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ABSTRACT

Introduction: High-dose daptomycin-based
combinations are recommended for van-
comycin-resistant Enterococcus (VRE) blood-
stream infection (BSI). Preclinical data have
shown a synergistic effect of daptomycin/fos-
fomycin combinations against VRE. However,
clinical studies comparing daptomycin
monotherapy with daptomycin/fosfomycin
combinations are unavailable.
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Methods: An observational study of VRE-BSI
was performed between 2010-2021 on patients
receiving daptomycin monotherapy (> 8 mg/
kg) or daptomycin combined with intravenous
fosfomycin. Patients treated with concomitant
B-lactam combinations were excluded. The pri-
mary outcome was in-hospital mortality. Out-
comes were analyzed wusing multivariable
logistic regression and augmented inverse
probability weighting (AIPW) analyses.
Results: Among 224 patients, 176 received
daptomycin monotherapy, and 48 received
fosfomycin combinations. The median dapto-
mycin and fosfomycin doses were 9.8 mg/kg
and 12 g/day, respectively. In-hospital mortality
was 77.3% and 47.9% in the daptomycin
monotherapy and fosfomycin combination
groups (P < 0.001), respectively. Multivariable
logistic regression analysis predicted lower
mortality with fosfomycin combination treat-
ment (adjusted odds ratio, 0.35; 95% confi-
dence interval (CI), 0.17-0.73; P = 0.005). AIPW
demonstrated a 17.8% reduced mortality with
fosfomycin combinations (95% CI, — 30.6- —
4.9%; P = 0.007). The survival benefit was sig-
nificant, especially among patients with a lower
Pitt bacteremia score or fosfomycin minimum
inhibitory concentration (MIC) < 64 mg/l. Fos-
fomycin combination resulted in higher
hypernatremia (10.4% vs. 2.8%, P = 0.04) and
hypokalemia (33.3% vs. 15.3%, P = 0.009)
compared to daptomycin monotherapy.
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Conclusion: The combination of high-dose
daptomycin with fosfomycin improved the
survival rate of patients with VRE-BSI compared
to daptomycin alone. The benefit of the com-
bination was most pronounced for VRE with
fosfomycin MIC < 64 mg/l and for patients
with a low Pitt bacteremia score.

Keywords: Combination; Daptomycin;
Fosfomycin; Mortality; Vancomycin-resistant
enterococci

Why carry out this study?

Clinical studies comparing daptomycin
monotherapy with
daptomycin/fosfomycin combinations for
vancomycin-resistant Enterococcus (VRE)
bloodstream infection (BSI) are
unavailable.

We compared the clinical effectiveness of
high-dose daptomycin monotherapy with
high-dose daptomycin and fosfomycin
combinations for vancomycin-resistant
Enterococcus bloodstream infection.

What was learned from the study?

The combination of high-dose
daptomycin with fosfomycin improved
the survival rate of patients with VRE-BSI
compared to daptomycin alone.

The overall in-hospital mortality rates
were 77.3% and 47.9% in the daptomycin
monotherapy and fosfomycin
combination groups, respectively

(P < 0.001).

Multivariable logistic regression showed
that fosfomycin combination was an
independent predictor of lower mortality
(adjusted odds ratio, 0.35; 95% confidence
interval 0.17-0.73; P = 0.005).

INTRODUCTION

Bloodstream infections (BSIs) with vancomycin-
resistant enterococci (VRE) are of great concern
because of their high morbidity and mortality.
Linezolid and daptomycin are among the few
antimicrobial agents that can effectively treat
VRE BSI [1, 2]. Linezolid was initially preferred
over daptomycin because of its lower associated
mortality [3, 4], but high-dose daptomycin has
been found to be at least as effective as linezolid
(5, 6].

High-dose daptomycin has become an
attractive option because of its bactericidal
activity and concentration-dependent effect [7].
Several studies have validated its role in in
treatment of VRE BSI [8, 9]. However, the mor-
tality rate associated with VRE BSI remains high.
It is doubtful that an adequate pharmacody-
namic effect can be achieved against VRE with
high daptomycin minimum inhibitory con-
centrations (MICs) even with high-dose dapto-
mycin [10]. VRE isolates with higher
daptomycin MICs, although still susceptible,
are associated with increased microbiological
failure [11]. It has been suggested that pB-lactam
antibiotics might be considered for treatment of
VRE BSI [12], since B-lactam antibiotics com-
bined with daptomycin further enhance its
antimicrobial activity [13, 14]. Nonetheless, the
inherent resistance of VRE to B-lactams and
suboptimal patient outcomes warrant the
investigation of other alternative combinations.

Fosfomycin has broad-spectrum bactericidal
activity. It has been extensively evaluated for
treatment of patients with gram-positive and -
negative BSI [15]. Combinations of fosfomycin
with daptomycin have been reported to be
synergistic against methicillin-resistant Staphy-
lococcus aureus (MRSA) [16]. A randomized con-
trolled trial found the combination to be
superior to daptomycin monotherapy for
microbiological outcomes in MRSA BSI [17],
though the treatment success rate was not sig-
nificantly different. Daptomycin with fos-
fomycin has also been shown to be synergistic
against VRE in in vitro studies [18-20]. The
combination was found to be a potent and safe
treatment option for VRE BSI in our previous
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observational cohort study [21]. However, the
study did not include the daptomycin
monotherapy group as a control group. In view
of these promising observations, further studies
are needed to determine whether the combi-
nation of fosfomycin and daptomycin is clini-
cally superior to daptomycin alone.

