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Obijectives: Teicoplanin, a glycopeptide, is regarded as among the drug choices for methicillin-
resistant Staphylococcus aureus (MRSA) infections. Few studies have evaluated the relationship
between teicoplanin minimal inhibitory concentrations (MICs) and outcomes among patients
with serious MRSA infections.

Subjects and methods: We investigated the relationship between teicoplanin maintenance
dose and clinical outcomes, on the completion of teicoplanin therapy, in bacteremia patients
with MRSA infection, with different teicoplanin MICs. A total of 146 adult patients with MRSA
bacteremia were enrolled at Kaohsiung Chang Gung Memorial Hospital between September
2012 and September 2015.

Results: A higher number of patients in the high-dose regimen group (6 mg/kg/12 h) had
favorable outcomes than those in the standard-dose regimen group (6 mg/kg/24 h) (84.1% vs
41.2%; p<0.01), regardless of the teicoplanin MICs. In the multivariate analysis, a Pittsburgh
bacteremia score >4 (OR, 0.07, 95% CI, 0.03-0.19) was a risk factor for an unfavorable final
clinical response, whereas high-dose teicoplanin maintenance therapy for MRSA bacteremia
was significantly associated with a favorable final response (OR, 25.3 [95% CI, 4.43-144.03]
for isolates with a teicoplanin MIC >1.5 mg/L and OR, 5.6 [95% CI, 1.57-19.91] for isolates
with a teicoplanin MIC <1.5 mg/L). Survival at 30 days was significantly better for patients
receiving high-dose teicoplanin maintenance treatment, regardless of the teicoplanin MICs of
the MRSA isolates. Patients were selected using propensity score matching, based on the inde-
pendent predictors of a favorable final outcome. After appropriate propensity score matching,
patients in the high-dose regimen group still had a statistically significant favorable outcome at
the end of treatment (84.1% vs 40.9%; p<0.01).

Conclusion: The results suggested that high-dose teicoplanin maintenance treatment is associ-
ated with more favorable outcomes than standard-dose teicoplanin maintenance treatment, for
patients with MRSA bacteremia, regardless of the teicoplanin MIC.
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Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) is an important cause of several
infectious syndromes in community and health care-associated settings.! Of these
syndromes, MRSA bacteremia seems to be associated with a longer hospital stay and
higher mortality than bacteremia caused by other bacterial pathogens.? Vancomycin
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has been the mainstay in the treatment of serious MRSA
infections.> Over the past decade, several studies have
demonstrated higher rates of vancomycin treatment failure
in patients with MRSA infection, who had vancomycin
minimal inhibitory concentrations (MICs) >1.5 mg/L,*’
despite these isolates being susceptible to vancomycin (MIC
<2.0 mg/L, according to Clinical and Laboratory Standards
Institute [CLSI] criteria).®* However, a meta-analysis of the
published data concluded that there were no statistically
significant differences in the risk of death between patients
with MRSA infection exhibiting vancomycin MICs >1.5
mg/L and those infected with strains exhibiting vancomycin
MICs <1.5 mg/L.” Nevertheless, the MIC of vancomycin
can still be considered when interpreting and determining
if alternative antistaphylococcal agents are necessary for
patients with MRS A bacteremia who have elevated but sus-
ceptible vancomycin MICs.*>” The current guidelines for the
management of patients with MRSA infections recommend
that an initial vancomycin loading dose of 25-30 mg/kg be
administered, followed by the administration of intermit-
tent maintenance doses to achieve a target serum trough
concentration of 15-20 mg/L.* Clinicians may consider
using alternative agents for MRSA infections if a patient’s
condition worsens or the vancomycin MIC is >21.5 mg/L and
the patient is critically ill.3

