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Echinocandin Antifungal Drugs
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Micafungin

Caspofungin

Echinocandin drugs are the newest class of antifungal agents and the first
that target the fungal cell wall. They are cyclic hexa-peptides N-linked to a
fatty acyl side chain. They inhibit the biosynthesis of b-1,3-D-glucan, a
critical building block of fungal cell walls
Drug
Caspofungin (Cancidas; MK-0991 )
Micafungin (Mycamine; FK463)
Anidulafungin (Eraxis; VER 002;
LY 303366)

Company
Merck
Astellas
Pfizer

FDA Approval
2002
2005
2006

Echinocandins, the newest addition to the
arsenal of antifungals

β 1,3-D glucan synthase (GS)
• Unresolved protein complex
• Catalytic subunit (Fks1/2)
• Regulatory subunit (Rho1)
• Encoded by 3 FKS-related
genes in Candida spp.

From: Odds et al., Trends Microbiol., 2003

• We present nationwide data for Denmark from 2010 to 2011. A total of
1081 isolates from 1047 episodes were recorded in 995 patients. The
numbers of patients, episodes and recovered isolates increased by
13.1%, 14.5% and 14.1%, respectively, from 2010 to 2011
• The incidence rate was highest at the extremes of age and in males.
Candida albicans accounted for 52.1% but declined during 2004–11 (p
0.0155). Candida glabrata accounted for 28% and increased during
2004–2011 (p <0.0001). Candida krusei, Candida tropicalis and Candida
parapsilosis remained rare (3.3–4.2%).
• Overall, the susceptibility rates were: amphotericin B 97.3%,
anidulafungin 93.8%, fluconazole 66.7%, itraconazole 69.6%,
posaconazole 64.2% and voriconazole 85.0%. Acquired echinocandin
resistance was molecularly confirmed in three isolates.
• The incidence of fungaemia continues to increase in Denmark and is
associated with a decreasing proportion being susceptible to fluconazole.
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The ROCANET study: preliminary results from a
prospective observational survey of candidemia in the
Rome city
Species

No. Isolates (%) Azole-resistant (%)

Candin-resistant (%)

Candida albicans

242 (49.0)

4 (1.6)

1 (0.4)

C. glabrata

51 (10.3)

6 (11.8)

2 (3.9)

C. guilliermondii

5 (1.0)

1 (20.0)

1 (20.0)

C. krusei

11 (2.3)

ND

0 (0)

C. lusitaniae

7 (1.4)

0 (0)

0 (0)

129 (26.2)

8 (6.2)

0 (0)

C. tropicalis

32 (6.5)

2 (6.2)

0 (0)

Others

16 (3.3)

3 (18.7)

4 (35.0)

493 (100)

24 (4.9)

8 (1.6)

C. parapsilosis complex

Total

Data from two large surveillance (SENTRY and CDC) programs

‘With respect to the 2001-2004 time period where only caspofungin was available, there were 18 echinocandinresistant strains (11.1%) among the 162 fluconazole-resistant isolates representing the latter time period. All of
these had mutations in fks.’

From: Arendrup and Perlin, Curr. Opinion. Infect Disl., 2014

• A 58-year-old woman with a recent diagnosis of acute myeloid leukemia
(AML) following induction and consolidation chemotherapy for AML to
receive a matched unrelated allogeneic SCT. Before the allogeneic SCT, a
bone marrow biopsy showed no evidence of residual AML and the patient
proceeded to transplant.
• Two months after allogeneic SCT, while on voriconazole for empiric
coverage for invasive fungal infections, the patient was switched to
micafungin 50 mg intravenously daily owing to the primary team’s concern
over increasing bilirubin levels
• Surveillance blood cultures, drawn peripherally, obtained 14 days after the
switch from voriconazole to micafungin revealed no bacteria, but were
positive for the growth of yeast.