We hypothesized that combination of fos-
fomycin and daptomycin might improve the
survival of patients with VRE BSI compared to
daptomycin alone. We conducted this observa-
tional study to compare the clinical efficacy of
high-dose daptomycin monotherapy with high-
dose daptomycin and fosfomycin combinations
for VRE BSI. We also evaluated the safety of
daptomycin and fosfomycin combinations
compared to daptomycin monotherapy.

METHODS

Hospital Setting and Patients

This study is a subgroup analysis of the previ-
ously published cohort [22]. The retrospective
cohort study was conducted at the National
Taiwan University Hospital (NTUH), the NTUH-
Hsin-Chu Branch, and the NTUH-Yun-Lin
Branch. The VRE BSI patients were prospectively
identified per institution routine. For this study,
a subcohort was retrieved and analyzed retro-
spectively. The Research Ethics Committee of
the NTUH (201606064RINB) approved the
study protocol and waived the requirement for
informed consent. Since (1) this is a retrospec-
tive study and the research would not be prac-
ticable to carry out without the waiver, (2) the
research has important social value, and (3) the
research poses no more than minimal risks to
participants, the committee waived the
requirement for informed consent. The study
was performed in accordance with the Helsinki
Declaration of 1964 and its later amendments.

Patients with VRE BSI between January 2010
and December 2021 were enrolled. VRE BSI was
defined as the growth of VRE in at least one set
of blood cultures. The inclusion criteria were as
follows: The patients were hospitalized,
aged > 18 years, and had received > 8 mg/kg
daptomycin. Patients who received daptomycin

and B-lactam combinations were excluded [23].
Only the first episode of VRE BSI was included
among patients with two or more episodes
within the cohort period. Addition of fos-
fomycin within 24 h of daptomycin was a
required criterion for receipt of fosfomycin
combinations. The duration of fosfomycin
administration was not limited to avoid an
immortal time bias. The selection of patients to
be treated with fosfomycin and daptomycin
alone or together, dosage, and laboratory tests
were based on the clinical judgment of the pri-
mary care physicians. In our hospital, fos-
fomycin is given in 2-3 divided doses, and the
daily maximum dose is adjusted according to
renal function: decreased to 70%, 60%, 40%,
and 20% when the estimated creatinine clear-
ance (CrCl) falls to 30-40, 20-30, 10-20,
and < 10 ml/min, respectively. For patients on
hemodialysis, 2 g of fosfomycin is administered
after hemodialysis.

Microbiological Studies and Antimicrobial
Susceptibility Testing

The blood cultures were processed at the clinical
microbiology laboratory. Before 2017, Entero-
coccus spp. were identified using the VITEK 2
identification system (bioMérieux, Marcy
I’Etoile, France). Subsequently, Enterococcus spp.
were identified using matrix-assisted laser des-
orption ionization-time-of-flight mass spec-
trometry (Bruker Biotyper system, MicroFlex LT;
Bruker Daltonik GmbH, Bremen, Germany).
Vancomycin-resistant enterococci were defined
as Enterococcus isolates with a vancomycin
MIC > 32 mg/l. The MIC of daptomycin was
determined by the broth microdilution method.
Cation-Adjusted Mueller-Hinton Broth (Becton
Dickinson, Le Pont-de-Claix, France) supple-
mented with 50 mg/l calcium was used. The
fosfomycin MIC was determined using the agar
dilution method in a medium supplemented
with 25mg/l glucose-6-phosphate. MIC for
fosfomycin was interpreted based on the criteria
for Enterococcus faecalis urinary tract isolates
[24].
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Clinical Data Collection and Definitions

Patients’ baseline characteristics were obtained
from their electronic medical records. Primary
bacteremia was defined as the absence of an
otherwise identified infection focus. Catheter-
related infections were defined according to
previously published guidelines [25]. Source
control was defined as central venous catheter
removal for catheter-related infections and
image-guided aspiration, drainage, or surgical
drainage for intra-abdominal infections [21].
Immunosuppressive agent use was defined as
the prescription of antineoplastic medications,
cyclophosphamide, or other immunosuppres-
sants within 6 weeks or prednisolone over
20 mg/day  for > 2weeks or 30mg/day
for > 1 week before the onset of VRE BSI [26].
The Charlson comorbidity index was calculated
to adjust for the underlying conditions [27], and
the Pitt bacteremia score was considered to
evaluate BSI severity [28]. The following adverse
events were recorded during the treatment:
creatine kinase (CK) elevation was defined as a
serum CK level > 250 U/l. Thrombocytopenia
was defined as a platelet count < 50,000/pl.
Hypernatremia was defined as serum sodium
level > 155 mEq/l and hypokalemia as serum
potassium level < 3 mEq/l [29]. CtCl was esti-
mated using the Cockcroft-Gault equation.
Acute kidney injury was defined as CrCl reduc-
tion > 50% or serum creatinine level elevation
by at least two-fold if baseline CrCl > 60 ml/
min, CrCl reduction > 20%, or serum creatinine
level elevation by at least 1.5-fold if baseline
CrCl < 60 ml/min [22].

