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Abstract
What is known and objective: Anidulafungin, caspofungin and micafungin are three 
widely used echinocandin drugs licensed for the treatment of invasive fungal infec-
tions, and their clinical use is widespread. To evaluate pharmacokinetic/pharma-
codynamics variability of echinocandins in critically ill patients by comparing the 
differences in pharmacokinetic parameters between critically ill patients and healthy 
volunteers or general patients.
Methods: MEDLINE, EMBASE, The Cochrane Library and Pubmed were searched 
from inception until 6 September 2018. Studies investigating the pharmacokinetic 
parameters of echinocandins in critically ill patients, healthy volunteers or general 
patients were included. Our primary outcomes included AUC0-24 h, Cmax and Cmin 
(24 hours). Two reviewers independently reviewed all titles, abstracts and text, and 
extracted data. We applied R software (R 2017) to conduct meta-analysis.
Results and discussion: Of 3235 articles screened, 17 studies were included in the 
data synthesis. Descriptive data from single-arm studies show that critically ill pa-
tients who received caspofungin had more stable AUC0-24 h than those who received 
anidulafungin and micafungin. The Cmax of critically ill patients who received caspo-
fungin and micafungin was similar to healthy volunteers. However, the Cmax in criti-
cally ill patients who received anidulafungin was lower than in healthy volunteers. 
The Cmin and T1/2 of critically ill patients who received caspofungin were larger than 
in healthy volunteers. The Vd and CL of critically ill patients receiving anidulafungin 
and micafungin were larger than in healthy volunteers.
What is new and conclusion: This systematic review provides an analysis of the phar-
macokinetic/pharmacodynamics variability of echinocandins in critically ill patients. 
Based on the limited data available, caspofungin has less pharmacokinetic/pharma-
codynamics variability than anidulafungin and micafungin.
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1  | WHAT IS KNOWN AND OBJEC TIVE

Echinocandins are the newest addition to the antifungal agents.1 
Currently, anidulafungin, caspofungin and micafungin are three 
echinocandin drugs licensed for the treatment of invasive fungal in-
fections, and their clinical use is widespread.2 Echinocandins are the 
first-line treatment for candidemia or invasive candidiasis, and have 
better safety and tolerability profiles.3,4 Echinocandins inhibit 1, 
3-β-D-glucan synthase, being selective and non-competitive inhibi-
tors of the essential components of the fungal cell wall biosynthesis, 
making it easy to lysate.5 As the enzyme is not present in the cell 
wall of mammalian cells, the echinocandins do not elicit their activity 
on these cells, which explains the very few side effects and adverse 
events associated with echinocandin therapy compared with other 
mainstay antifungal agents, such as amphotericin B and the azole 
class of antifungal drugs.3

As a class, the echinocandins possess many pharmacokinetic sim-
ilarities. Due to their high molecular weight, all three echinocandins 
exhibit poor oral bioavailability, and hence, they are administered 
as intravenous formulations.6 They all have high protein binding 
(>90%), which contributes to their long half-lives. They distribute 
well in tissues including lung, liver and spleen. However, they do not 
penetrate into the brain, cerebrospinal fluid and eyes (except for mi-
cafungin, which penetrates into the eye) due to their high molecu-
lar weight and extensive tissue protein binding.7,8 All echinocandins 
display linear pharmacokinetics after intravenous administration.7 
Anidulafungin undergoes slow metabolic degradation over a period 
of time under physiological conditions to form a ring-opened chemi-
cal moiety that is then degraded by hydrolysis and N-acetylation and 
eliminated primarily in the faeces.9 Caspofungin undergoes hepatic 
metabolism via peptide hydrolysis and N-acetylation, and its metab-
olites are then eliminated in both urine and faeces.10 Micafungin, 
however, is degraded by the arylsulfatase and catechol-O-methyl-
transferase enzymes in the liver, and its metabolites are eliminated 
in faeces.11

