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Abstract

Purpose Wound infections caused by Candida are life-threatening and difficult to treat. Echinocandins are highly effective
against Candida species and recommended for treatment of invasive candidiasis. As penetration of echinocandins into wounds
is largely unknown, we measured the concentrations of the echinocandins anidulafungin (AFG), micafungin (MFG), and
caspofungin (CAS) in wound secretion (WS) and in plasma of critically ill patients.

Methods We included critically ill adults with an indwelling wound drainage or undergoing vacuum-assisted closure therapy,
who were treated with an echinocandin for suspected or proven invasive fungal infection. Concentrations were measured by
liquid chromatography with UV (AFG and MFG) or tandem mass spectrometry detection (CAS).

Results Twenty-one patients were enrolled. From eight patients, serial WS samples and simultaneous plasma samples were
obtained within a dosage interval. AFG concentrations in WS amounted to < 0.025-2.25 mg/L, MFG concentrations were
0.025-2.53 mg/L, and CAS achieved concentrations of 0.18—4.04 mg/L. Concentrations in WS were significantly lower than
the simultaneous plasma concentrations and below the MIC values of some relevant pathogens.

Conclusion Echinocandin penetration into WS displays a high inter-individual variability. In WS of some of the patients,
concentrations may be sub-therapeutic. However, the relevance of sub-therapeutic concentrations is unknown as no correla-
tion has been established between concentration data and clinical outcome. Nevertheless, in the absence of clinical outcome
studies, our data do not support the use of echinocandins at standard doses for the treatment of fungal wound infections, but
underline the pivotal role of surgical debridement.

Keywords Echinocandin antifungals - Target-site pharmacokinetics - Wound infection - Invasive candidiasis - Vacuum
assisted closure therapy
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Introduction

Wound infections by Candida occur mainly after surgery,
severe burns or traumatic injuries [1-3]. The outcome of this
devastating and life-threatening condition largely depends
on surgical debridement and on appropriate antifungal treat-
ment [4]. However, the optimal antifungal drug regimen for
Candida wound infections remains to be established [5].
Echinocandins are cyclic hexapeptides, which are highly
effective against most of the pathogenic Candida species.
Based on their efficacy against candidemia, echinocandins
are recommended for the treatment of invasive candidi-
asis by current guidelines [6]. However, there is only one
report on wound penetration of an echinocandin [7]. There-
fore, we measured the concentrations of the commercially
available echinocandins anidulafungin (AFG), micafungin
(MFG), and caspofungin (CAS) in wound secretion (WS)
and in simultaneously drawn plasma samples of critically
ill patients treated with AFG, MFG, or CAS for suspected
or proven invasive fungal infection.

Study population and methods
Study design and patient enrolment

This was an open-label, pharmacokinetic multi-centre study.
The protocol was approved by the local ethics committees
(EudraCT no. 2013-005065-38), and the study was carried
out in accordance with the Declaration of Helsinki and with
Austrian law. Written informed consent was obtained from
competent patients, post-hoc consent from patients who
were incompetent at the time of enrolment.

Consecutive critically ill adults were eligible if they ful-
filled the following inclusion criteria: (1) ongoing echino-
candin treatment with either AFG, MFG, or CAS for sus-
pected or proven invasive candidiasis, and (2) indwelling
wound drainage at any anatomical site or ongoing vacuum-
assisted closure (V.A.C.) therapy.

Echinocandin treatment

AFG (Ecalta®; Pfizer, Sandwich, Kent, UK), MFG (Myca-
mine®; Astellas, Leiderdorp, NL), and CAS (Cancidas®;
Merck Sharp and Dohme, Hoddesdon, Hertfordshire, UK),
respectively, were administered at the discretion of the treat-
ing physician. As recommended by the manufacturer, the
daily maintenance dose of AFG amounted to 100 mg after
a 200-mg loading dose. MFG was given at a daily dose of
100 mg. The standard maintenance dose of CAS is 50 mg
daily after a single-loading dose of 70 mg. Patients with a
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body weight above 80 kg should receive 70 mg daily during
the entire treatment.