The primary outcome was in-hospital mor-
tality. The secondary outcomes were 28- and
14-day all-cause mortality, microbiological fail-
ure, and clinical failure. Microbiological failure
was defined as VRE isolation in follow-up blood
cultures > 4 days after the onset of VRE BSI or
mortality within 7 days of VRE BSI without
documented bloodstream VRE clearance [9].
Clinical failure was defined as either mortality
within 14 days or microbiological failure [9]. In
the sensitivity analysis of the primary outcome,
patients receiving fosfomycin before docu-
mented bloodstream VRE clearance were selec-
ted in the fosfomycin combination group [21].

Statistical Analysis

For categorical variables, percentages were pre-
sented, and a two-tailed Fisher’s exact test was
performed for comparisons. The median and
interquartile range (IQR) were presented for
continuous variables, and a Mann-Whitney
U test was used for comparisons. Multivariable
logistic regression was performed for the out-
come analysis. Variables with a P-value < 0.1 in
the univariable regression were included in the
multivariable analysis. Multivariable models
were developed using backward stepwise mini-
mization of Akaike’s information criterion
(AIC). Significant differences might be present
in the baseline characteristics of the dapto-
mycin monotherapy and daptomycin fos-
fomycin combination groups. Multivariable
logistic regression generated by backward step-
wise minimizing AIC with covariates with a
P value < 0.1 was applied to identify indepen-
dent predictors for daptomycin monotherapy or
daptomycin and fosfomycin combination.
Propensity score was calculated according to the
regression model, and augmented inverse
probability weighting (AIPW) was used to esti-
mate the average treatment effect [30]. The
interactions between the fosfomycin combina-
tion and Pitt bacteremia score on the outcome
were examined by marginal effects analysis.
Stata software (v. 17; StataCorp, College Station,
TX, USA) was used for statistical analysis. Two-
sided P values < 0.05 were considered signifi-
cant in all analyses.

RESULTS

Study Participants

A total of 1425 episodes of VRE BSI were iden-
tified within the study period, among which
224 patients met the inclusion criteria for the
analysis. Among these cases, 176 received dap-
tomycin monotherapy, and 48 received the
daptomycin and fosfomycin combination
(Fig. 1). All isolates showed the presence of E.
faecium. Among these, 204 were available for
the MIC determination. Daptomycin MIC
was < 1mg/l, 2mg/l, and > 4mg/l in 21
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1425 episodes of VRE
bacteremia
Excluded:
»{1 under 18 year-old
21 recurrent episodes
v 357 didn't receive VRE treatment

1046 patients with first
episode of VRE bacteremia
received VRE treatment

Excluded:
216 received linezolid
156 received daptomycin <8 mg/kg

\ 4

A

674 patients with first episode of
VRE bacteremia received
daptomycin = 8mg/kg

> Excluded:
437 received B-lactam combinations

Y
237 patients with first episode of
VRE bacteremia received
daptomycin = 8mg/kg without
B-lactam combination

Excluded:
13 fosfomycin not having been started
within 1 day of initiating daptomycin

\ 4

Y Y
176 patients with first episode of 48 patients with first episode of
VRE bacteremia received VRE bacteremia received
daptomycin = 8mg/kg without daptomycin = 8mg/kg with
fosfomycin combination fosfomycin combination
Excluded:

+|7 no follow-up blood culture
|20 culture negative before daptomycin use
45 daptomycin use less than 72 hours

A

153 patients with evaluable
microbiological outcome
(microbiologically evaluable cohort)

Fig. 1 Flow chart illustrating the selection of patients for the study
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Table 1 Demographics and clinical characteristics of patients with vancomycin-resistant enterococcal bloodstream infection

Variables®

Total (n = 224)

DAP (1 = 176)

DAP + FOS (n = 48)

Demographics

Age (years)

Men

Body weight (kg)

Days of prior hospitalization
Underlying condition
Charlson comorbidity index
Congestive heart failure
Cerebrovascular disease
Autoimmune disease

Liver cirrhosis

Peptic ulcer

Diabetes mellitus

Chronic kidney disease
Malignancy

Use of immunosuppressive agents
Steroid use

Chemotherapy

Infection focus

Primary bacteremia
Catheter-related infection
Urinary tract infection
Intra-abdominal infection
Infective endocarditis
Clinical characteristic

White blood cell count (x 10%/pl)
Neutropenia (< 500/pl)
Platelet count (x 10%/pl)
Creatinine (mg/dl)
Ventilator use

Pitt bacteremia score

66.9 (58.5-78.3)
132 (58.9)

56.0 (49.0-62.4)
23 (10-45.5)

4 (2-55)
21 (9.4)
13 (5.8)
12 (54)
25 (112
26 (11.6
68 (30.4
85 (379
125 (55.8)
94 (42.0)

55 (24.6)
54 (24.1)

)
)
)
)

132 (59.2)
9 (4.0)

69 (30.9)
21 (9.4)
1(0.5)

8.3 (2.3-14.2)
46 (20.6)

8.5 (3.3-18.2)
1.2 (0.7-2.6)
70 (31.3)

