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Abstract

Background and purpose The need for dose adjustment of caspofungin in patients with hepatic impairment is controversial,
especially for those with Child—Pugh B or C cirrhosis. The purpose of this study was to investigate the safety and efficacy of
standard-dose caspofungin administration in Child—Pugh B and C cirrhotic patients in a real-world clinical setting.
Patients and methods The electronic medical records of 258 cirrhotic patients, including 67 Child—Pugh B patients and 191
Child—Pugh C patients, who were treated with standard-dose of caspofungin at the Second Affiliated Hospital of Chongqging
Medical University, China, from March 2018 to June 2023 were reviewed retrospectively. The white blood cells (WBC),
hepatic, renal and coagulation function results before administration and post administration on days 7, 14 and 21 were col-
lected, and the efficacy was assessed in all patients at the end of caspofungin therapy.

Results Favorable responses were achieved in 137 (53.1%) patients while 34 (13.2%) patients died. We observed that some
patients experienced an increase of prothrombin time (PT) or international normalized ratio (INR), or a decrease of WBC,
but no exacerbation of hepatic or renal dysfunction were identified and no patient required dose interruption or adjustment
because of an adverse drug reaction during treatment with caspofungin.

Conclusions Standard-dose of caspofungin can be safely and effectively used in patients with Child—Pugh B or C cirrhosis,
and we appealed to re-assess the most suitable dosing regimen in this population to avoid a potential subtherapeutic exposure.
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Introduction

The prevalence of liver cirrhosis has been increasing over
past decades and imposes a considerable economic burden
on many nations [1]. It has been well-documented that cir-
rhotic patients are more susceptible to opportunistic infec-
tions, including invasive fungal infection (IFI), compared
to the general population and early initiation of appropri-
ate and effective antibiotic therapy is critical for prognosis
[2]. Several drugs are currently available for IFI, including
amphotericin B formulations, triazoles, and echinocandins.
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However, owing to their outstanding tolerability/safety pro-
file and a lower chance of inducing drug-related adverse
events, echinocandins are considered as the preferred thera-
peutic option for IFI [3]. Caspofungin is one of the three
novel class of echinocandins and undergoes liver-dependent
metabolism, yet still retains the potential for organ toxici-
ties, such as hepatotoxicity, nephrotoxicity, coagulopathy
and leukopenia. Furthermore, compared to healthy persons,
patients with pre-existing liver disease have an elevated
susceptibility to drug-induced liver injury [4]. The product
information of caspofungin recommends a dose reduction
to 35 mg daily following the 70 mg loading dose in patients
with Child—Pugh B [5]. There is insufficient clinical experi-
ence to develop evidence-based guideline recommendations
in patients with Child—Pugh C.

In recent years, several studies have successively demon-
strated that reducing the dose of caspofungin in patients with
moderate to severe liver impairment may lead to subopti-
mal drug exposure and undesirable clinical outcomes [6-9].
However, these studies were mostly conducted in critically
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ill patients with concurrent acute liver dysfunction and had
limited sample sizes or were case reports. The tolerability
of caspofungin for patients with pre-existing liver disease,
especially in cirrhosis and Child—Pugh C patients has not
been well-examined previously. Therefore, the objective
of this study was to investigate the safety and efficacy of
using standard caspofungin dose for IFI in patients with
Child-Pugh B or C cirrhosis.

Methods
Study population

This retrospective cohort study was conducted at the Sec-
ond Affiliated Hospital of Chongqing Medical University
in China from March 2018 to June 2023. Inclusion criteria
included met the criteria for the diagnosis of liver cirrhosis,
suspected or confirmed fungal infection, received a main-
tenance dose of 50 mg daily caspofungin therapy. Exclu-
sion criteria included age < 18 years, absence of cirrhosis,
Child—Pugh score <7 points or cannot be calculated, caspo-
fungin treatment duration <7 days, treated with the reduced
dosage of caspofungin, or received a liver transplant during
hospital stay.

Data collection

Patients’ laboratory results including the total protein (TP),
albumin, alanine aminotransferase (ALT), aspartate amino
transferase (AST), alkaline phosphatase (ALP), y-gamma-
glutamyl transpeptidase (y-GGT), total bilirubin (TBIL),
direct bilirubin (DBIL), prothrombin time (PT), activated
partial thromboplastin time (APTT), international normal-
ized ratio (INR), serum creatinine (Scr), glomerular filtra-
tion rate (GFR) and white blood cells (WBC) were collected
before initiation of treatment (D0) and post treatment on the
7th day (D7), the 14th day (D14) and the 21th day (D21).
In the meantime, demographic characteristics, comorbid
diseases, whether received human albumin (HA) infusion
or anti-inflammatory and liver-protective agents were also
collected.

