliary construction using Roux loop 7 (12) 1 (5) 8 (10)

Re-operation (laparatomy) within 5 days after transplantation 11 (18) 5 (25) 16 (20)

Need for substantial (� 40 U) intraoperative transfusions 28 (46) 3 (15) 31 (38)

Thrombocytopenia 15 (25) 7 (35) 22 (27)

Fulminant hepatic failure 5 (8) 1 (5) 6 (7)

Recent ICU stay3 54 (89) 15 (75) 69 (85)

Ambiental/community acquired exposure (i.e., before hospitalization) 2 (3) 2 (10) 4 (5)

Other 1 (1.6) 0 (0) 1 (1.2)

1Data for 1 patient in the monotherapy group were missing except for the categories designated ‘Other,’ ‘Biliary construction using Roux loop,’and ‘CMV
infection.’
2At initiation of caspofungin therapy.
3During this hospitalization.
4ANCo500 cells/mL.
SD, standard deviation; UNOS, United Network for Organ Sharing; CMV, cytomegalovirus; ANC, absolute neutrophil count; ICU, intensive care unit.

Table1
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prophylactic treatment (1 amphotericin B colloid disper-
sion, 6 £uconazole, 1 voriconazole, 2 itraconazole); 15 em-
piric therapy (2 liposomal amphotericin B, 3 voriconazole,
6 £uconazole, 1 amphotericin B colloid dispersion/
voriconazole, 1 itraconazole, 2 voriconazole/£uconazole
combination); and 5 de¢nite therapy (1 £uconazole, 1
amphotericin lipid complex, 1 £uconazole/voriconazole,
1 £uconazole/voriconazole/liposomal amphotericin B, 1
itraconazole/£uconazole). Reason for switching to or add-
ing caspofungin was immunosuppressive therapy in 10
patients; clinically refractory to ¢rst-line antifungal in 8;
microbiologically refractory to ¢rst-line antifungal in 3; ne-

phrotoxicity in 2; sensitivity to caspofungin in 2; and un-
known in 5. Of the 20/67 patients who received
combination therapy, in addition to caspofungin, 10%
received voriconazole; 9% received amphotericin B or its
lipid formulations; and 1% received voriconazole and £u-
conazole. Treatment was initiated for proven fungal infec-
tion in 38/81 patients (47%) and probable fungal infection
in 43/81 patients (53%), respectively (Table 3). Following
caspofungin therapy, 15 (19%) patients received £ucona-
zole, 10 (12%) received voriconazole, 4 (5%) received am-
photericin B or its lipid formulations, and 10 (12%) received
other antifungals.

Clinical response

A favorable (complete or partial) response at EOCTwas ob-
served in 58/67 patients (87%; 95% con¢dence interval [CI]
76%; 94%) in the modi¢ed all-patients-treated population.
In the modi¢ed all-patients-treated population, 35/67 pa-
tients (52%) had a complete response, and 23/67 (34%)
had a partial response. A favorable response was seen in
67/81 patients (83%; 95% CI 73%; 90%) in the all-patients-
treated population. Favorable responses were also noted in
14/19 patients with probable or provenAspergillus infection
(74%), and in 59/66 patients with Candida infection (89%;
Table 4).

Safety

In the all-patients-treated population, 25/81 (30.9%) pa-
tients had died at the end of observation, i.e., hospital dis-

Immunosuppressive therapy at onset of caspofungin therapy

Caspofungin monotherapy Combination therapy

Overall (N581)Immunosuppressive therapy1 With steroid (N5 47) Without steroid (N 514) With steroid (N 518) Without steroid (N 52)

Any therapy 43 (91.5) 10 (71.4) 18 (100) 0 (0.0) 71 (87.7)

Tacrolimus 25 (53.2) 10 (71.4) 9 (50.0) 0 (0.0) 44 (54.3)

Cyclosporin A 12 (25.5) 0 (0.0) 8 (44.4) 0 (0.0) 20 (24.7)

Sirolimus 0 (0.0) 0 (0.0) 1 (5.6) 0 (0.0) 1 (1.2)

Mycophenolate mofetil 21 (44.7) 2 (14.3) 3 (16.7) 0 (0.0) 26 (32.1)

Azathioprine 1 (2.1) 0 (0.0) 1 (5.6) 0 (0.0) 2 (2.5)

Other 6 (12.7) 3 (21.4) 2 (11.1) 0 (0.0) 11 (13.6)

Basiliximab 1 (2.1) 2 (14.3) 1 (5.5) 0 (0.0) 4 (4.9)

Muromonab-CD 3 0 (0.0) 0 (0.0) 1 (5.5) 0 (0.0) 1 (1.2)

Daclizumab 3 (6.4) 1 (7.1) 0 (0.0) 0 (0.0) 4 (4.9)

1Patients may have received 41 immunosuppressive therapy.

Table 2

Indication for caspofungin therapy fungal infection

Caspofungin
monotherapy
N561

Combination
therapy
N 520

Overall
N 581

Proven fungal infection (n 538/81)

Aspergillosis 4 (14) 5 (56) 9 (24)

Candidiasis 22 (76) 1 (11) 23 (61)

Mixed1 2 (7) 3 (33) 5 (13)

Other2 1 (3) 0 (0) 1 (3)

Probable fungal infection (n 543/81)

Aspergillosis 5 (16) 2 (18) 7 (16)

Candidiasis 26 (81) 9 (82) 35 (81)

Mixed1 1 (3) 0 (0) 1 (2)

1Mixed category indicates Aspergillus and Candida infection.
2Other category includes other mold infection.

Table 3
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charge. According to the individual physician’s judgment,
fungal infection was the primary reason for death in 3/81
patients (3.7%). Other reasons for death were multi-organ
failure (n512, 14.8%); single organ failure (n5 4, 4.9%);
bacterial infection (n5 3, 3.7%); graft-versus-host disease
in a patient with photo skin typeVIwho had received a liver
transplant for cryptogenic cirrhosis, su¡ered from
neutropenia, and had received treatment with monoclonal
antibodies (n51, 1.2%); bronchopneumonia and acute
respiratory distress syndrome (n51, 1.2%); and di¡use
hemorrhage (n51, 1.2%). One patient in the caspofungin
monotherapy group experienced drug-related adverse
events (pyrexia and hyperbilirubinemia) as did 1 in the
combination therapy group (nausea). No serious drug-
related adverse events were reported. No patients required
discontinuation of caspofungin due to a drug-related ad-
verse event. In the modi¢ed all-patients-treated population,
18/67 patients (26.9%) died at the end of observation,
among these 6 during the ¢rst 7 days after completion of
caspofungin therapy.

Discussion

Invasive fungal disease has become an important cause of
death in SOT recipients, particularly following lung or liver
transplantation. Amphotericin B was the only drug avail-
able for these patients for years, thus amphotericin B and
its lipid formulations were often used to treat these patients
despite the risk of hepatic failure (22) and renal impairment
(23), which can be exacerbated when combined with CNIs
(6). SOT recipients may in fact be excluded from large trials
because of the potential confounding complications of man-
datory immunosuppressive therapy. Drug interactions with
CNIs are a major issue in transplant patients.The advent of
newer agents such as the echinocandins may represent a
therapeutic opportunity. Caspofungin is not associated
with major drug-to-drug interactions involving the cyto-

chrome 450 metabolism of CNIs (18).This factor was impor-
tant in the present study, where 9 patients were switched to
caspofungin from another antifungal agent owing to drug
interactions with immunosuppressive therapy. Most pa-
tients who were e¡ectively managed with caspofungin re-
ceived concomitant immunosuppressive agents. These
results are particularly relevant because current published
data on caspofungin in SOT patients have been mostly in
the form of anecdotal case reports (24^26), reports on small
patient groups (27 ), and salvage studies (19).
In our study,Candidawas themost common cause of fungal

infection. Sites of infectionwere comparable to those reported
in other studies (1, 9).We found a relatively higher number of
Candida and Aspergillusmixed infections compared with the
literature (6), although Fujishita et al. (28) reported 3 hemato-
oncological cases of pulmonary mycosis due to mixed Can-
dida andAspergillus infection in 32 patients (9.4%). One possi-
ble explanation for the higher number of mixed infections is
that many studies focus on eitherAspergillus or Candida spe-
cies while our study evaluated all eligible SOT recipients.
Caspofungin was e¡ective as ¢rst- and second-line ther-

apy in this group of patients with a favorable response rate
of 87% in SOT recipients with proven or probable IFI. It
was noteworthy that 89% of patients with proven or prob-
able invasive Candida infection and 74% of patients with
proven or probable Aspergillus infection responded to
caspofungin treatment, similar to results reporting that
caspofungin was an e¡ective treatment in invasive asper-
gillosis after SOT (29). Prophylaxis for spontaneous bacte-
rial peritonitis, fulminant hepatitis, retransplantation,
dialysis, and CMVviremia have been identi¢ed as risk fac-
tors for invasive Candida infection in liver transplant recip-
ients (30). Favorable response rates in our patients
presenting these 5 risk factors were between 62.5% (re-
transplantation) and 85.7% (exposure to43 antibiotics).
The overall mortality observed (31% at 7 days post

EOCT) was relatively high.This is most likely because the
patients included in this study were severely ill.The 24 pa-
tients with APACHE II score data had a median score of 23,
where a score of420 is often used to indicate high severity

Proportion of patients with favorable response by pathogen

Pathogen
Caspofungin monotherapy
n/N (% [95% CI])

Combination therapy
n/N (% [95% CI])

Total
n/N (% [95% CI])

Aspergillus 7/9 (78 [40; 97]) 7/10 (70 [35; 93]) 14/19 (74[49; 91])

Candida albicans 24/26 (92 [75; 99]) 8/10 (80 [44; 98]) 32/36 (89 [74;97])

Non-albicans Candida 19/20 (95 [75; 100]) 4/5 (80 [28; 100]) 23/25 (92[74; 99])

Mixed Candida species 2/3 (67 [9; 99]) 2/2 (100 [16; 100]) 4/5 (80 [28; 100])

CI, con¢dence interval.
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of illness. Also, a large majority of patients received immu-
nosuppressive therapy. The mean duration of transplant
operation of � 7 h indicates more di⁄cult operative proce-
dures.
This study had several inherent limitations. As a retro-

spective observational study, there was no comparator
arm. Also, because of potential confounding due to imbal-
ances of prognostic factors, no conclusions should be
drawn regarding the outcome of caspofungin monothera-
py relative to the outcome of caspofungin combination ther-
apy. Results may have been a¡ected by the relatively low
number of patients in some categories, and there was a rel-
atively brief follow-up period after the EOCT.
Nevertheless, in this retrospective observational study,

the clinical response rate of patients treated with caspofun-
gin for IFI after SOTwas comparable to rates shown in ran-
domized trials in non-SOTpatients.

Acknowledgements:

Funding source: Merck & Co. Inc.,Whitehouse Station, NJ,
USA.
CAPSOT Study group members: Germany: Johann

Pratschke, Charite¤ CampusV|rchow, Berlin; Michael Schmo-
ekel, Klinikum Gro�hardern Ludwig-Maximilians-Univer-
sit�t Mˇnchen, Mˇnchen; Uwe Schulz, Herz- und
Diabeteszentrum Nordrhein-Westfalen Universit�tsklinik
der Ruhr-Universit�t Bochum, Bad Oeynhausen; Georg F.
Schumann, Medizinische Hochschule Hannover, Hannover;
China:Tracy Cai, Guangzhou;Wenxiong Li, Beijing Chao-
yang Hospital, Beijing; Zhang Min, Zhejiang University,
Zhejiang; Italy: Mauro Salizzoni, S. Giovanni Battista
(Molinette) S.C.D.U., Torino; Dino Sgarbatto, Ospedale Ci-
vile di Padova, Padova; Ghil Busnach, Ospedale Niguarda
Ca' Grande, Milano; Gabriele Sgagna, Universia' Cattolica
del Sacro Cuore, Roma; Antonio Daniele Pinna, Policlinico
S. Orsola Malpighi, Bologna; UK: Nizar Yonan, Wythen-
shawe Hospital, Manchester.
Financial disclosure: M.W. has received research grants

from Bayer and Novartis; is a consultant to Astellas,
Merck/MSD Sharp & Dohme GmbH and Bayer and served
at the speakers’ bureau of Merck/MSD Sharp & Dohme
GmbH, Bayer and Novartis. J.P. served at the speaker’s bu-
reau of Astellas, Genzyme, MSD Sharp & Dohme GmbH,
and Novartis. U.S. has received an unrestricted research
grant from Actelion, served at the speakers’ bureau of Acte-
lion, Fresenius, MSD Sharp & Dohme GmbH, Miltenyi, and
Novartis, and received travel grants from Actelion, Astel-
las, Bayer, Fresenius, MSD Sharp & Dohme GmbH, Milt-
enyi, Novartis, and P¢zer. P.K., L.M., J.P., and M.S. are
employed by Merck & Co. Inc., the company that manufac-
tures caspofungin. S.C. was an employee of Rutgers Uni-

versity, participating in a joint fellowship with Merck &
Co Inc. at the time the study had been performed. S.Z.,
M.Z.,W.L., M.L., D.S., G.S.: no con£ict of interest. Editorial
assistance was provided byWendy Horn, PhD, with fund-
ing from Merck & Co.

References

1. Patel R, Portela D, BadleyAD, et al. Risk factors of invasive Candida
and non-Candida fungal infections after liver transplantation.
Transplantation 1996; 62 (7 ): 926^934.

2. Sole¤ A, Salavert M. Fungal infections after lung transplantation.
Transplant Rev (Orlando) 2008; 22 (2): 89^104.

3. Husain S, Alexander BD, Munoz P, et al. Opportunistic mycelial
fungal infections in organ transplant recipients: emerging
importance of non-Aspergillusmycelial fungi. Clin Infect Dis 2003;
37 (2): 221^229.

4. Miller LW, Naftel DC, Bourge RC, et al. Infection after heart-
transplantation ^ a multiinstitutional study. J Heart LungTransplant
1994; 13 (3): 381^393.

5. Alexander BD,TapsonVF. Infectious complications of lung
transplantation.Transpl Infect Dis 2001; 3 (3): 128^137.

6. Gabardi. S, Kubiak DW, Chandraker AK,Tullius SG. Invasive fungal
infections and antifungal therapies in solid organ transplant
recipients.Transpl Int 2007; 20 (12): 993^1015.

7. Iversen M, Burton CM,Vand S, et al. Aspergillus infection in lung
transplant patients: incidence and prognosis. Eur J Clin Microbiol
Infect Dis 2007; 26 (12): 879^886.

8. Paterson DL, Singh N. Invasive aspergillosis in transplant recipients.
Medicine (Baltimore) 1999; 78 (2): 123^138.

9. Pugliese F, Ruberto F, Cappannoli A, et al. Incidence of fungal
infections in a solid organ recipients dedicated intensive care unit.
Transplant Proc 2007; 39 (6): 2005^2007.

10. Gavalda J, Len O, San Juan R, et al.; RESITRA (Spanish Network for
Research in Infection inTransplantation). Risk factors for invasive
aspergillosis in solid-organ transplant recipients: a case^control
study. Clin Infect Dis 2005; 41 (1): 52^59.

11. Silveira FP, Husain S. Fungal infections in solid organ
transplantation. Med Mycol 2007; 45 (4): 305^320.

12. Petrovic J, Ngai A, Bradshaw S, et al. E⁄cacy and safety of
caspofungin in solid organ transplant recipients. Transplant Proc
2007; 39 (10): 3117^3120.

13. WalshTJ, Finberg RW, Arndt C, et al. Liposomal amphotericin B for
empirical therapy in patients with persistent fever and neutropenia.
National institute of allergy and infectious diseases mycoses study
group. N Engl J Med 1999; 340 (10): 764^771.

14. Herbrecht R.Voriconazole versus amphotericin B for primary
therapy of invasive aspergillosis. N Engl J Med 2002; 347 (6):
408^415.