2 (0-4)

66.3 (59.0-77.9)
99 (56.3)

56.2 (49.2-62.4)
27 (12.5-47)

4 (2
5

)

[ —
—

s.
8.5
6.3

11 (5.3)

19 (10.8)
24 (13.6)
53(30.1)

66 (37.5)
104 (59.1)
73 (41.5)
42 (23.9)

44 (25.0)

2
(
(
(
(
(

101 (57.7)
7 (4.0)

56 (32.0)
16 (9.1)

1 (0.6)

75 (2.3-14.3)
36 (20.6)

7.5 (3.1-16.5)
12 (0.7-2.7)
58 (33.0)

2 (1-4)

71.5 (54.6-80.9)
33 (68.8)

54.8 (48.2-62.1)
13 (5.5-28.5)

21 (438
13 (27.1
10 (20.8

31 (64.6)
2 (42)
13 (27.1)
5 (10.4)
0 (0)

9.1 (3.4-12.6)
10 (20.8)

12.1 (44-22.3)
1.0 (0.6-2.0)
12 (25.0)

1 (0-3)

0.19
0.12
0.45
0.003

0.24
0.41
0.74
0.47
0.74
0.07
0.88
0.79
0.06
0.78
0.65
0.55

0.39
0.99
0.51
0.78
0.99

0.67
0.97
0.07
0.42
0.29
0.008
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Table 1 continued

Variables® Total (2 = 224) DAP (= 176)  DAP + FOS (n = 48) P

Days to daptomycin therapy 2 (2-3) 2 (2-3) 3 (2-3.5) 0.27

Daptomycin dose (mg/kg) 9.8 (9.0-10.4) 9.7 (8.8-10.4) 10.1 (9.5-10.5) 0.04

Fosfomycin dose (g/day) 12 (6-21)

Fosfomycin dose < 8 g/day 13 (27.1)

Fosfomycin dose > 8 - < 16 g/day 14 (29.2)

Fosfomycin dose > 16 g/day 21 (43.8)

Daptomycin MIC < 1 (mg/I)® 21 (10.3) 17 (10.6) 4(9.1) 0.52

Daptomycin MIC 2 (mg/l)° 109 (53.4) 82 (51.3) 27 (61.4)

Daptomycin MIC > 4 (mg/1)® 74 (36.3) 61 (38.1) 13 (29.6)

Fosfomycin MIC < 64 (mg/I)° 108 (52.9) 80 (50) 28 (63.6) 0.13

Fosfomycin MIC > 128 (mg/l)® 96 (47.1) 80 (50) 16 (36.4)

Overall in-hospital mortality 159 (71.0) 136 (77.3) 23 (47.9) < 0.001

DAP daptomycin, FOS fosfomycin

“Data are median (interquartile range) for continuous variables and number of cases (percentage) for categorical variables
statistically analyzed using the Mann-Whitney U test and Fisher’s exact test, respectively
®204 isolates were available for minimum inhibitory concentration testing

(10.3%), 109 (53.4%), and 74 (36.3%) isolates,
respectively. In contrast, fosfomycin MIC
was < 32mg/l, 64 mg/l, and > 128 mg/l in 9
(4.4%), 99 (48.5%), and 96 (47.1%) isolates,
respectively (Table 1).

Among the 224 patients, the median (IQR)
age and Pitt bacteremia score were 66.9
(58.5-78.3) years and 2 (0-4) points, respec-
tively (Table 1). The median source control was
0 (-10-7) days and 1 (0-2) days after the onset of
VRE BSI for patients with intra-abdominal and
catheter-related infections, respectively. The
interval to daptomycin initiation from the
onset of VRE BSI was 2 (2-3) days. The dapto-
mycin dose was 9.8 (9.0-10.4) mg/kg. The fos-
fomycin combination dose was 12 (6-21) g/day.
The duration of daptomycin treatment was 8.5
(3-14) days. The duration of fosfomycin treat-
ment was 7.5 (3-14) days. The overall in-hos-
pital mortality was 71.0%. The mortality rate
was 76.9% for the period of 2010-15 and 70.2%
for the period of 2016-21 (P = 0.48).

The demographics and clinical characteris-
tics of patients with VRE BSI treated with dap-
tomycin  monotherapy or  fosfomycin
combinations are summarized in Table 1. The
overall in-hospital mortality rates were 77.3%
and 47.9% in the daptomycin monotherapy
and fosfomycin combination groups, respec-
tively (P < 0.001). The Pitt bacteremia score was
significantly higher in the daptomycin
monotherapy group than in the fosfomycin
combination group (2 vs. 1, P =0.008). The
daptomycin dose was 9.7 and 10.1 mg/kg,
respectively (P = 0.04). Daptomycin and fos-
fomycin MICs were not significantly different
between the two groups.