• The patient’s antifungal regimen was empirically switched to amphotericin
B liposomal complex from micafungin to cover for yeast in the blood,
which grew in the presence of echinocandin therapy.
• Based on CLSI guidelines, the isolate was susceptible to fluconazole with
an MIC of 1.5 mg/L, voriconazole with an MIC of 0.032 mg/L, but was
non-susceptible to caspofungin with an MIC of 32 mg/L.
• The confirmatory testing revealed the C. albicans isolate contained an
alteration in the S645P amino acid found in a highly conserved region of
1,3 β–D–glucan synthase fks1 subunit.
• Clinicians need to be aware of the risks of echinocandin resistance and
breakthrough candidemia in patients receiving echinocandin therapy for
antifungal prophylaxis for febrile neutropenia.
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Fks modification as a mechanism for
echinocandin resistance in Candida species
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Two regions (HS1 and HS2) of Fks1/2 are associated
with resistance in Candida
Both homozygous and heterozygous mutations of
diploid organisms like C. albicans confer resistance
Prominent mutations confer cross-resistance to all
echinocandin class drugs

Criteria for Echinocandin Resistance

• Elevated MIC values
• Significant shift (>100-fold) in IC50 (Ki) values for
glucan synthase inhibition
• Significant shift (>100-fold) in ED90/99 values for
tissue burdens in murine candidiasis model

From: Perlin DS, Drug. Res. Update, 2007

Association between mutations in
FKS1 and IC50 and ED90 values

Patient
A
A
A
A

*
Isolate
C. albicans/16998
C. albicans/18195
C. albicans16996
C. albicans/16997

Fks1
Change
None
None
S645F
S645P

Glucan
Synthesis

Mouse Model
(Burden)

MIC

IC50

ED90

(µg/ml)

(ng/ml)

(mg/kg/day)

0.56
0.91
162
1997

< 0.06
0.01
1.09
9.98

0.5
0.25
>8
>8

*Genotypic identity by MLST

From: Park et al., AAC, 2005

Relationship between echinocandin Ki (inhibition
constant) and FKS1 mutations of C. albicans resistant
strains
Strain

Genotype

FKS1

Ki (ng/ml)

HS1a

HS2b

ANF

CSF

MCF

5314

WT

WT

WT

1.3± 0.6

3.0 ± 1.6

27.5 ± 1.8

36082

WT

WT

WT

1.4 ± 0.1

1.0 ± 0.05

23.5 ± 2.4

90028

WT

WT

WT

0.6 ± 0.2

0.5 ± 0.04

15.5 ± 2.1

119

T1921C

F641L

WT

6.8 ± 0.2

4.9 ± 1.0

155.9 ± 14.5

177

T1922C

F641S

WT

4342.3 ± 229.6

1817.6 ± 3.5

4404.2 ± 42.1

205

T1933C

S645P

WT

3223.1 ± 99.7

1480.0 ± 172.6

2673.6 ± 118.9

89

C1934A

S645Y

WT

1163.4 ± 52.8

860.0 ± 34.1

867.1 ± 10.9

85

C1934T

S645F

WT

445.9 ± 20.1

519.3 ± 17.2

1289.2 ± 42.6

149

G1942T

D648Y

WT

170.6 ± 26.2

200.0 ± 12.5

489.2 ± 2.1

122

C1946A

P649H

WT

646.1± 26.7

291.7 ± 50.2

2588.5 ± 32.3

194

C1934T/G4082R

S645F

R1361R/H

299.2 ± 11.9

466.9 ± 8.8

493.8 ± 27.4

90

G4082R

WT

R1361R/H

298.5 ± 6.5

148.2 ± 3.7

264.7 ± 12.0

From: Garcia-Effron et al., AAC, 2009

Echinocandin cross-resistance in
clinical isolates of Candida albicans

Da: Perlin DS., Drug Resist. Updat., 2007

FKS1 mutations and polymorphisms in hot-spot regions
confer reduced susceptibility among Candida spp.