Teicoplanin is not approved for use in the USA, but is
widely used in Europe and Taiwan. This glycopeptide has
been reported to be comparable to vancomycin in efficacy and
is associated with fewer adverse effects than vancomycin.’
While several studies have focused on the effects of vanco-
mycin MICs on the clinical outcomes of MRSA bacteremia
patients,**7 few studies have evaluated the relationship
between teicoplanin MICs and outcomes among patients
with serious MRSA infections.!® A retrospective study con-
ducted at a single center indicated that teicoplanin MICs
>1.5 mg/L may predict unfavorable outcomes and higher
mortality among patients receiving teicoplanin for MRSA
bacteremia.!' However, another retrospective study conducted
at 2 hospitals found no significant role for teicoplanin MICs
in the prognosis of patients with teicoplanin-treated MRSA
bacteremia.!?

Theoretically, higher teicoplanin doses are indicated for
infections caused by MRSA with high teicoplanin MICs.
However, the pharmacokinetics of teicoplanin is complex,'
and the serum concentrations of the antibiotic are often not
available in clinical practice. As a result, a great variety of
dosage regimens, with different loading dosages and/or
different maintenance dosages, have been reported.'* The

findings of our previously conducted study highlighted the
importance of a higher teicoplanin maintenance dose (6 mg/
kg/12 h), especially for severe infections due to MRSA."
Nevertheless, it is still unclear whether high-dose teicoplanin
maintenance therapy confers a survival benefit to MRSA-
infected bacteremia patients who have isolates with high
teicoplanin MICs. The aim of this study was to compare
the clinical outcomes of adult bacteremia patients infected
by MRSA with different teicoplanin MICs, who received
high-dose teicoplanin as maintenance therapy (6 mg/kg/12 h)
with those of patients who received standard-dose therapy
(6 mg/kg/24 h) after the loading dose.

Subjects and methods

Study design and patients

The study was conducted at the Kaohsiung Chang Gung
Memorial Hospital, a tertiary-care medical center, with
2,700 beds, in southern Taiwan. In this current study (ethi-
cal approval and waiver of consent), the patient data were
made anonymous to maintain confidentiality. The Institu-
tional Review Board of the Chang Gung Memorial Hospital
approved the study (No. 201601482B0) and waived the
need for patient consent because of the retrospective nature
of the study.

Between September 2012 and September 2015, blood
culture records from all patients who had at least one positive
result for S. aureus were collected. Glycopeptides (vanco-
mycin and teicoplanin) were the only 2 first-line intravenous
agents available for the treatment of MRSA bacteremia;
quinupristin/dalfopristin was not available, and the use of
linezolid, daptomycin, and tigecycline was restricted during
the study period.!¢ Patients with a concurrent infection caused
by microbes other than MRSA were excluded from this study.
If a patient experienced >1 episode of MRSA bacteremia,
only the first episode was included.

During the study period, a total of 261 MRSA mono-
bacteremia patients were identified (Figure 1). Their medi-
cal charts were reviewed for the retrieval of demographic,
clinical, and laboratory data for analyses. Adult patients
(=18 years of age) who fulfilled the following criteria were
included: receipt of teicoplanin throughout the treatment
course or receipt of <24 h of vancomycin followed by
teicoplanin therapy for >3 days and adequate teicoplanin
dosage. The dose of teicoplanin was decided upon based
on the patient’s actual body weight. Adequate teicoplanin
therapy was defined as a loading teicoplanin dose of 6 mg/
kg, administered 3 times (at 12 h intervals), followed by a
maintenance dose of 6 mg/kg/12 h (defined as the high-dose
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Atotal of 370 S. aureus strains recovered from
patients with mono-bacteremia who were
hospitalized between September 2012 and

September 2015

99 (26.8%) MSSA strains were excluded

271 MRSA strains were isolated from 261 patients

Exclusion criteria and number of
patients

* Patients <18 years old: 7
* Patients did not receive
teicoplanin or adequate
loading and maintenance
doses of teicoplanin: 108

146 MRSA bacteremic patients were enrolled

Standard-dose regimen group
(6 mg/kg/24 h; n=102, 69.9%)
after 3 loading doses of
teicoplanin (6 mg/kg/12 h)

E-test for teicoplanin minimum
inhibitory concentrations

High-dose regimen group

(6 mg/kg/12 h; n=44, 30.1%)
after 3 loading doses of
teicoplanin (6 mg/kg/12 h)

Match by propensity scores at a ratio of 1:1

Standard-dose regimen
group (6 mg/kg/24 h; n=44)
after 3 loading doses of
teicoplanin (6 mg/kg/12 h)

Figure | Flow chart of patients with MRSA bacteremia.