Association Between Fosfomycin
Combination and Mortality

The underlying factors associated with mortal-
ity were also analyzed (Table 2). Daptomycin
dose was not significantly different between
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Table 2 Univariable logistic regression analysis of mortality among patients with vancomycin-resistant enterococcal

bloodstream infection

Variables® Survival Mortality Univariable OR (95% P

(n = 65) (n = 159) CI)
Demographics
Age (years) 67.8 (59.3-79.7)  66.8 (57.8-77.7) 0.99 (0.97-1.02) 0.57
Men 38 (58.5) 94 (59.1) 1.03 (0.57-1.85) 0.93
Body weight (kg) 52.3 (46.9-60.6) 57.0 (49.9-62.9) 1.02 (1.00-1.05) 0.08
Days of prior hospitalization 19 (6-47) 24 (11-45) 1.00 (0.99-1.00) 0.88
Underlying condition
Charlson comorbidity index 3 (2-5) 4 (3-6) 1.25 (1.08-1.33) 0.003
Congestive heart failure 6(9.2) 15 (9.4) 1.02 (0.38-2.77) 0.96
Cerebrovascular disease 7 (10.8) 6 (3.8) 0.32 (0.10-1.01) 0.05
Autoimmune disease 0 (0) 12 (7.5) na
Liver cirrhosis 6(92) 19 (11.9) 1.33 (0.51-3.51) 0.56
Peptic ulcer 5 (7.7) 21 (13.2) 1.83 (0.66-5.07) 0.25
Diabetes mellitus 16 (24.6) 52 (32.7) 1.49 (0.77-2/86) 0.23
Chronic kidney disease 25 (38.5) 60 (37.7) 0.97 (0.54-1.76) 0.92
Malignancy 31 (47.7) 94 (59.1) 1.59 (0.89-2.83) 0.12
Use of immunosuppressive agents 24 (36.9) 70 (44.0) 1.34 (0.74-2.43) 0.33
Steroid 14 (21.5) 41 (25.8) 1.27 (0.63-2.52) 0.50
Chemotherapy 13 (20.0) 41 (25.8) 1.39 (0.69-2.81) 0.36
Infection focus
Primary bacteremia 33 (51.6) 99 (62.3) 1.55 (0.86-2.78) 0.14
Catheter-related infection 0 (0) 9 (5.7) n.a
Urinary tract infection 24 (37.5) 45 (28.3) 0.66 (0.36-1.21) 0.18
Intra-abdominal infection 8 (125) 13 (8.2) 0.62 (0.25-1.58) 0.32
Infective endocarditis 1(1.5) 0 (0) na
Clinical characteristic
White blood cell count (x 10%/pl) 74 (5.1-12.5) 8.8 (1.6-15.7) 1.02 (0.99-1.05) 0.18
neutropenia (< 500/pl) 10 (15.4) 36 (22.8) 1.62 (0.75-3.50) 0.22
Platelet count (x 10%/pl) 154 (85-268) 6.3 (2.7-14) 0.96 (0.94-0.98) < 0.001
Creatinine (mg/dl) 0.9 (0.6-1.9) 1.3 (0.8-2.9) 1.09 (0.92-1.30) 0.30
Ventilator use 11 (16.9) 59 (37.1) 2.90 (1.40-5.97) 0.004
Pitt bacteremia score 1 (0-2) 2 (1-5) 1.38 (1.18-1.61) < 0.001
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Table 2 continued
Variables® Survival Mortality Univariable OR (95% P
(n = 65) (n = 159) CI)
Fosfomycin combination 25 (38.5) 23 (14.5) 0.27 (0.14-0.53) < 0.001
Fosfomycin dose (g/day)” 12 (6-24) 12 (4-18) 0.98 (0.91- 1.05) 0.60
Fosfomycin dose < 8 g/day” 7 (28.0) 6 (26.1) Reference
Fosfomycin dose > 8-16 g/day” 6 (24.0) 8 (34.8) 1.56 (0.34-7.11) 0.57
Fosfomycin dose > 16 g/day” 12 (48.0) 9 (39.1) 0.88 (0.22-3.52) 0.85
Duration of fosfomycin treatment” 13 (8-15) 3 (2-7) 0.78 (0.68-0.90) 0.001
(days)
Days to daptomycin therapy 3 (2-4) 2 (2-3) 0.82 (0.70-0.96) 0.01
Daptomycin dose (mg/kg) 10.0 (9.3-10.6) 9.7 (8.9-10.4) 0.90 (0.69-1.18) 0.45
Duration of daptomycin treatment 14 (12-15) 4 (2-13) 0.90 (0.86-0.94) < 0.001
(days)
Daptomycin MIC < 1 (mg/1)° 7 (11.9) 14 (9.7) Reference
Daptomycin MIC 2 (mg/1)® 31 (52.5) 78 (53.8) 1.26 (0.46-3.41) 0.65
Daptomycin MIC > 4 (mg/I)° 21 (35.6) 53 (36.6) 1.26 (0.45-3.57) 0.66
Fosfomycin MIC < 64 (mg/l)° 36 (61.0) 72 (49.7) Reference
Fosfomycin MIC > 128 (mg/I)° 23 (39.0) 73 (50.3) 1.59 (0.86-2.94) 0.14
Microbiology failure® 10 (20.8) 58 (55.2) 3.99 (1.93-8.26) < 0.001

n.a. not applicable

“Data are median (interquartile range) for continuous variables and number of cases (percentage) for categorical variables

statistically analyzed using the Mann-Whitney U test and Fisher’s exact test, respectively
b . . . . .
Among 48 patients with fosfomycin combinations