Efficacy measurements

Responses to antifungal therapy in patients with IFI was
defined according to the Mycoses Study Group and Euro-
pean Organization for Research and Treatment of Cancer
Consensus Criteria that can be characterized into treatment
success which includes complete response as well as par-
tial response, and treatment failure which includes stable
response, progression of fungal disease and death [10].
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Statistical analysis

All analyses were performed using SPSS 22.0 statistical
software (SPSS Inc., Chicago, IL, USA). The Kolmog-
orov—Smirnov test was used to determine the normal-
ity of the numeric data. Normally distributed data were
expressed as means =+ standard deviation, and analyzed
by the Student’s ¢ test, otherwise they were represented
as the median (interquartile range), and analyzed by the
Mann—Whitney U test. Categorical variables were dis-
played as frequencies (percentages), and the Chi-square
test was used to analyze relationships between groups.
Friedman test was utilized to compare the changes in vari-
ous parameters at three or more different timepoints, and
then Wilcoxon signed-rank test was applied for compari-
sons between the two timepoints. For all analyses, P <0.05
was considered statistically significant.

Results
Patient characteristics

A total of 1700 patients received caspofungin therapy were
screened and 258 patients were eventually included in the
study, including 67 Child—Pugh B cirrhosis patients and
191 Child—Pugh C cirrhosis patients. Further details are
provided in Fig. 1.

Patients’ baseline and demographic characteristics
were presented in Online Resource 1, Electronical supple-
ment material (ESM) 1. The mean age of the patients was
57.5+12.0 years and median weight were 60.0 kg (51.0,
66.1), and the proportion of male patients (72.5%) was
greater than that of female patients (27.5%). The mean
albumin and mean TBIL were 30.3 g/L (28.1, 32.9) and
132.4 umol/L (46.1, 310.9), respectively. Compared to
Child—Pugh B cirrhotic patients, Child—Pugh C cirrhotic
patients had lower albumin (P =0.001) and higher TBIL
(P<0.001) levels.

Common comorbidities were tumour (20.5%), diabetes
(18.2%), hypertension (17.8%), haematological malig-
nancy (15.1%), and coronary heart disease (10.9%). The
most frequent primary site of infection was intra-abdomi-
nal (38.4%), followed by the pulmonary (31.8%) and oral
cavity (13.6%). Furthermore, most patients were treated at
the department of infectious diseases (87.6%).

In this study, viral infection (61.6%) was the leading
cause of liver cirrhosis, while other common etiologies
include autoimmune (12.4%), alcoholic (10.1%), choles-
tatic (7.4%). There were 114 confirmed IFI cases, 105 clin-
ically diagnosed cases, and 39 suspected fungal infection
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1700 cases using Caspofungin from March
2018 to June 2023 were filtered from the
medical record system

1425 Excluded

1297 Did not fit the diagnosis of liver cirrhosis

31 Duration of use < 7days
— 11 treated with the reduced regimen of caspofungin
38 Liver function grade cannot be calculated
17 Child-Pugh score < 7 points
48 received a liver transplant duration of hospital stay
0 Age <18 years

v

There were 258 eligible cases

'

According to the Child-Pugh grading criteria, these patients can
be categorized into two groups: Child-Pugh B (7-9 points),
and Child-Pugh C ( > 9 points).

According to the duration of medication, subjects were categorized into three
groups:1-week group, 2-week group, and 3-week group. Subjects with a medication

duration of less than 2 weeks were included in the 1-week group, and so forth.

1-week group

2-week group

3-week group

(n=114) (n=93) (n=51)
Child-Pugh B Child-Pugh C Child-Pugh B Child-Pugh C Child-Pugh B Child-Pugh C
(n=34) (n=80) (n=23) (n=70) (n=10) (n=41)

Fig. 1 Flow chart of patients recruitment

cases, respectively. Patients received caspofungin for
greater than or equal to 1 week but less than 2 weeks were
assigned to the 1-week group, and so forth. Ultimately,
there were 114 patients in the 1-week group, 93 patients

in the 2-week group, and 51 patients in the 3-week group.
Most of patients received anti-inflammatory and liver-
protective agents and/or human albumin infusion during
the period of caspofungin treatment in this study.
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Treatments

The mean treatment duration was 14.9 days (range 7-70 days)
for the 258 patients. An initial 70 mg loading dose followed
by a 50 mg/day maintenance dose was administered in 252
cases. Five patients received an initial 100 mg loading dose
followed by 50 mg/day maintenance regimen. One patient
was maintained solely on 50 mg/day caspofungin.