FKS1
Hot Spot1

Hot Spot 2

C. albicans
C. kruseii
C. glabrata
C. guilliermondii
C. lypolytica
C. tropicalis
C. dubliniensis

FLTLSLRDP
FLILSIRDP
FLILSIRDP
FMALSIRDP
FLILSIRDP
FLTLSIRDP
FLTLSIRDP

DWIRRYTL
DWIRRYTL
DWIRRYTL
DWIRRYTL
DWIRRCVL
DWIRRYTL
DWIRRYTL

C. parapsilosis
C. orthopsilosis
C. metapsilosis

FLTLSIRDA
FLTLSIRDA
FLTLSIRDA

DWIRRYTL
DWVRRYTL
DWIRRYTL

FKS2
Hot Spot 1

FKS3
Hot Spot 1

Organism

Resistance mutation

Silent mutation

FLILSIRDP

Naturally-occurring Res. mutation

Polymorphisms in FKS1 HS1 of C. parapsilosis group confer
modestly decreased sensitivity of glucan synthase to
echinocandin drugs
IC50 ng/ml
ANF
CSF
MCF

C. parapsilosis P649A
C. metapsilosis P649A
C. orthopsilosis P649A

452

131

233

130

25

115

228

123

242

2

1

18

P649H

491

83

924

WT

3.7

3.1

0.7

P667T

207

158

112

96

76

154

1663

1340

5293

I1359V

C. albicans
C. albicans
C. glabrata
C. glabrata
S. cerevisiae*
S. cerevisiae*

WT

WT
P649A

From: Garcia-Effron et al., AAC, 2008

Reference methods for yeasts susceptibility testing
• M27-A3, CLSI, breakpoints for:
– Fluconazole
– Itraconazole
– Voriconazole
– 5-FC
– Candins

• EUCAST version 7.2, breakpoints for:
– Fluconazole
– Voriconazole
– Anidulafungin
– Micafungin
– Amphotericin B
– Posaconazole

Differences between CLSI and EUCAST
susceptibility methods
Characteristics

CLSI M27-A3

EUCAST Def

Suitability

Yeasts

Fermentative Yeast

Inoculum

0.5-2.5x103 CFU/ml

0.5-2.5x105 CFU/ml

Test medium

RPMI 1640 0,2%G

RPMI 1640 G2%

Format

Microdilution

Microdiluation

Temperature

35°C

35°C

Duration of incubation

46-50h
24 h for yeasts

24h

Endpoint

80% inhibition M27-A2
50% inhibition M27-A3 (azole)

80% amphotericin B
50% inhibition azole

Reading

Visually

Plate reader

EUCAST/CLSI antifungal breakpoints for Candida species as of 2013

From: Arendrup et al., Drug Res. Up., 2013

• The MIC results for 3,764 strains of Candida (eight species), including 73
strains with fks mutations, were used
• Caspofungin and micafungin MIC values of 0.25 µg/ml, 0.5 µg/ml, and 1
µg/ml were considered to be susceptible, intermediate, and resistant,
respectively, for C. albicans, C. tropicalis, and C. krusei, and MIC results
of 2 µg/ml, 4 µg/ml, and 8 µg/ml were categorized as susceptible,
intermediate, and resistant, respectively, for C. parapsilosis and C.
guilliermondii; caspofungin MIC values of 0.12 µg/ml, 0.25 µg/ml, and 0.5
µg/ml and micafungin MIC values of 0.06 µg/ml, 0.12 µg/ml, and 0.25
µg/ml were considered to be susceptible, intermediate, and resistant,
respectively, for C. glabrata
• Overall, the %CA was 98.8% (0.2% VMEs and MEs, 0.8% minor errors)
using micafungin as the surrogate marker.

• For all 4,290 isolates the CA was 97.1% (0.2% VME and ME,
2.5% minor errors) using anidulafungin as the surrogate.
• Using the epidemiological cutoff value (ECV) of 0.12 g/ml
for both caspofungin and anidulafungin to differentiate wildtype (WT) from non-WT strains of C. glabrata, 42 of the 55
(76.4%) C. glabrata mutants were non-WT and 8 of the 55
(14.5%) were WT for both agents (90.9% concordance).
• Anidulafungin can accurately serve as a surrogate marker to
predict S and R of Candida to caspofungin.

Candin BPs key points: concerns
between CLSI and EUCAST?
• The main differences between the two reference
methods are the following:
– the breakpoints for anidulafungin and micafungin are a few dilutions
lower, which is mainly methodology related as the EUCAST method
generates lower MICs that the CLSI method,
– EUCAST in contrast to the CLSI does not regard C. parapsilosis and
C. guilliermondii as fully echinocandin susceptible but of intermediate
susceptibility,
– EUCAST has abstained from setting caspofungin breakpoints
because of unacceptable variation in MIC ranges obtained over time
and among centers and there-fore recommends in the meantime that
anidulafungin is used as a marker for caspofungin susceptibility.
From: Arendrup et al., Drug Res. Up., 2013

Yeast susceptibility testing
Commercial methods
• YeastOne Sensititre
– AMB
– Candins (Caspo, Mica, Anidulafungin)
– 5-FC
– Azoles (Flu, Itra, Vori, Posaconazole)

• E-test
– Several antifungals

• Vitek 2
– AMB
– 5-FC
– Azoles (Flu, Voriconazole)

• A commercially prepared dried colorimetric microdilution panel
(Sensititre Yeast One) was compared in 3 different laboratories with the
CLSI reference microdilution method by testing 2 quality control strains,
25 reproducibility strains, and 404 isolates of Candida spp. against
anidulafungin, caspofungin, and micafungin.
• Excellent (100%) essential agreement (within 2 dilutions) between the
reference and colorimetric MICs was observed.
• Categorical agreement ranged from 93.6% (caspofungin) to 99.6%
(micafungin) with less than 1% very major or major errors.
• The YeastOne colorimetric method remains comparable to the CLSI
BMD reference method for testing the susceptibility of Candida spp. to
the echinocandins when using the new (lower) CBPs and ECVs.

• The purpose of this study was to evaluate the performance of caspofungin
Etest and the recently revised CLSI breakpoints.
• A total of 497 blood isolates, of which 496 were wild-type isolates, were
included. A total of 65/496 susceptible isolates (13.1%) were misclassified
as intermediate (I) or resistant (R). Such misclassifications were most
commonly observed for Candida krusei (73.1%) and Candida glabrata
(33.1%)
• This study illustrates the caveats associated with the adoption of reference
breakpoints for commercial methods when MIC distributions do not exactly
mirror one another. In the case of caspofungin Etest, the revised CLSI
breakpoints can be safely adopted for C. albicans, C. dubliniensis, C.
parapsilosis, and C. tropicalis but not for C. glabrata and C. krusei

• Anidulafungin Etest and CLSI MICs were compared for 143 Candida
sp. isolates to assess essential (within 2 log2 dilutions) and
categorical agreements (according to three susceptibility
breakpoints).
• Based on agreement percentages, our data indicated that Etest is
not suitable to test anidulafungin against Candida parapsilosis and
C. guilliermondii (54.4 to 82.4% essential and categorical
agreements) but is more suitable for C. albicans, C. glabrata, C.
krusei, and C. tropicalis (87.9 to 100% categorical agreement).

•

A collection of 98 Candida isolates including 31 fks hot spot mutants were
included. Performance was evaluated using FKS genotype as gold standard
and compared to that of CLSI and EUCAST methodologies.

•

VITEK® 2 misclassified 19.4% (6/31) of the fks mutant isolates as susceptible in
contrast to <4% for each of the reference methods.

•

Correct discrimination between susceptible and intermediately susceptible
Candida glabrata isolates was not possible, as the revised species specific
susceptibility breakpoint was not included in the VITEK® 2 detection range (MIC
of ≤0.250-≥4 mg/L).

•

In conclusion, the VITEK® 2 allowed correct categorization of all wt isolates as
susceptible. However, despite an acceptable categorical agreement, it failed to
reliably classify isolates harbouring fks hot spot mutations as I or R

Key points for the use of commercial tests
for the evaluation of candins susceptibility
• Need to check for each drug-bug combination
• BPs can only be adopted if MICs match the
reference method!
• Sensititre seems to be a good surrogate of
reference methods
• Recommendations for echinocandins
• Anidulafungin and caspofungin Etest with
EUCAST BPs
• VITEK2 problematic: MIC range doesn’t cover
the BP for C. glabrata

Conclusions
• Although resistance to echinocandins is relatively low,
clinicians must remain alert to the possibility of
secondary resistance on treatment
• Future research is needed to establish the extent of
cross-resistance among echinocandins and to determine
the clinical relevance of the MIC
• In particular, future studies should focus to develop
easier and reliable molecular tools that can evaluate
antifungal drug resistance, in order to timely guide
therapy of invasive fungal infections