“Two hundred four isolates were available for minimum inhibitory concentration testing

ClAmong the 153 patients with evaluable microbiology outcome

Table 3 Multivariable logistic regression analysis of the factors associated with mortality

Variables Adjusted odds ratio 95% confidence interval r
Charlson comorbidity index 1.26 1.07-1.48 0.005
Platelet count (x 10%/pl) 0.97 0.95-0.99 0.01
Pitt bacteremia score 1.34 1.14-1.58 < 0.001
Fosfomycin combinations 0.35 0.17-0.73 0.005

Pearson goodness-of-fit test P = 0.24; estimated area under the ROC curve = 0.78

I\ Adis



598 Infect Dis Ther (2023) 12:589-606

(A) Survival Curve
1.00 HR=0.59, P = 0.02
> 0.75
=
@©
0
e
o 0.50
©
=
e
=]
@ 0.25-
DAP
— — — - DAP+FOS
0.00
I I I I I I
0 7 14 21 28
Days of follow-up
Number at risk
DAP 176 110 90 69 55
DAP+FOS 48 35 30 21 13

(B)

Survival Curve

1.00 == - Gr 1 vs. Gr 3: HR=2.18, P=0.01; Gr 2 vs. Gr 3: HR=2.04, P=0.02
. Gr 1 vs. Gr 4: HR=1.53, P=0.25; Gr 2 vs. Gr 4: HR=1.44, P=0.35
g 0.75 L_]—l ________ | L Ll —
o N [ [ —_
© 1J
el ; —
9 ........... b B o _i
o 0.50 T = (T B !
T = = ]
> = (o e J
S Gr 1: DAP (DAP MIC < 4 mg/L) g
@ 0.25-| — — — - Gr2: AP (DAP MIC > 4mglL)
————— Gr 3: DAP+FOS (FOS MIC < 64mg/L)
m e Gr 4: DAP+FOS (FOS MIC > 64mg/L)
0.00
I I I I I
0 7 14 21 28
Days of follow—up
Number at risk
Gr1 99 59 52 37 32
Gr2 61 40 31 26 18
Gr3 28 22 20 14 10
Gr4 16 12 9 7 3

A\ Adis



Infect Dis Ther (2023) 12:589-606

599

«Fig. 2 Comparison of Kaplan-Meier survival curves
between (A) daptomycin monotherapy and daptomycin
and fosfomycin combination and (B) daptomycin
monotherapy and daptomycin and fosfomycin combina-
tion with different minimum inhibitory concentrations in
patients with vancomycin-resistant enterococcal blood-
stream infection. DAP daptomycin, FOS fosfomycin, Gr
group, HR hazard ratio, MIC minimum inhibitory
concentration

survivors and non-survivors (10.0 vs. 9.7 mg/kg,
P =0.45). Among the daptomycin monother-
apy group, the mortality rate was not different
between daptomycin MIC of < 4 and > 4 mg/l
(78/99 vs. 47/61, P = 0.80). Fosfomycin combi-
nation is associated with less mortality than
daptomycin alone among daptomycin MIC
of <4mg/l (14/31 vs. 78/99, P <0.001) and
daptomycin MIC of > 4 mg/l (6/13 vs. 47/61,
P =0.03). Multivariable logistic regression
(Table 3) showed that fosfomycin combination
was an independent predictor of lower mortal-
ity [adjusted odds ratio (aOR), 0.35; 95% confi-
dence interval (CI) 0.17-0.73; P =0.005].
Compared to the daptomycin monotherapy,
the fosfomycin combination significantly
showed a lower mortality with a fosfomycin
MIC of < 64mg/l (136/176 vs. 12/28; aOR,
0.28; 95% CI, 0.11-0.68; P = 0.005) but not with
a fosfomycin MIC of > 128 mg/l (136/176 vs.
8/16; aOR, 0.45; 95% CI, 0.14-1.47; P = 0.19).
The Kaplan-Meier survival curves of dapto-
mycin monotherapy versus fosfomycin combi-
nations are shown in Fig. 2a, b. Fosfomycin
combination was associated with a lower

mortality rate than daptomycin monotherapy
(hazard ratio, 0.59; 95% CI, 0.38-0.91;
P =0.02).

Multivariable logistic regression analysis of
the factors associated with fosfomycin combi-
nations with P < 0.1 and backward stepwise
AIC method is presented in Table 4. Peptic ulcer
disease (aOR, 0.21, P = 0.04), malignancy (aOR
0.42, P = 0.01), and Pitt bacteremia score (aOR
0.80, P =0.005) were significantly different
between the two groups; they were therefore
included to calculate propensity score. With the
balance of AIPW, the standardized mean mor-
tality of daptomycin monotherapy and fos-
fomycin combinations was 75.4% and 57.6%,
respectively. Fosfomycin combination exhib-
ited an average 17.8% reduction in mortality
(95% CI, — 30.6— — 4.9%; P = 0.007).

In addition, we used propensity score for
matching. The baseline characteristics, espe-
cially the Pitt bacteremia score, of the fos-
fomycin combination and the daptomycin
monotherapy groups were relatively similar
among the propensity score-matched cohort
(Supplementary Table S1). The fosfomycin
combination group had lower mortality than
the daptomycin monotherapy group (47.9% vs.
70.8%, P = 0.02).