For anidulafungin, the recommend standard dose is 200 mg on 
day 1 (loading dose) and 100 mg once daily on subsequent days 
(maintenance dose). For caspofungin, the standard dose is 70 mg 
as a single loading dose, followed by a maintenance dose of 50 mg, 
or 70 mg once daily. For micafungin, the standard dose is 100 mg 
once daily for the treatment of invasive candidiasis, 150 mg for 
the treatment of oesophageal candidiasis and 50 mg once daily 
for candida prophylaxis. More recently, several pharmacokinetics 
studies in critically ill patients revealed that standard dosages of 
echinocandins were frequently associated with lower drug expo-
sure (AUC and Cmax), which can result in sub-optimal efficacy, es-
pecially for infections with less susceptible stains (such as Candida 
albicans or Candida glabrata strains).12-15 Thus, based on their data, 
the standard dose may be insufficient for critically ill patients, 
suggesting that the dose of echinocandins should be adjusted ac-
cording to their pharmacokinetic variability. This approach needs 
to be confirmed with a larger data set. Therefore, the purpose 
of this systematic review is to evaluate the pharmacokinetic/

pharmacodynamic (PK/PD) variability of echinocandins in criti-
cally ill patients.

2  | METHODS

The systematic review and meta-analysis were conducted in alli-
ance with the Cochrane Handbook of Interventional Reviews and 
reported in accordance with PRISMA standard.

2.1 | Inclusion and exclusion criteria

Phase II studies were included in this systematic review. Critically 
ill patients, or general patients (referring to other non-critically ill 
patients) or healthy volunteers (aged above 18 years old, without 
limitations placed with regard to weight and sex), with a diagnosis 
defined by original studies were included in this study. Any study 
which applies anidulafungin at a loading dose of 200 mg on day 1 
followed by 100 mg/day maintenance therapy, or caspofungin at a 
loading dose of 70 mg on day 1 followed by 50 mg/day maintenance 
therapy, or micafungin 100 mg or 150 mg per day was included in 
this systematic review. The steady-state PK/PD of these three drugs 
in critically ill patients was compared with those in healthy control. 
All data gathered was analysed after achievement of steady-state 
pharmacokinetics. Our primary outcomes are AUC0-24 h (mg·min/
mL), Cmax and Cmin (24 hours). Secondary outcomes include T1/2, total 
clearance (CL) and volume of distribution (Vd).

2.2 | Trial searching and study screening

We undertook an electronic search on 6 September 2018, in 
MEDLINE via Ovid SP, The Cochrane Library, EMBASE via Ovid SP 
and Pubmed. The search strategy was developed by an information 
specialist and presented in Appendix S1. There was no limitation 
placed with respect to language, document type and publication sta-
tus. We also inspected the references of relevant systematic reviews 
to identify additional study.

Two reviewers screened the search results. Disagreements were 
resolved by discussion with assistance from a third party if neces-
sary. A PRISMA flow diagram was constructed to show the full study 
selection process.

2.3 | Data extraction and management

Data from each study were extracted independently by two sepa-
rate reviewers using a standardized data extraction form. Any disa-
greements were resolved by discussion, with assistance from a third 
party if necessary. We extracted all relevant characteristics of in-
cluded studies, including: general study characteristics: first author, 
title and publication year; population characteristics: sample size, 
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age, sex and BMI; clinical characteristics: diagnosis, kidney func-
tion, sepsis, artificial internal organ, continuous renal replacement 
and hypoproteinemia; interventions: type of study drugs, dosage, 
frequency and combination with other medication; and outcome 
data.

2.4 | Data synthesis

We applied R software (R 2017) to conduct the meta-analysis. Then, 
we combined outcome data derived from controlled studies and 
single-arm studies separately. We used a random-effects model for 
all meta-analysis. We considered and fully discussed the clinical and 
methodological heterogeneity. We investigated the statistical heter-
ogeneity based on I2 and chi-square statistics. An I2 estimate greater 

than or equal to 50% accompanied by a statistically significant chi-
square statistic was interpreted as evidence of substantial levels of 
heterogeneity. Where a substantial heterogeneity was found, we 
would explore potential sources.

3  | RESULTS

3.1 | Study screening

The trial search identified 3235 references and 2177 references 
were left after removing duplicates. In addition, we screened 4 ref-
erences from relevant systematic reviews. Finally, 17 articles were 
eligible for meta-analysis.12,15-30 The study screening process was 
presented in Figure 1.

F I G U R E  1   Study screening flow diagram
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3.2 | Characteristics and quality of included studies

We included 17 studies with 383 participants. The study sample size 
ranged from 8 to 74. All critically ill patients were diagnosed with in-
vasive fungal infections or suspected with invasive fungal infections 
with BMI ranging from 16.2 to 51.3. Four studies 12,15,26,27 included 
patients with hypoproteinemia. Two studies 15,27 reported the liver 
function of included participants with mild to severe level of liver 
dysfunction. Four studies 15,25-27 included some patients with kid-
ney dysfunctions. Six studies 12,15-17,25,27 included mixed population 
with or without continuous renal replacement. Other studies did not 
report the above information (Table 1). All studies were rated as high 
risk of bias, as the included studies were single-arm studies.

3.3 | Estimate of effect

3.3.1 | Area under the drug concentration-time 
curve from 0 to 24 h (AUC0-24 h)

Sixteen studies12,15-24,26-30 reported this outcome. The result 
showed that when receiving anidulafungin (a loading dose of 200 mg 
on day 1 followed by 100 mg/d maintenance therapy), critically ill pa-
tients had a somewhat lower AUC0-24 h at steady-state than healthy 
volunteers (Figure 2); when receiving caspofungin (a loading dose of 
70 mg on day 1 followed by 50 mg/day maintenance therapy), criti-
cally ill patients had similar AUC0-24 h at steady-state with healthy 
volunteers (Figure 2); when receiving micafungin 100 mg per day, 
critically ill patients had lower AUC0-24 h at steady-state than healthy 
volunteers (Figure 2). However, critically ill patients who received 
micafungin 150 mg per day had similar AUC0-24 h at steady-state with 
healthy volunteers.

3.4 | Maximum concentration (Cmax)

Thirteen studies 12,16-22,24,25,27-29 reported this outcome. The results 
showed that when receiving anidulafungin, critically ill patients had 
a somewhat lower Cmax at steady-state than healthy volunteers 
(Figure 3). When receiving caspofungin (a loading dose of 70 mg on 
day 1 followed by 50 mg/d maintenance therapy), critically ill pa-
tients had similar steady-state Cmax to healthy volunteers (Figure 3). 
When receiving micafungin 150 mg per day, critically ill patients had 
similar steady-state Cmax with healthy volunteers (Figure 3).

3.5 | Minimum concentration (Cmin)

Ten studies 12,16,17,20-22,25-28 reported this outcome. The results 
showed that when anidulafungin was administered at a loading dose 
of 200 mg on day 1 followed by 100 mg/d maintenance therapy, the 
steady-state Cmin in critically ill patients was similar with healthy 
volunteers (Figure 4). When caspofungin was administered at a 

loading dose of 70 mg on day one and followed by 50mg per day at 
maintenance therapy, steady-state Cmin in critically ill patients was 
somewhat larger than healthy volunteers (Figure 4). The data on mi-
cafungin steady-state Cmin in critically ill patients were not yet avail-
able due to variation in management of medication, measurement 
time points and calculation models.

3.6 | Half-life (T1/2)

Eleven studies 12,15,17,18,20,22,23,27-30 reported this outcome. The re-
sults showed that when anidulafungin was administered at a load-
ing dose of 200 mg on day 1 followed by 100 mg/d maintenance 
therapy, the steady-state T1/2 in critically ill patients was similar 
with healthy volunteers. When caspofungin was administered at a 
loading dose of 70 mg on day 1 followed by 50 mg/d maintenance 
therapy, the steady-state T1/2 in critically ill patients was somewhat 
longer than healthy volunteers. When micafungin was administered 
at the dose of 100 mg daily, steady-state T1/2 of critically ill patients 
was similarly with healthy volunteers. The available T1/2 data were 
summarized in Table 2.

3.7 | Total clearance

Eight studies12,19-23,26,29 reported this outcome. The results showed 
that when receiving anidulafungin, critically ill patients had larger CL 
at steady-state than healthy volunteers. When receiving micafungin 
at 100 mg per day, critically ill patients had slightly larger CL at 
steady-state than healthy volunteers. The data on caspofungin and 
micafungin (150 mg per day) steady-state CL were not yet available 
due to variation in management of medication, measurement time 
points and calculation models. The available CL data were summa-
rized in Table 2.

3.8 | Volume of distribution

Six studies 12,18,21,23,26,29 reported this outcome. The results showed 
that when receiving anidulafungin, critically ill patients had a much 
larger steady-state Vd at steady-state than healthy volunteers. When 
receiving micafungin 100 mg per day, critically ill patients had larger 
Vd at steady-state with healthy volunteers. The available steady-
state Vd data were summarized in Table 2.

4  | DISCUSSION

Very low quality of evidence showed that compared with the phar-
macokinetics of echinocandins in healthy volunteers, (a) the AUC0-24 

h in critically ill patients who received anidulafungin and micafungin 
was somewhat lower than that in healthy volunteers; the AUC0-24 h in 
critically ill patients who received caspofungin was similar to or even 
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higher than that of healthy volunteers; (b) the Cmax in critically ill 
patients who received anidulafungin was lower than that in healthy 
volunteers; however, Cmax in critically ill patients who received 
caspofungin and micafungin was similar to healthy volunteers; (c) the 
Cmin in critically ill patients who received anidulafungin was similar 
to healthy volunteers; the Cmin in critically ill patients who received 
caspofungin was somewhat higher than that in healthy volunteers. 
Whether Cmin in critically ill patients who received micafungin is 

different from that in healthy volunteers remains unclear due to 
incomparable data; and (d) The T1/2 in critically ill patients who re-
ceived anidulafungin or micafungin was similar to healthy volun-
teers; the T1/2 in critically ill patients who received caspofungin was 
somewhat longer than that in healthy volunteers.

Echinocandins exhibited concentration-dependent effects on 
Candida species, and preclinical studies supported the administra-
tion of large, infrequent doses. The efficacy of echinocandins is 

F I G U R E  2   Meta-analysis of AUC0-24 h 
of different types of echinocandins in 
critically ill-patients steady state
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mainly related to the ratio of AUC0-24 to the MIC of the microor-
ganism (AUC0-24/MIC ratio).31 Consequently, AUC0-24/MIC ratio of 
echinocandins is considered as the PK/PD index target to predict 
efficacy. In critically ill patients, pathophysiological or iatrogenic 
conditions may result in variations in extracellular volume and drug 
pharmacokinetics.32 These physiological changes may affect the dis-
tribution, metabolism and elimination of echinocandins. Therefore, 
dose adjustments should be mandatory. Recently, clinical studies in 
critical patients showed that standard dosages of echinocandins in 
critical patients were frequently associated with lower drug expo-
sure, which can result in sub-therapeutic AUC0-24/MIC ratios.12-15 
The aforementioned data revealed that AUC0-24 h in critically ill pa-
tients who received anidulafungin or micafungin was lower than that 
in healthy volunteers, but AUC0-24 h in critically ill patients who re-
ceived caspofungin was similar to or even higher than that in healthy 
volunteers. Consistently with the characteristics of AUC0-24 h, the 

T1/2 in critically ill patients who received anidulafungin or micafungin 
was also similar to that in healthy volunteers, but the T1/2 in critically 
ill patients who received caspofungin was longer than that in healthy 
volunteers. Several factors could explain the differences on AUC0-

24 h variability between the three echinocandins drugs. One of the 
factors is the influence of hypoalbuminaemia. Hypoalbuminaemia is 
very common in critically ill patients, with reported incidences as 
high as 40%-50%.33 The three echinocandins drugs are highly bound 
to plasma protein before absorption (99% in anidulafungin, 96.5% 
in caspofungin and 99% in micafungin).34,35 In patients with hypoal-
buminaemia, the unbound proportion of highly protein-bound drugs 
will increase because of the decrease in available binding sites. As a 
result, it will lead to the increasing elimination of drugs due to the 
increases in CL of unbound proportion.33 Different from the other 
two echinocandins drugs, the absorption of caspofungin requires 
the lowest protein binding ratio, which partially explains the stability 

F I G U R E  3   Meta-analysis of Cmax 
of different types of echinocandins in 
critically ill-patients steady state
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F I G U R E  4   Meta-analysis of Cmin 
of different types of echinocandins in 
critically ill-patients steady state

Population Anidulafungin Caspofungin Micafungin

Vd of different types of echinocandins (Mean, 95%Confidence Interval, L)

Dosage 200/100 mga  
steady state

70/50 mgb  at 
steady state

100 mg/d at 
steady state

150 mg/day at 
steady state

Critical ill 
patients

41.24
(34.83-47.64)

N/C 259.00
(234.46-283.54)c 

N/C

Healthy 
volunteers

32.59
(28.35-36.83)

215.00
(204.26-225.74)c 

T1/2 of different types of echinocandins (Mean, 95%Confidence Interval, h)

Critical ill 
patients

31.24
(13.21-49.26)

18.41
(16.07-20.74)

14.79
(12.86-16.72)

N/C

Healthy 
volunteers

30.46
(11.45-49.47)

10.58
(9.8-11.36)

16.40
(15.44-17.36)

CL of different types of echinocandins (Mean, 95%Confidence Interval, L/h for Anidulafungin, 
mL/h/kg for Micafungin)

Critical ill 
patients

1.28
(1.12-1.44)

N/C 12.20
(10.84-13.56)c 

N/C

Healthy 
volunteers

0.96
(0.85-1.06)

10.40
(9.62-11.18)c 

Note: N/C: no comparable data.
aA loading dose of 200 mg on day 1 followed by 100 mg/d maintenance therapy. 
bA loading dose of 70 mg on day 1 followed by 50 mg/d maintenance therapy. 
cThe unit for these values are mL/h/kg. 

TA B L E  2   Vd, T1/2 and CL of different 
types of echinocandins
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of its pharmacokinetic effect in critically ill patients and healthy vol-
unteers. Critically ill patients frequently demonstrate a systemic in-
flammatory response syndrome, which ultimately leads to fluid shift 
and fluid overload. For hydrophilic drugs, these processes may lead 
to a large increase in Vd. In contrast, Vd for lipophilic drugs is often 
not significantly influenced by such fluid shift.36 For micafungin, 
aqueous solubility is nearly 10 times larger than caspofungin.2 
Hence, fluid shift and aqueous solubility of micafungin exert a larger 
pharmacokinetic effect on micafungin in critical patients appearing 
as increase in Vd and decrease in AUC0-24 h.

These findings prove that caspofungin, when being administered 
at a 70 mg loading dose on day 1, followed by 50 mg, is sufficient 
for most critically ill patients. Furthermore, a higher Cmin in critically 
ill patients than the target concentration of 1 μg/mL is used as an 
indication of efficacious concentrations.28 The present study as-
sessed the recommended dosing regimens of echinocandins in criti-
cally ill patients, general patients and healthy volunteers. Micafungin 
100 mg dose is associated with a very low probability of attaining the 
target AUC/MIC value in the case of infection due to C albicans or 
C glabrata with MIC ≥0.015 μg/mL, as well as in almost all cases of in-
fection due to Candida parapsilosis.37 Previous research showed that 
for C albicans, cumulative fraction of response (CFR) for caspofungin 
(70/50 mg), micafungin (100 mg) and anidulafungin (200/100 mg) 
were 95.8%, 13.5% and 50.5% in ICU patients and 96.3%, 42.4% 
and 61.6% in general patients, respectively; for C glabrata, CFRs 
were 99.4%, 90.6% and 44.6% in ICU patients and 99.5%, 97.1% and 
59.8% in general patients. For C parapsilosis, CFRs of echinocandins 
for standard regimens were <70%; only caspofungin 100 mg daily 
achieved the target CFR.38 Therefore, the recommended dosing 
regimen of caspofungin is an appropriate choice as it is associated 
with higher probability of achieving the target PK/PD in critical pa-
tients. As a result, we can speculate the suitability of caspofungin at 
a loading dose of 70 mg on day one and followed by 50mg daily dose 
for critical individual. These findings also suggest that anidulafungin 
being administrated at a loading dose of 200 mg on day 1 followed 
by 100 mg daily or 100 mg micafungin daily may reveal inadequate 
antifungal treatment.

As all included studies were single-arm cohort studies, all studies 
were rated as high risk of bias. These biases also affected the qual-
ity of meta-analyses. Besides these, small total sample size and un-
explainable heterogeneity between studies also impacted the quality 
of evidence body. For pharmacokinetic parameters, the difference in 
pathology and physiology conditions of participants, different pharma-
cokinetic modelling applied in included studies, and the indirectness on 
interpreting results may also affect our confidence on these findings.

5  | WHAT IS NE W AND LIMITATIONS

This study has certain strengths: firstly, the search strategy was 
developed by a professional information specialist; in addition, we 
searched both electronic databases and the references of relevant 
systematic reviews. These actions allowed us to collect as many 

relevant trials as possible; secondly, the study screening and data 
extraction process were conducted independently by two research-
ers to minimize bias. Up to now, we have not discovered a systematic 
review and meta-analysis analysing the PK/PD variability of echino-
candins in critically ill patients and this article is the first systematic 
review and meta-analysis conducted on this topic. Sinnollareddy 
et al reviewed the PK of antifungal agents in a number of disease 
states, including critically illness. Only a small portion of this arti-
cle reviewed the PK of echinocandins without analysing the PK/PD 
variability, and only 6 studies were included with limited data avail-
able.39 Muilwijk et al published an expert review which provided up-
to-date information on PK data of anidulafungin, caspofungin and 
micafungin in special patient populations. Only a small portion of 
this article summarized PK data in critically ill patients from rela-
tively few studies.40 Bellmann et al’s review summarized published 
PK data on systemically administered antifungals. This article sum-
marized PK data in critically ill patients briefly based on published 
literature.41 Hahn et al discussed changes in the PK of antibiotic, an-
tiviral, antituberculosis and antifungal agents administered to adult 
patients on ECMO. The target population included was that ECMO 
patients not, ‘critically ill patients’.42

Our study also has some limitations, for instance, the pharma-
cokinetic data for primary outcomes are insufficient to detect a 
clear difference between the groups. As all included studies were 
single-arm cohort studies, heterogeneity between populations was 
significant. Due to insufficient data, we failed to detect variability 
in some pharmacokinetic parameters, for instance, Vd and CL for 
caspofungin.

6  | CONCLUSION

Descriptive data from single-arm studies show that when comparing 
with healthy volunteers, critically ill patients who received caspo-
fungin have less pharmacokinetic/pharmacodynamics variability 
than those who received anidulafungin and micafungin. Further 
controlled studies with larger sample size to compare pharma-
cokinetic/pharmacodynamics variability in critically ill patients are 
recommended.
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