Safety evaluations

A total of 30 (11.6%) patients had hepatic encephalopathy
(HE) at the initiation of caspofungin, with complete reversal
achieved in ten patients during treatment. Nevertheless, four
patients experienced exacerbations or deterioration of HE,
for which precipitating events were acute gastrointestinal
hemorrhage, abdominal paracentesis, or fulminant sepsis,
rather than caspofungin use.

Our results showed that the ALT level in Child—Pugh
B and C patients and the y-GGT level in Child—Pugh C
patients were significantly decreased (P <0.05), while the
PT and INR levels in Child—Pugh B and C patients were
significantly elevated on D7 (P <0.05) among patients in
the 1-week group (Table 1).

At the same time, the levels of albumin, ALT, ALP and
v-GGT in Child—Pugh C patients changed significantly with
time among patients in the 2-week group (Table 2). More
specifically, we found that the albumin level on D14 was
significantly higher than DO, while the levels of ALT, ALP
and y-GGT on D7 and D14 were significantly decreased
than DO, and the ALT level on D14 significantly decreased
than D7 (P <0.05).

On the other hand, the levels of TP, albumin, ALT, AST
and WBC in Child-Pugh C patients changed significantly
with time among patients in the 3-week group (Table 3). In
greater detail, we found that the levels of TP on D14 and D21
were significantly higher than D7, and the TP level on D21
was significantly higher than DO. The levels of albumin on
D7, D14 and D21 were significantly higher than DO, while
the levels of ALT, AST and WBC on D7, D14 and D21 were
significantly decreased than DO, and the levels of ALT on
D14 and D21 were significantly decreased than D7, respec-
tively (P <0.05).

Treatment effects

The overall efficacy rate was 53.1% among all enrolled 258
participants. Notably, the efficacy of caspofungin was not
significantly different between Child—Pugh B and C patients
(P=0.208). In addition, no significant differences of effi-
cacy was observed among the 1-week, 2-week, and 3-week
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treatment groups (P=0.077) (Table 4, Online Resource 1,
ESM 2).

Discussion

To the best of our knowledge, this is the largest clinical study
that examined the safety and efficacy of using standard dose
of caspofungin in patients with Child—Pugh B or C cirrhosis.
In this study, all 258 patients received a maintenance dose
of 50 mg/day regardless of their hepatic functions. Herein,
patients in the 1-week group had an increase in serum PT and
INR levels at the end of caspofungin therapy, while the WBC
level in Child—Pugh C cirrhosis patients from the 3-week
group decreased gradually with prolonged caspofungin use
but it remained fluctuating within the normal range. The
impacts of standard dose of caspofungin on hepatic, renal or
coagulation functions in patients with liver cirrhosis other
than PT and INR levels were not observed, and no dose inter-
ruptions or adjustments due to adverse drug reactions were
necessitated over the course of administration.

Caspofungin is predominantly metabolized by liver, with
only 1% to 2% of the administered dose being cleared by the
kidneys. Therefore, hepatic impairment can potentially affect
the plasma concentrations of the drug [11]. The pharmacoki-
netics of antimicrobial agents in patients with hepatic insuf-
ficiency have not been well-studied. In an earlier PK study,
a nearly 1.8-fold increase of area under the curve (AUC)
of caspofungin was observed in 8 patients with moderate
hepatic insufficiency (Child—Pugh score of 7-9) compared
with 24 healthy control volunteers after a single intravenous
of 70 mg caspofungin. In the multiple-dose study, 8 patients
with moderate hepatic insufficiency received a reduced dose
of 35 mg/day and 8 healthy control volunteers received the
standard dose of 50 mg/day, the experiment results showed
that the primary pharmacokinetic parameter, AUCs, was
similar in both of these subjects. Based on these results, a
dose reduction to 35 mg daily following the 70 mg loading
dose was proposed for patients with Child—Pugh B condi-
tions [12]. However, it is important to point out that this
study only recruited patients with chronic and stable hepatic
insufficiency who did not have an acute episodes of illnesses.