Interaction Between the Fosfomycin
Combination and Pitt Bacteremia Score

The marginal effects analysis of the interaction
between fosfomycin combinations and Pitt
bacteremia score on mortality is shown in

Table 4 Multivariable logistic regression analysis of the factors associated with daptomycin and fosfomycin combinations

Adjusted odds ratio® 95% confidence interval P

Standardized

differences

Raw  Weighted® Raw Weighted

Variance ratio

Peptic ulcer 0.21 0.04-0.96
Malignancy 0.42 0.21-0.83
Pitt bacteremia score 0.80 1.10-1.36

0.04 — 034 —0.05 0.34 0.89
001 —031 — 001 1.03 1.00
0.005 — 041 — 0.08 0.72 1.02

*Pearson goodness-of-fit test P = 0.88; estimated area under the ROC curve = 0.69

Test of Covariates are balanced: P = 0.99
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Fig. 3 Marginal effects analysis of the interaction between
daptomycin and fosfomycin combination and Pitt bac-
teremia score on mortality. Data are presented as the fitted

Fig. 3. For lower Pitt bacteremia scores, fos-
fomycin combinations provided a significant
survival benefit compared to that by dapto-
mycin monotherapy. The benefit became
insignificant as the Pitt bacteremia score
increased.

Sensitivity Analysis

The sensitivity analysis included 176 and 41
patients who received daptomycin monother-
apy and fosfomycin combinations, respectively,
before documented bloodstream VRE clearance.
This result supports the finding of a primary
comparison. Fosfomycin combinations were
independently associated with lower overall
mortality in the multivariable logistic regression
(aOR, 0.37; 95% CI, 0.17-0.82; P = 0.01).

regression and 95% confidence interval. DAP daptomycin,
FOS fosfomycin

Secondary Outcomes

The secondary outcomes are presented in
Table 5. Twenty-eight-day mortality (61.9% vs.
43.8%, P =0.02), clinical failure (63.6% vs.
45.8%, P =0.03), and microbiological failure
(50.0% vs. 24.2%, P = 0.008) were significantly
higher in the daptomycin monotherapy group.
As for adverse events, the hypernatremia rate
(2.8% vs. 10.4%, P =0.04) and hypokalemia
rate (15.3% vs. 33.3%, P = 0.009) were signifi-
cantly higher in the fosfomycin combination
group. The new-onset thrombocytopenia rate
was borderline higher in the monotherapy
group (27.6 vs. 17.1%, P = 0.05). CK elevation
and acute kidney injury rates were not signifi-
cantly different between the two groups. Only
one patient in the daptomycin monotherapy
group discontinued antibiotic treatment
because of adverse event of elevated CK (1714
u/l).
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Table S Secondary outcomes and adverse effects of vancomycin-resistant enterococcal bloodstream infection

Variables® Total DAP DAP + FOS P

(n = 224) (n = 176) (n = 48)
Qutcome
28-day mortality 130 (58.0) 109 (61.9) 21 (43.8) 0.02
14-day mortality 107 (47.8) 89 (50.6) 18 (37.5) 0.11
Clinical failure 134 (59.8) 112 (63.6) 22 (45.8) 0.03
Relapse 10 (4.5) 8 (4.6) 2 (42) 0.99
Microbiology failure” 68 (44.4) 60 (50.0) 8 (24.2) 0.008
Elevated creatine kinase 21 (9.4) 19 (10.8) 2 (4.2) 0.26
Creatine kinase > 2000 U/I 1(0.5) 1(0.6) 0 (0) 0.99
Thrombocytopenia® 35 (25.0) 29 (27.6) 6 (17.1) 0.05
Hypernatremia 10 (4.46) 5 (2.8) 5 (10.4) 0.04
Hypokalemia 43 (19.2) 27 (15.3) 16 (33.3) 0.009
Salt overload with clinical manifestations 9 (4.0) 6 (3.4) 3 (6.3) 0.41
Acute kidney injury 47 (21.0) 41 (23.3) 6 (12.5) 0.11
Discontinuation of antibiotic treatment due to adverse 1 (0.5) 1 (0.6) 0 (0) 0.99

events

DAP daptomycin, FOS fosfomycin

“Data are the number of cases (percentage), with Fisher’s exact test

bAmong the 153 patients with evaluable microbiology outcome

“Among the 140 patients without initial thrombocytopenia

dIncluding increased left heart failure, increased ascites, development of edema

DISCUSSION

was also significantly associated with lower
secondary outcomes, including 28-day mortal-
ity, microbiological failure, and clinical failure,
but with higher rates of hypernatremia and
hypokalemia than daptomycin alone.

The potential efficacy of combinations of
daptomycin and fosfomycin against enterococci

Linezolid or high-dose daptomycin combined
with B-lactams is currently recommended for
treatment of VRE BSI. Combinations of dapto-
mycin with fosfomycin are being evaluated
because of suboptimal outcomes and poor

prognosis with current therapy [31, 32]. In this
observational study, we found on multivariable
logistic  regression analysis that dapto-
mycin/fosfomycin was associated with lower in-
hospital mortality than daptomycin alone. We
also observed a significant reduction in the
average treatment effect favoring dapto-
mycin/fosfomycin in the AIPW analysis. The
combination of daptomycin and fosfomycin

is supported by several in vitro and in vivo
studies [18-20]. The synergistic mechanism
against VRE is attributed to the ability of fos-
fomycin to imbalance the bacterial membrane
potential and thereby reduce surface charge.
This effect enhances cationic binding of dapto-
mycin to the cell surface and facilitates bacte-
ricidal activity [19]. Several case reports and an
observational study found combination therapy
to be a promising approach to treatment of VRE
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BSI [21, 33]. The current observational study
provides further support for the concept that
daptomycin/fosfomycin combinations are more
effective than high-dose daptomycin
monotherapy for VRE BSI.

We recently reported that high-dose dapto-
mycin was associated with better clinical out-
comes in VRE BSI than lower doses combined
with fosfomycin [21]. In the current study we
maximized the daptomycin dose effect on the
outcome by including only those patients who
received a dose of > 8 mg/kg. We did not find
an association within the range of high doses of
daptomycin with clinical outcomes. This was
probably due to the similar high dose ranges of
the cohort (all > 8 mg/kg, median 9.8 mg/kg)
and the relatively small sample size. The lower
mortality associated with the fosfomycin com-
bination became insignificant as the Pitt bac-
teremia score worsened. This is not surprising
since severity of infection is the major limita-
tion for all antibiotics regardless of their
antimicrobial activity for patients with major
underlying diseases and shortened life
expectancies.

Fosfomycin has been shown to have both
direct antibacterial and synergistic activity with
daptomycin against VRE [21]. The efficacy of
the  daptomycin/fosfomycin  combination
against VRE BSI is strongly dependent on sus-
ceptibility to fosfomycin [21]. Thirty-four cases
were included in both previous and present
studies. In the current study we found that only
patients with isolates exhibiting low fosfomycin
MICs benefited from the combination with
daptomycin. The combination was not more
effective than daptomycin alone in 16 patients
with a fosfomycin MIC > 128 mg/l. This sug-
gests but does not prove that fosfomycin exerts
and an additive rather synergistic effect in
combination with daptomycin.

Though the duration of the antibiotic is an
important variable, there might be reverse cau-
sation bias. Patients who lived longer received
longer treatment. The direction of the causal
relationship could not be confirmed using the
current observational approach. In addition,
survivors had a longer time to daptomycin
treatment than non-survivors (3 vs. 2, P = 0.01).
However, the result should be interpreted with

caution. The association might be a result of
confounding by indication. Patients with more
severe VRE BSI might be associated with a
higher bacterial burden and shorter time to
blood culture positivity [34, 35]. Therefore,
these more severe patients might have a shorter
time to daptomycin treatment. We should not
overlook the importance of early antimicrobial
treatment.

Hypokalemia was the most common adverse
event among patients who received combina-
tions of daptomycin and fosfomycin. This is a
known complication of fosfomycin therapy
[32]. It appears to be related to increased renal
excretion of fosfomycin in the distal tubules.
Hypokalemia might be prevented by an exten-
ded infusion period [36]. The high sodium salt
content of fosfomycin might have contributed
to the significantly higher rate of hyperna-
tremia. We recommend frequent serum elec-
trolyte  monitoring  during fosfomycin
administration. We found a borderline signifi-
cantly higher frequency of new-onset throm-
bocytopenia in the daptomycin monotherapy
group. This might be related to significantly
higher Pitt bacteremia scores among patients
who received daptomycin monotherapy or
reflects a better prognosis for patients in the
daptomycin/fosfomycin combination group.

The strengths of this study include use of
high-dose daptomycin in both arms of the
study. We excluded B-lactam combinations to
minimize treatment heterogeneity and facilitate
a fair comparison of the two arms of the study.
We used two independent statistical methods,
multivariable logistic regression and AIPW, to
show the benefit of addition of fosfomycin to
high-dose daptomycin. The AIPW estimates the
average treatment effect and potential outcome
means from observational data. The AIPW
combines aspects of regression adjustment and
inverse-probability-weighted methods and has a
double-robust property [30, 37].

This study has several limitations. Although
we used a multivariable logistic regression
approach to control for possible confounders,
non-observable confounders remain despite our
endeavors to minimize them by applying the
AIPW balance. Blood cultures were obtained
based on the judgment of the primary care
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physician. Thus, we could not control some
misclassifications in estimating some of the
microbiological outcomes. Misclassification
may have been non-differential and could bias
the results towards null [38]. We collected only
the first isolate per patient. Therefore, we can-
not show the development of daptomycin
resistance and compare the developed resis-
tance in different treatment groups. The opti-
mal fosfomycin dose for the combination is
unknown and may have been underestimated
for patients with less susceptible isolates.

CONCLUSIONS

This study provides clinical evidence that the
combination of high-dose daptomycin with
fosfomycin improved the survival of patients
with VRE BSI compared to daptomycin alone.
The benefit of the combination was most pro-
nounced for VRE with  fosfomycin
MIC < 64 mg/l and for patients with less severe
BSI, as determined by the Pitt bacteremia score.
Randomized controlled trials are needed to
provide further evidence for the therapeutic
benefit of this combination.
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