Sampling and echinocandin quantification

Samples were taken after the first echinocandin dose or after
multiple doses in accordance with clinical requirements and
the availability of WS. When WS was continuously drained
into collection bags, a highly variable delivery of WS had
to be considered. Whenever sufficient amounts of WS were
yielded within a dosage interval, the bags were changed
before the echinocandin infusion, as well as at 1, 4, 8, 12,
18, and 24 h after the start of infusion, and kept for analysis.
When delivery of WS was insufficient for serial sampling
(<0.5 mL), the collection bag was changed only once or
twice, and taken for echinocandin quantification. In the case
of incomplete serial sampling on the first study day due to
poor WS delivery, additional samples were taken the fol-
lowing day, if available. From patients with two or three
indwelling wound drainages, WS was sampled simultane-
ously from these drains, if available. In patients undergo-
ing V.A.C. therapy, the change of the V.A.C. container was
scheduled according to the clinical requirements and kept
for echinocandin quantification. Simultaneously with the
change of the collection bags or V.A.C. containers, 2 mL
of blood was drawn from the arterial line using heparinized
vials (Sarstedt, Niimbrecht, Germany). Whole blood was
centrifuged at 350 X g for 10 min to obtain plasma. WS and
plasma were stored at — 80 °C until analysis. As detailed
in Online Resource 1, AFG and MFG were quantified by
high-performance liquid chromatography with UV detec-
tion [8]; whereas, CAS concentrations were measured by
means of liquid chromatography-tandem mass spectrometry
(LC-MS/MS).

Data analysis

Echinocandin pharmacokinetics were calculated by a non-
compartmental model using Kinetica 2000® (InnaPhase
Corporation, Champs-sur-Marne, France). The area under
the concentration—time curve from the start of the echino-
candin infusion to the last sampling (AUC,_,) was com-
puted using the log-linear method when the concentration
in a trapezoid decreased, or with the trapezoidal method if
the concentration increased. When serial WS samples had
been obtained within the dosage interval, the penetration
ratio (PR) was defined as the ratio between the AUC,,_, over
the same sampling period in WS and in plasma (AUC,,_,
ws/ AUC .y plasma)- For single samples, the PR was the ratio
between the WS concentration and the plasma concentration
(Cy/C. ). The significance of the differences between

plasma

WS and plasma concentrations of AFG, MFG, or CAS was



749

Penetration of echinocandins into wound secretion of critically ill patients

UOISNJUT UTPUBDOUIYDR Y} JO JIBIS Y} WOIJ SAIND dWI—UONEIUIDUOD dY) Jepun eare “0Hny

Ade1oy) urpuLOOUIYOS JO UOHEHIUL Ay} 210§3q Y T PI[[LISUT U3 PEY JSISIUED "D'Y'A U3 asneddq A[qeqoid “J/Sw ¢7('( > SeM UOHIIOIS PUNOM UI UOHEHUIIUOD DAV YL,

105 uondiosqe ue SurureIuod 1)SIUEI (") Y'A) AINSO[D PAsIsse-wnnoea e ur (/ juaned) y 08 10 ( Juened) /] J9A0 PI)IS[[0D UIDG PBY UOIIRIIAS PUNOM ,

Kep Surmorjoy sy1 d[qrssod sem Surdures [er1ss 1nq ‘Aderoyy DIV Jo O] Aep uo paureIqo 3q pnod Ired Spduwes [Fuls duo A[uo ‘¢ Jusned 10,

1018 Aep suo uaye) a1om sired sjdwres [euonippe oml ‘a10jaray) ‘ayo[dwoour sem Aep Apnis 1s1y oy uo Jurdwres [er1ds ‘g Juaned 104,

xvut

' 03 own 1 ‘uonenuaduod yead UrpuBdOUIYId

WA “pwuserd pue uoneaides punom jo Surjdures

oner uonenouad yg ‘Surdues jse[ oy 03

0} UOISNJUT UIPULDOUIYIS Y} JO 1Ie)S dY) WOI dw) uoisnfur woLf auiy ‘Surduwres jse] ay) 0} JsIy ay) wolj swn poriad Suijduing “9sop SuIpeo] (777 ‘9Sop dduUBUIUIRW (74 ‘UISUNJe[npIuE 7y

$$'0-920°0> 617860 1T¢-6200> Lt L1-¢ o3uey
LEO 6l'¢ 0¢'1 $9 $9 UBIPIJA
920'0> 86°0 §c0'0> Lt C (00z *dD 001 ‘AN pol
00 S 1€°0 S¢Sl € (00z *dD 001 ‘AN 9
50 ol'¢ ILT ¥ LT (00z *aD 001 ‘AN S
6C0 LLT 18°0 € 91 (00z *dD 001 ‘AN o
8¥°0 Y0'Y Y6'1 g'lc ol (00z *dD 001 ‘AN q€

LEO IS¢ 0¢'1 $9
€50 oIy Ice [4 C (00z *dD 001 ‘AN vC

(1/3w)
uonenuadU0d HJVY (7/3wr) UONENUADIUOD OV
Nd ewse[d UOIQAIOdS PUNOA  (U) UOISNUI WOIJ QWIL], jusunean Dy jo Aeq (Kep/3w) 9sop DAY ON Juaned
Surdwes 9[3urg
8C°0-11°0 61'911-9L°€S SI-1 60t LY'ST—C8'9 80 §TT €0 11! -1 a3uey
o cL09 I €59 {34! 8 LT v € UBIPIJA
o 61911 Sl €59 Ly'ST 0 LT 14 1T (00Z “‘dD 001 ‘AN qf
8C°0 9L'€S I 9’6 {34! 8 §Te cl 1 (00Z *‘dD 001 ‘AN vC
170 cL09 I Y0 89 8 €e0 14 € (00z *‘aD 001 ‘AN I
(Tux3w) DAy W™z (Bw) ™o (TuxSw) ony (WYL (18w D)
(y) porxad juduwedn)

Ad rUISB[J UOTIOIOIS PUNOA Surdwes DV jo Aeq (Kep/3ur) asop DIV ON Juaned

Surdwes [eLog

ewse[d pue uonaI1oas punom jo sofduwres o[3urs pue sojduwres [eL1ds Ul urSunje[npiuy | 3jqel

pringer

a's



T. Gasperetti et al.

750

0} UOTSNJUT UIPUBIOUIYDR 3} JO 1IB)S ) WOIJ SAIND SWN—UOTENUIIUOD 3} Iopun eare “0Hny

SUIRIP [EULISEIPW JUSISYIP 9o1y) woyy swh Surjdures swes ay) 18 pajos[[0d a1om so[dures uonaross punom 331y} ‘7| uaned 104,

Y ¢t 1oy oeyd ut pjoy pue [o8 uondiosqe ue SUTUIEIUOD I)SIULD (*) Y'A) SINSO[O PA)SISSE-WNNIBA € UI PIJII[[0I U PEY UONAINAS punom ‘|1 juened 104,

«Xew

QUO ISYJO oY) WOIJ paure}qo sem drduwres [3urs
U0 A[UO J[IYM ‘SITRUTRIP OM) SY) JO BUO WOIJ PIJOR[[0 d1oM sd[duues [el1eg Aep Apnis Suwies oY) UO SITRUIRIP JUAIJIP OM) WO USYe) d1om (O pue 6 Jusned jo sojdures UONLIdRS PUNOM YL,

SOJIS [RUTIOPQE OM] J& POIIASUT U0dq pey SaSeureIp UOTAIOds punom om ‘g juened 10,4,

5 0) oum xput

oner uonenouad yg ‘Surjdwes jse[ oy

‘[ ‘uonenuaduod yead urpuesouryde 5 ‘ewserd pue uonardes punom jo Surd

-Wes 0} UOISNJul UIPUBOOUIYdd Y] JO 1Iels Y WOl wn uoisnfur wo.f au ] ‘Surjdwes ise[ 9y3 0} ISIY Y} Wolj awn porad Suijduing ‘9sop SUIPeo] (777 ‘9SOp OUBUIUIRW (7j4 ‘UISUNJeIIW )] A

9¢'€=€00 LSV1E0 Y1'1-620°0 Yi-1¢ 9—¢ o3uey

0€0 08°0 0 €4 € UBIPIN

170 LSy 87°0 ¥C S 001 €l
150 08°0 840
150 08°0 840

150 08°0 170 ¥C [4 001 pCl

9¢'e €0 140! 1C S 001 ol

00 8L°0 §c00 ¥C € 001 q01

0€0 9I'C §9°0 ¥C 9 001 q6
(7/3ur) uONENUAOUOD DN (7/3wr) uoNENUAOUOd DN

d rwISe[d UOTAI9S PUNOM (Y) uorsnjur woiy oy, juaunean DA Jo Aeq (Kep/3wr) asop DI ON Juaned

Surdwes o[3urg

¢L'0=€00 08°68-9¢°0% -1 eV’ L-LTY 90°CS—Iv'l C1=8 £6°C-60°0 Yiv¢ 61—¢ a3uey

LT0 0cCL I 0T'L eV 1e 4! 12! e 9 UBIPIA

€00 9¢0r I LTY 7'l 8 600 e € 001 Q0T

10 0568 I €L 1781 4! L6°0 e 9 001 q6

Lo 0cCL I 0T'L 90°CS 4! £6°¢
¥e0 0cCL I 0T'L 'vC 4! 69°1 YT 61 001 v
(1ux3w) NV (W ™ (1/8w) **D (Tux3w) DNV (W L (1/8w) D
(y) porrad juouEeaI) (Kep/3wr)
Ad BUISB[] UOTIOIOAS PUNOA Surdureg DI Jo e 3sop DA ON Juaneq

Surdwes [erog

ewise[d pue uona1d9s punom jo sajdwes o[3urs pue sojduwres [er19s ur uISunjedstjy ¢ sjqel

pringer

Qs



Penetration of echinocandins into wound secretion of critically ill patients

751

calculated with the Wilcoxon matched-pairs test. The sig-
nificance of the differences between the concentrations of
AFG, MFG, and CAS and between the PRs of the three echi-
nocandins was assessed with the Mann—Whitney U test and
Bonferroni correction. PRs calculated from AUC,,, ,,/AUC
0-n plasma @0d Cy/ Cpjaimy Were considered in equal measure.
The IBM SPSS® Statistics software version 26.0 (Armonk,
NY, USA) was used for the statistical calculations.

Results
Study population

Twenty-one patients were enrolled in this study. Eleven were
females. The characteristics of the study patients and the
detail of sampling are summarized in Online Resource 2.
A total of 70 sample pairs (WS and plasma) were analysed.
Serial sample pairs, allowing for calculation of echinocan-
din pharmacokinetics in WS and in plasma, were obtained
from eight patients. Three of these patients were on AFG,
three on MFG, and two on CAS. From seventeen patients,
single sample pairs were collected at different times from
echinocandin infusion (Online Resource 2, Tables 1, 2 and
3). Candida species were isolated from WS of nine study
patients (Online Resource 2). Minimal inhibitory concentra-
tions (MICs) of six isolates were determined by E-test® and
amounted to 0.002-0.38 mg/L. Four patients presented can-
didemia. Ten patients were discharged from hospital within
4 months after start of echinocandin therapy, while eleven
patients died in ICU or in hospital (Online Resource 2).