Abbreviations: S. aureus, Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus aureus.

regimen) or 6 mg/kg/24 h (defined as the standard-dose
regimen), with adjusted equivalent doses for patients with
impaired renal function (package insert, Sanofi-Aventis S.A.,
Paris, France). The maintenance teicoplanin dosages for the
included patients were prescribed at the discretion of their
attending physicians. None of the patients received adjunctive
antibiotics for the treatment of MRSA bacteremia.

Variables and definitions

Bacteremia was categorized as community-acquired, hospi-
tal-acquired, or health care-associated. Community-acquired
bacteremia was defined as bacteremia onset within 48 h of
admission without a previous hospital stay.'”'* Hospital-
acquired bacteremia was defined as bacteremia onset at
248 h after admission. Health care-associated bacteremia
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was defined as follows: the bacteremia episode was associ-
ated with the presence of an invasive device; a recent history
of surgery, hospitalization, or dialysis (performed within
3 months before the onset of infection); or residence in a
long-term care facility within the preceding 12 months.!!
The Chronic Kidney Disease Epidemiology Collaboration
equation was used for the estimation of the glomerular fil-
tration rate in this study.!”® The clinical severity of illness, at
the time of blood sampling for cultures, was stratified using
the modified Pittsburgh bacteremia score; critical illness was
defined as a Pittsburgh bacteremia score >4 points.?

Sources of bacteremia were identified according to clini-
cal, microbiological, and imaging findings, as well as the
judgment of the physicians. The isolation of MRSA from a
patient in whom no apparent infection focus, other than the
blood, had been identified was defined as bacteremia with
no identified focus of infection; otherwise, it was referred
to as bacteremia with an identified focus of infection. Pneu-
monia (PN) referred to the presence of clinical symptoms/
signs of lower respiratory tract infection, accompanied by
consistent radiographic findings.?! Bone and joint infec-
tion was diagnosed based on clinical manifestations with
consistent histopathological and/or radiographical findings,
regardless of the MRSA isolated from the infection site.?!
Catheter-related bacteremia was diagnosed if the inserted
catheter had been in place for >72 h, the culture yielded 215
colonies of MRSA by rolling the clipped 5 cm distant tip of
the removed catheter on a culture medium, or if the culture of
the purulent discharge from the catheter exit grew MRSA.?
Infective endocarditis (IE) was diagnosed in MRSA bac-
teremia patients if the histopathology was consistent with
that observed in specimens obtained during surgery, or if
valvular vegetation was sonographically revealed, regardless
of the presence of an embolic phenomenon.? Urinary tract
infection was considered to be caused by MRSA when the
microbe was the only identified pathogen with >10° colony-
forming units/mL in the urine culture.?! Intra-abdominal
infection was defined as an infection that extended into the
peritoneal space, was associated with abscess formation or
peritonitis, and if the peritoneal fluid, bile, or intra-abdominal
abscess aspiration culture yielded MRSA.?*% Soft tissue
infection was considered to be caused by MRSA when the
microbe grew from the specimen sampled from the affected
site.?!