Martial et al. [6] reported a population pharmacokinetic
model of caspofungin based on the 21 non-cirrhotic ICU
patients with Child—Pugh B, and found that the area under
the concentration—-time curve over 24 h (AUC,,) value of
a 70 mg loading dose followed by 35 mg in patients with
Child-Pugh B was significantly lower (65 mg.h/L) than the
typical AUC,, value of a standard dose in healthy control
volunteers (100 mg.h/L), which would result in a subopti-
mal drug exposure. Gustot et al. [7] performed a pharma-
cokinetic study of caspofungin in 20 patients with an acute
decompensated Child—Pugh B or C cirrhosis, and confirmed
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Table 4 Comparison of efficacy among patients with different Child—Pugh scores

Group Complete response Partial response Stable response Progression of Death Efficient (%)
disease

Child—Pugh B (n=67) 31 (46.3) 9(13.4) 9(13.4) 10 (14.9) 8(11.9) 40 (59.7)

Child—Pugh C (n=191) 69 (36.1) 28 (14.7) 22 (11.5) 46 (24.1) 26 (13.6) 97 (50.8)

Total (n=258) 100 (38.8) 37 (14.3) 31 (12.0) 56 (21.7) 34 (13.2) 137 (53.1)

X2 2.150 0.061 0.172 2.448 0.121 1.583

p value 0.143 0.805 0.678 0.118 0.728 0.208

Data are shown as frequency (%)

that reducing the maintenance dose from 50 to 35 mg still
resulted in undesirably low drug exposure, although the
AUC,, value, indeed, was slightly elevated in cirrhosis.
Several case reports published in recent years also revealed
that a significantly higher caspofungin accumulation due to
decreased hepatic metabolism was not observed in decom-
pensated Child—Pugh B or C cirrhotic patients [8, 9].

These findings indicated that the impact of liver test
abnormalities or evidence of cirrhosis on liver drug metab-
olism function may be less pronounced than previously
thought. Conversely, a recommended dose reduction of
caspofungin in acute and unstable cirrhotic patients would
probably led to low systemic exposure and treatment failure.
A possible explanation for these findings is that decreased
levels of plasma albumin may lead to altered pharmacoki-
netics in cirrhotic patients, as most caspofungin exist in
protein-binding formation (97%) [13]. The studies reported
by Li et al. [14] and Kurland et al. [15] demonstrated that
hypoalbuminemia could increase the fraction of unbound
caspofungin in critically ill patients, thereby augmenting its
clearance and reducing the AUC. In fact, the mean plasma
albumin level we observed in the current study was 30.3 g/
(28.1, 32.9), which was close to the value of 33.70+5.11 g/L.
reported in the study by Li et al. [14].

Kurland et al. [15] also observed an inverse correlation
between higher serum total bilirubin levels and caspofungin
clearance, while this finding conversely conflicted with the
observations by Li et al. [14]. Similarly, a therapeutic drug
monitoring study of cefoperazone/sulbactam, also a highly
protein bound drug with cefoperazone primarily excreted
through bile and 20-30% renal excretion, conducted in
70 cirrhotic patients has also observed that varied serum
total bilirubin levels exerted differential effects on drug
clearance. Specifically, lower trough concentration (C,,;,)
of cefoperazone was observed in patients with bilirubin
levels at both lower and higher extremes (<26.15 pmol/L
and >99.15 pmol/L), while patients with mid-range bilirubin
levels (26.15-99.15 pmol/L) were more likely to achieve
the pharmacokinetic/pharmacodynamic target [16]. It might
be due to patients with normal bilirubin levels tend to have
no or only mild hepatic dysfunction, whereas excessively
elevated serum bilirubin may cause a greater proportion of

@ Springer

unbound drug concentration through competitive binding
to plasma albumin with highly protein bound drugs [17].

The distribution of bilirubin levels likely differed between
the study cohorts of Kurland et al. [15] and Li et al. [14],
with Child—Pugh B patients accounting for the largest pro-
portion in the former (40/46), and Child—Pugh A patients
being the predominant subgroup in the latter (25/42).
This disparity may account for the stark contrast in find-
ings between the two studies. In the present study, only 68
(26.4%) patients had bilirubin levels between 26.15 pmol/L
and 99.15 pmol/L. In contrast, up to 149 (57.8%) patients
had bilirubin levels >99.15 pmol/L, with 136 classified as
Child—Pugh C and 13 as Child—Pugh B. Thus, the clearance
of caspofungin may not be lower in Child—Pugh C patients
compared to Child—Pugh B patients.

It has been suggested that the dosage of caspofungin
should be escalated to achieve adequate exposure. Martson
et al. [18] conducted a prospective study to establish a popu-
lation pharmacokinetic model for caspofungin in 20 criti-
cally ill adult patients with suspected invasive candidiasis and
found that the fixed dosing regimens may have contributed
to an reduced overall target attainment rate when the body
weight were over 80% of median weight, and greater than or
equal to 120 kg, and less than or equal to 50 kg. To achieve
the AUC target, they suggested using a weight-based dosage
regimen with a loading dose of 2 mg/kg on day 1 followed
by a maintenance dose of 1.25 mg/kg. Compared to the fixed
dosing regimens, this approach may need higher daily doses.
Furthermore, Bailly et al. [19] also recommended increas-
ing the loading dose of caspofungin to 140 mg, as this regi-
men could reach pharmacokinetic—pharmacodynamic targets
earlier. In particular, the high-dose caspofungin treatment
regimen have demonstrated good tolerability without dose-
limiting toxicity, and the maximum tolerated dose of caspo-
fungin seemed to be over 200 mg/day [20, 21].

Available evidence indicates that human albumin (HA)
infusion could reduce inflammation and oxidative stress,
and optimize haemodynamic status. The latest international
position statement recommend that the use of HA in liver
cirrhosis patients with infections, especially when com-
bined with large ascites, hepatorenal syndrome and sepsis/
septic shock should be considered [22]. A retrospective
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study conducted by Chen et al. validated through Logistic
regression analysis that lower HA levels were associated
with higher risks of caspofungin-related hepatotoxicity (OR
1.347;95% CI 1.166-1.556; P <0.001) [23]. In this study,
most patients received HA infusion to maintain plasma
albumin levels at 30 g/L or even higher, with the mean dose
of 60.0 g (30.0, 110.0) during caspofungin treatment.

Infection activates the inflammatory response and can
trigger inflammatory cascades that exacerbates liver damage
and the degree of hepatic fibrosis. Anti-inflammatory and
liver-protective agents, such as branched-chain amino acid,
ursodeoxycholic acid, glycyrrhizin, silymarin, S-adenosyl-
L-methionine can alleviate liver injury, promote hepato-
cyte regeneration, enhance liver detoxification, facilitate
bile acid metabolism, and inhibit oxidative stress [24—28].
These treatments should be integrated in the management of
hepatic inflammation. To maximize inhibiting inflammatory
injury, in this study, nearly 99% of patients received anti-
inflammatory and liver-protective agents, with 77.9% were
treated with a combination of drugs. It's also worth mention-
ing that we found some patients showed improved hepatic
or renal function at the end of caspofungin treatment, such
as a decrease in ALT, AST, ALP, y-GGT, or an increase in
TP, albumin which could potentially be attributed to the
comprehensive effect of infection control, HA infusion, the
treatment of anti-inflammatory and liver-protective.

The efficacy rate in the current study was 53.1%, which
was slightly lower than our previous report that examined
caspofungin in patients with liver damage (63.0%) [29], but
similar to or higher than the average reported efficacy rate
in most prior studies (33.0-54.3%) [21, 30-33]. There were
no statistically significant difference in treatment efficacy
among patients with different Child—Pugh scores and treat-
ment durations (P> 0.05).

There are several limitations we must acknowledge. First,
the present study had a single-center retrospective design,
which restricts the representativeness of the data. However,
we sought to maximize the sample size to offset this limita-
tion. Second, therapeutic drug monitoring was not under-
taken during caspofungin treatment in the present study, so
we cannot conclude whether the observed favorable toler-
ability was due to adequate drug exposure rather than the
large therapeutic window of caspofungin. Third, the number
of cirrhotic patients who received the reduced caspofungin
doses was too limited to allow us to compare the efficacy
between standard and reduced dosing regimens.

Conclusions

Our findings suggest that standard caspofungin treat-
ment regimen has shown good safety and efficacy without
increasing the incidence of drug-related adverse events in

Child-Pugh B and C cirrhotic patients. It is necessary to
reconsider the optimal dosing in this population, particu-
larly when patients receive intensive anti-inflammatory and
liver-protective treatment and aggressive HA infusion. How-
ever, we suggest close monitoring of potential side effects
of caspofungin, especially coagulation function and WBC
levels. Overall, this real-world study conducted in patients
with moderate to severe liver dysfunction can serve as com-
plementary evidence to randomized controlled trials in guid-
ing the clinical rational use of caspofungin.
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