Echinocandin concentrations and pharmacokinetics

In WS, echinocandin concentrations were lower than in
plasma (P value <0.0001). The AFG concentrations in
WS samples ranged from <0.025-2.25 mg/L, and the
MFG concentrations were 0.025-2.53 mg/L. In the cor-
responding plasma samples, the AFG concentrations were
0.98-9.46 mg/L, and the MFG concentrations amounted to
0.34-7.43 mg/L. CAS achieved higher concentrations with
0.18-4.04 mg/L in WS and 1.84-23.60 mg/L in plasma (P
value <0.002 and < 0.05, respectively). There was no sig-
nificant difference in PRs between the three echinocandins
(P value>0.05, Tables 1, 2 and 3).

Serial sampling revealed a slower rise and decline of echi-
nocandin concentrations in WS than in plasma. The area
under the concentration—time curve over 24 h (AUC,_,,)
for AFG in WS was 6.82 and 25.47 mg X h/L on day 3 and
11, respectively, and amounted to 1.41 and 52.06 mg X h/L
for MFG on day 3 and 19, respectively. For CAS, an AUC
o0-13 0f 53.28 and an AUC,, ,, of 56.90 mg X h/L were deter-
mined (treatment day 3 and 7, respectively). In plasma, the

respective AUC values amounted to 53.76-116.19 mg x h/L
for AFG, 40.36-89.50 mg x h/L for MFG, and
70.46-277.97 mg x h/L for CAS (Tables 1, 2 and 3).

The single sample pairs, which were taken on various
treatment days and at different time from infusion, yielded
highly variable echinocandin concentrations and PRs. The
median PR was 0.37 for AFG, 0.30 for MFG, and 0.12 for
CAS (differences not significant, see Tablesl, 2 and 3).

Discussion

Yamada et al. reported a MFG concentration of 4.42
(3.90-4.93) mg/L with a PR of 0.46 (0.40-0.51) [median
(range)] in WS of a critically ill patient, two to four hours
after infusion of a 150-mg dose at steady state [7]. So far,
this has been the only report on penetration of an echinocan-
din into WS. A MFG concentration of 0.38 mg/L was meas-
ured in pancreatic pseudocyst fluid on the seventh day of
therapy with 100 mg of MFG daily [9]. In burn eschar, MFG
reached median concentrations of 0.5-4.0 mg/L [10-13]. A
necrotizing fasciitis caused by C. albicans following thy-
roidectomy healed under AFG therapy combined with surgi-
cal debridement [1]. Azoles and amphotericin B were also
applied for treatment of fungal wound infections [14]. In
WS of two patients treated with liposomal amphotericin B
(5 mg/kg daily) for 4 and 15 days, respectively, amphotericin
B concentrations were between 0.2 and 3.0 mg/L. Voricona-
zole achieved concentrations of 0.6-2.7 mg/L in WS of one
of the patients [15].

MICs of echinocandins were determined in Candida
isolates from wounds of six of our study patients. All the
MICs were below the echinocandin concentrations meas-
ured in WS of these patients. /n-vitro MIC values of echi-
nocandins range from <0.008 to 1.0 mg/L for C. albicans
and C. glabrata, from 0.03 to 0.25 mg/L for C. krusei, and
from <0.5 to 2.0 mg/L for C. lusitaniae [16]. The pharma-
cokinetic-pharmacodynamic target parameter that best cor-
relates with the efficacy of echinocandin treatment is the
ratio between the AUC,,, and the MIC of the pathogen
(AUC,,/MIC) [17, 18]. Andes et al. reported a fungistatic
effect on Candida species for AUC,,/MIC ratios exceeding
2,782 for AFG, 5,299 for MFG, and 748 for CAS [17]. We
calculated this ratio when serial samples over 24 h had been
obtained and Candida had been cultivated from a wound.
The AUC,,,/MIC ratio achieved in patient 3, who had
been treated with AFG, and in patient 15 treated with CAS,
amounted to 1,592, and 14,225, respectively, suggesting an
adequate local exposure for patient 15, but not for patient 3.

Some limitations of our study must be considered. WS
was collected from different anatomical sites via conven-
tional drainage or during V.A.C. therapy, resulting in con-
siderable heterogeneity of WS. The high viscosity of some
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of the WS samples hampered the measurement. Differences
in WS composition, particularly in protein and lipid content,
might have affected the distribution of echinocandins [19].
The plasma protein binding of CAS amounts to 96% which
is lower than that of AFG (99%) and MFG (99.9%) [19]. In
the present study, we measured the total drug concentration
only, without discrimination between the protein-bound and
free echinocandin fraction. The larger free fraction of CAS
might favour target site penetration. Accordingly, CAS has
achieved higher WS concentration than AFG and MFG. But
the PR of CAS was not significantly different from the PRs
of AFG and MFG, probably, because also the plasma con-
centrations of CAS exceeded AFG and MFG plasma levels.
In WS, however, the extent of protein binding of echinocan-
dins is unknown, but it might largely affect their antifungal
activity. Our study population comprised of critically ill
patients presenting with quite different underlying diseases,
comorbidities, and constitution. This might have contributed
to the high inter-individual variability of echinocandin WS
concentrations [20-23]. This variability impedes the inter-
pretation of our findings but largely reflects the situation in
critical care medicine. In critically ill patients, highly varia-
ble pharmacokinetics of AFG, MFG, and CAS was reported
even for serum pharmacokinetics [24]. Furthermore, sam-
ples were taken after different treatment duration, and six
of our twenty-one study patients (patient 1, 2, 6, 7, 12, and
20) had not yet reached steady state. From thirteen patients,
we obtained only single sample pairs at different times from
echinocandin infusion. Thus, the interval between adminis-
tration and sampling affected PR because of hysteresis [25].
V.A.C. canisters were in place for up to 80 h (patient 7, day 2
of AFG therapy). Echinocandin concentrations measured in
these samples might, therefore, reflect average WS concen-
tration that was influenced by significant dilution. Chemical
degradation of echinocandins cannot be ruled out in WS
obtained from V.A.C. canisters. The relevance of in-vitro
MIC values for WS is unknown. Thus, WS concentrations
exceeding in-vitro MICs do not prove their antifungal effi-
cacy at target-site. Only four of our study patients presented
candidemia. Candida was isolated from WS of nine study
patients representing probably colonization. Candida was
cultivated from both blood and WS of two patients. Our
study addressed target-site penetration and pharmacokinetics
of echinocandins and was, therefore, not designed and not
powered for the assessment of clinical outcome.
Controlled clinical trials on medical treatment of fungal
wound infections have not yet been published. The few
available data on WS penetration of antifungal drugs as
well as the results of the present study suggest a highly
variable but limited accessibility of WS. Reliable efficacy
of echinocandins applied at standard doses against fun-
gal wound infections can be anticipated only when the
causative pathogen is highly susceptible. Thus, timely

and thorough surgical debridement has probably a pivotal
role in this condition. In addition, high-dose echinocan-
din treatment, e.g. caspofungin 150 mg daily, could be
considered under close monitoring for toxicity [26]. This
approach, however, will require evaluation in clinical out-
come studies.

Conclusions

Echinocandin penetration into WS displays a high inter-indi-
vidual variability. In WS of some of the patients, concen-
trations may be sub-therapeutic. However, the relevance of
sub-therapeutic concentrations is unknown as no correlation
has been established between concentration data and clinical
outcome. Nevertheless, in the absence of clinical outcome
studies, our data do not support the use of echinocandins at
standard doses for the treatment of fungal wound infections
but underline the pivotal role of surgical debridement.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s15010-021-01604-x.
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