Outcome measures
Early clinical response was assessed on day 7 after teico-
planin therapy initiation, while the evaluation upon the

completion of teicoplanin therapy was defined as the final
clinical response. Patients were evaluated on day 7 for the
presence of 1) fatality resulting from MRSA bacteremia,
2) septic shock, 3) persistent bacteremia, 4) persistent fever,
and 5) persistent leukocytosis; favorable and unfavorable
early clinical responses were defined as the absence and
presence of any of these findings, respectively."”” The final

EERNT3

clinical responses were categorized as “cure,” “improve-
ment,” or “failure.” “Cure” was defined as the resolution of
clinical signs and symptoms and a negative culture report at
the end of therapy. “Improvement” was defined as a partial
resolution of clinical signs and symptoms based on clini-
cal adjustment, with additional antibiotic therapy required.
Patients with 1) clinical progression or relapse of sepsis
that had previously improved clinically, 2) fatality, and/
or 3) culture of the blood sample at the end of teicoplanin
treatment testing positive for MRSA were defined as having
treatment failure. “Cure” and “improvement” were classified
as favorable outcomes, while “failure” was classified as an
unfavorable outcome.'®

Sepsis-related mortality was defined as fatality in an
MRSA bacteremia patient with positive blood cultures or
persistent signs of sepsis and no other definite causes of death.
Thirty-day inhospital mortality was defined as all causes of
mortality occurring within 30 days of hospitalization after
the onset of MRSA bacteremia.'

Microbiological studies

The microorganisms isolated from the blood cultures
were detected using a BD BACTEC FX system (Becton,
Dickinson Microbiology System, Sparks, MD, USA).
Gram-positive cocci in clusters were detected by micro-
scopic inspection after Gram staining. The subsequent
identification of S. aureus was performed with catalase-
positive, coagulase-positive, and ornithine-negative reac-
tions, according to standard methods,?® and methicillin
susceptibility testing was done using the disk diffusion
method on Miieller—Hinton agar, in which cefoxitin (30 pg)
produced an inhibition zone of <21 mm, according to the
CLSI recommendation.® The teicoplanin MIC was deter-
mined using Etest® teicoplanin strips (AB Biodisk, Solna,
Sweden) with an inoculum that had a turbidity equivalent
to that of a 0.5 McFarland standard, brain heart infusion
agar, and incubation period of 24 h at 35°C-37°C. An inter-
nal control was testing S. aureus ATCC 29213. The MIC
breakpoint for teicoplanin resistance was set at >2 mg/L, in
accordance with the European Committee on Antimicrobial
Susceptibility Testing.?’
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Statistical analysis

In the univariate analysis, a Student’s #-test or Mann—Whitney
U test was used for comparisons between continuous vari-
ables, whereas a %2 test or Fisher’s exact test was used for
comparisons between dichotomous variables. Multivariate
analysis was performed using logistic regression to identify
the factors that independently affected the outcomes. Vari-
ables with a p-value <0.1 in the univariate analyses were
included in the multivariate analysis. Kaplan—-Meier estima-
tion was used to plot the 30-day survival curve for each study
group, with the start of the follow-up period defined as the
date of teicoplanin maintenance therapy after the loading
doses. A log-rank test was used to compare the 2 survival
curves. Goodness of fit was assessed by the Hosmer and
Lemeshow statistic. Receiver operating characteristic curve
analysis was used to evaluate the predictive performance of
the logistic regression model. To reduce the effects of the
potential confounders that might result from the diverse char-
acteristics among patients receiving high-dose teicoplanin
and standard-dose teicoplanin therapies after a loading dose,
we adjusted for differences in the baseline characteristics
between the treatment groups by propensity score match-
ing analysis. The propensity score was calculated using the
independent predictors of favorable final outcome assessed
using a multivariable logistic regression model. Each patient
receiving high-dose teicoplanin therapy was matchedona 1:1
basis to a patient receiving standard-dose teicoplanin therapy
who had a similar propensity score, as described previously.?
A maximum difference of 5% was allowed in the matching
process. Statistical analysis was performed using SPSS ver-
sion 21 (IBM Corporation, Armonk, NY, USA). All tests
were 2-tailed. