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Abstract The frequency of breakthrough invasive fungal dis-
eases (IFDs) during echinocandin therapy is unclear. We retro-
spectively analyzed 534 hematologic patients treated with
echinocandin (caspofungin, N =55; micafungin, N =306;
anidulafungin, N =173). Four proven IFDs were found, caused
by Candida parapsilosis (N =2), C. parapsilosis and Candida
glabrata (N =1), and Fusarium species (N =1). Four cases of
possible IFDs were observed, all showing pulmonary infection.
One case showed features suggestive of hepatosplenic candidi-
asis. Six of these eight cases had previously received the purine
analog clofarabine. Breakthrough IFD during echinocandin
treatment occurred infrequently (1.5 %), caused predominantly
by Candida species. Clofarabine usage was an important risk
factor.

Keywords Echinocandin . Breakthrough invasive fungal
infections

Introduction

The echinocandins are a new group of antifungal medications
[1]. They inhibit the enzyme 1,3-β-D -glucan synthase,
preventing the synthesis of 1,3-β-D-glucan that is an integral
component of the cell wall of Candida and Aspergillus

species [1]. Three echinocandins are available. Caspofungin
is efficacious as empirical therapy of febrile neutropenia and
has been evaluated for salvage treatment of invasive aspergil-
losis [1]. Micafungin is used as prophylaxis after hematopoi-
etic stem cell transplantation (HSCT) [1]. Anidulafungin is
approved for the treatment of esophageal candidiasis [1].

As data on echinocandins usage accumulate, break-
through invasive fungal diseases (IFDs) are increasingly
reported [2]. However, because of marketing strategies,
few countries have all three echinocandins available at the
same time. Therefore, pooling of data from different coun-
tries where the three echinocandins are not simultaneously
available [2] might not reflect the actual frequencies and
spectra of breakthrough IFD.

In order to define the frequency and clinical significance of
breakthrough IFD during echinocandin therapy, we retrospec-
tively analyzed a cohort of hospitalized hematologic patients
treated with caspofungin, micafungin, and anidulafungin dur-
ing a 42-month period.

Materials and method

Patients The study was conducted in a quaternary hemato-
logic referral center. Case files of all hematologic and HSCT
patients who had received antifungal drugs from January 2009
to June 2012 were retrieved. Patients who had received
echinocandins were reviewed. The choice of echinocandin
was determined by the attending physicians. All records were
scrutinized for breakthrough IFD.

Definitions and treatment of IFD Proven, probable and pos-
sible IFDs were defined according to standard EORTC/MSG
criteria [3]. Patients were administered prophylactic, empiri-
cal, preemptive, and targeted antifungal drugs according to
standard criteria [4]. Serologic biomarkers for IFD including
galactomannan and β-D -glucan were not performed.
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Radiologic imaging including computed tomography (CT)
scan was performed as clinically indicated, particularly in
patients with abnormalities on chest radiography. However,
routine surveillance CT scans were not performed.

Results

Patients During the study period, 534 patients received
echinocandins (caspofungin, N =55; micafungin, N =306;
anidulafungin, N =173). Of these, four patients (0.7 %) devel-
oped proven IFDs, and four patients (0.7%) developed possible
IFDs while receiving echinocandins.

Proven IFD Four cases of proven IFDs were observed (pa-
tients 1–4, Table 1). In two cases (patients 2 and 3), the
echinocandins were used prophylactically, in view of high-
risk features including refractory or relapsed leukemia, anteced-
ent HSCT, and prolonged neutropenia. In two cases (patients 1
and 4), echinocandins were administered empirically for neu-
tropenic fever not responding to broad-spectrum antibiotics.
The incriminated organisms were C . parapsilosis in two cases,
C . parapsilosis and C . glabrata in one case (patient 1, Table 1
and Fig. 1a, b), and Fusarium species in one case (patient 2,
Table 1 and Fig. 1c–e). Patients received a median of 39 (30–
69)days of echinocandin before IFD was diagnosed. It is im-
portant to note that each of these patients had received the
purine analog clofarabine in combination with high-dose
cytarabine immediately before the breakthrough IFD [5]. Lipo-
somal amphotericin Bwas used as salvage antifungal treatment,
together with posaconazole (patient 1) and voriconazole (pa-
tient 2). Two patients did not improve and died. The remaining
two patients responded, but died of refractory leukemia and
bacterial sepsis.

Possible IFD Four cases of possible IFDs were identified
(patients 5–8, Table 1). All cases had lesions localized to the
chest. In two cases (patients 5 and 6), the echinocandin was
used empirically for neutropenic fever not responding to
broad-spectrum antibiotics (Fig. 1f, patient 5). In two cases,
the echinocandins were administered prophylactically, in view
of previous allogeneic HSCT and high-dose corticosteroid
treatment for ongoing graft-versus-host disease (GVHD)
(Fig. 1g, patient 7). It is noteworthy that in these two cases,
the absolute neutrophil count was normal. In one of the
cases, the radiologic features were suggestive of chronic dis-
seminated candidiasis (hepatosplenic candidiasis) (Fig. 1h,
patient 8). With treatment, three patients responded with ra-
diologic improvement. However, two patients finally died of
complications of GVHD. One patient never became afebrile
and died a month later. Notably, two of the four patients had
also received clofarabine and high-dose cytarabine immedi-
ately before IFD.

Discussion

This is to date one of the largest series of patients treated with
echinocandins, where breakthrough IFDs were studied. Be-
cause echinocandins are active against Candida and Asper-
gillus species, the two most common organisms causing IFD,
breakthrough fungal infections during their usage are unusual.
However, zygomycetes, Cryptococcus neoformans , Fusari-
um species, and Trichosporon species are innately resistant to
echinocandins [1], so that breakthrough IFD caused by these
fungi might be expected. Surprisingly, only very few cases of
breakthrough IFD due to these organisms have been de-
scribed. In a review of breakthrough IFD during echino-
candins therapy [2], where 37 isolates were recovered, only
13 (35 %) were due to Trichosporon species (N =8), zygomy-
cetes (N =3), C . neoformans (N =2), and Fusarium species
(N =1). As information was pooled from 20 studies [2], the
data might also be confounded by the prevalent spectra of IFD
in these geographic areas.

In this study, we observed a low frequency of breakthrough
IFD (8/534, 1.5 %). Candida was involved in three of the four
proven cases. It might also be implicated in at least one of the
four possible cases, where the radiologic features were sugges-
tive of hepatosplenic candidiasis. C . parapsilosis was identi-
fied in all three proven cases. In fact, C . parapsilosis has been
reported to be the most common non-albicansCandida causing
blood stream infections [6]. We had not performed antifungal
susceptibility tests. However, C . parapsilosis is known to be
less sensitive to echinocandins [7]. Furthermore, C . para-
psilosis tends to have higher minimal inhibitory concentrations
to anidulafungin and micafungin than other Candida species
[7]. Recent studies have also noted a small but detectable
increase in the proportion of Candida species that have de-
creased echinocandin susceptibility [7].

Echinocandins target the Fks1p subunit of β-1,3-D-glucan
synthase, which is encoded by three related genes, FKS1 ,
FKS2 , and FKS3 [8]. It has been proposed that a naturally
occurring proline-to-alanine substitution at amino acid posi-
tion 660 of FKS may be responsible for the reduced
echinocandin susceptibility of C . parapsilosis [9]. The find-
ing of the breakthrough C . parapsilosis infection in our
patients might therefore be related to its inherent reduced
echinocandin susceptibility. On the other hand, mutations of
the FKS at certain hotspots may also render the Fks1p subunit
resistant to echinocandins [8]. The presence of FKS mutations
has in fact been defined occasionally in breakthrough Candi-
da infection during echinocandin therapy.

Four cases were possible IFDs. Because we had not mea-
sured fungal biomarkers (galactomannan and β-D-glucan),
the diagnoses could not be upgraded to probable IFD. In all
cases, the chest appeared to be the site of the infection. In one
case, additional features were suggestive of hepatosplenic
candidiasis. In the other cases, aspergillus might be involved.
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Acquired resistance of Aspergillus species to echinocandins
due to FSK gene mutation appears to be rare [8]. However,
breakthrough invasivemold infections during caspofungin ther-
apy caused predominantly by Aspergillus species have been
reported, with a frequency as high as 7.3 % [10]. Because
fungal cultures were not available for the majority of cases in
that study, the sensitivity of the Aspergillus isolates to
caspofungin could not be fully evaluated. Proposed mecha-
nisms of breakthrough IFD in these instances included inade-
quate serum levels of caspofungin and severe immunosuppres-
sion. In our cohort, caspofungin had been used sparingly. Even
with the presumption that the three possible cases of IFD were
all due to mold infections, the frequency would still be very low
at <1 % in our cohort, when micafungin and anidulafungin
were the predominant echinocandins used.

An important observation in this study is that, of the eight
cases of IFD, six patients had received clofarabine and high-
dose cytarabine, making this regimen the most significant risk
factor. Clofarabine is a purine analog targeting both lymphoid
and myeloid cells [5]. Treatment with clofarabine therefore
leads to profound neutropenia and lymphopenia. Although
neutropenia can be alleviated with the use of hematopoietic
growth factors, lymphopenia may be very prolonged, which
may explain the predisposition to IFD in the present series. Our
experience therefore indicates that after clofarabine treatment,
an echinocandin may not be adequate for antifungal coverage,
particularly for the less susceptible Candida species. An azole
that covers both yeast and mold, such as posaconazole, may be
a better option.

The three echinocandins were not used at the same rate.
Micafungin was used most frequently, followed by anidula-
fungin and caspofungin. Because this was not a prospective
study, drugs were used according to the discretion of the
physician in charge. In general, micafungin was started in most
cases, with anidulafungin prescribed for patients with impaired
hepatic function [1]. Caspofungin was least prescribed, because
of concerns of its drug interactions [1], particularly with

ciclosporin in our HSCT patients. In other words, patients
receiving caspofungin tended to be on fewer medications,
implying that they were less complicated. Hence, the fact that
we were seeing more breakthrough IFD in patients treated with
anidulafungin and micafungin might be related to the preferen-
tial usage of these echinocandins in patients with more compli-
cated clinical courses, particularly because of hepatic GVHD
and drug-induced liver dysfunction, where anidulafungin and to
a slightly lesser extent micafungin could have a better safety
profile. Hence, it is unlikely that our data reflected a differential
tendency of the three echinocandins in leading to breakthrough
IFD.

The results in this study were confounded by some prob-
lems. Serologic biomarkers for IFD, including galactomannan
and β-D-glucan, were not assayed because of resource con-
straints. The availability of these tests would have upgraded
our cases from possible to probable IFD. This might also have
somewhat affected the frequency of breakthrough infections.
For neutropenic fever, we have adopted an empirical approach
[11] so that surveillance CT scans were not performed. How-
ever, CT scans were performed when indicated, even if chest
radiographs only showed subtle changes. Finally, postmortem
examinations had not been performed, and this might have led
to a very small number of IFD undiagnosed.

To conclude, breakthrough IFDs were uncommon during
echinocandin treatment and appeared to be caused predomi-
nantly by less sensitive Candida species. Use of the purine
analog clofarabine is an important risk factor.
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