15. WalshTJ,Teppler H, Donowitz GR, et al. Caspofungin versus liposomal
amphotericin B for empirical antifungal therapy in patients with
persistent fever and neutropenia. N Engl J Med 2004; 351 (14): 1391^
1402.

16. Mun� oz P, Rodr|¤ guez C, Bouza E, et al. Risk factors of invasive
aspergillosis after heart transplantation: protective role of oral
itraconazole prophylaxis. Am J Transplant 2004; 4 (4): 636^643.

17. AnttilaVJ, Piilonen A,Valtonen M. Co-administration of caspofungin
and cyclosporine to a kidney transplant patient with pulmonary
Aspergillus infection. Scand J Infect Dis 2003; 35 (11^12): 893^894.

Winkler et al: Caspofungin in SOTpatients

236 Transplant Infectious Disease 2010: 12: 230^237



18. Saner F, Gensicke J, Rath P, et al. Safety pro¢le of concomitant use of
caspofungin and cyclosporine or tacrolimus in liver transplant
patients. Infection 2006; 34 (6): 328^332.

19. Veroux M, Corona D, Macarone M, Gagliano M, Giu⁄da G,Veroux P.
Caspofungin in kidney transplant recipients with refractory invasive
candidiasis. Nephrol Dial Transplant 2007; 22 (5): 1487^1489.

20. Ascioglu S, Rex JH, de Pauw B, et al. De¢ning opportunistic invasive
fungal infections in immunocompromised patients with cancer and
hematopoietic stem cell transplants: an international consensus. Clin
Infect Dis 2002; 34 (1): 7^14.

21. KremersWK, van IJperen M, KimWR, et al. MELD score as a
predictor of pretransplant and posttransplant survival in OPTN/
UNOS status 1 patients. Hepatology 2004; 39 (3): 764^769.

22. Fischer MA,WinkelmayerWC, Rubin RH, Avorn J.The hepatotoxicity
of antifungal medications in bone marrow transplant recipients. Clin
Infect Dis 2005; 41 (3): 301^307.

23. Ullmann AJ, Sanz MA,Tramarin A, et al. Longitudinal Evaluation of
Antifungal Drugs (LEAD I) Investigators. Prospective study of
amphotericin B formulations in immunocompromised patients in 4
European countries. Clin Infect Dis 2006; 43 (4): 29^38.

24. Said T, Nampoory MR, Nair MP, et al. Safety of caspofungin for
treating invasive nasal sinus aspergillosis in a kidney transplant
recipient.Transplant Proc 2005; 37 (7 ): 3038^3040.

25. Forestier E, RemyV, Lesens O, et al. A case ofAspergillusmediastinitis
after heart transplantation successfully treated with liposomal
amphotericin B, caspofungin and voriconazole. Eur J Clin Microbiol
Infect Dis 2005; 24 (5): 347^349.

26. Eschertzhuber S,Velik-Salchner C, Hoermann C, Hoefer D,
Lass-Florl C. Caspofungin-resistant Aspergillus £avus after heart
transplantation and mechanical circulatory support: a case report.
Transpl Infect Dis 2008; 10 (3): 190^192.

27. Veroux M, Corona D, Gagliano M, et al.Voriconazole in the treatment of
invasive aspergillosis in kidney transplant recipients.Transplant
Proc 2007; 39 (6): 1838^1840.

28. Fujishita M, Kataoka R, Kobayashi M, Miyoshi I. [Clinical features of
32 cases of fungal pneumonia]. Nihon Kyobu Shikkan Gakkai Zasshi
1991; 29 (4): 420^428.

29. Groetzner J, Kaczmarek I,WittwerT, et al. Caspofungin as ¢rst-line
therapy for the treatment of invasive aspergillosis after thoracic
organ transplantation. J Heart LungTransplant 2008; 27 (1): 1^6.

30. Husain S,Tollemar J, Dominguez EA, et al. Changes in the spectrum
and risk factors for invasive candidiasis in liver transplant recipients:
prospective, multicenter, case-controlled study.Transplantation 2003;
75 (12): 2023^2029.

Winkler et al: Caspofungin in SOTpatients

Transplant Infectious Disease 2010: 12: 230^237 237


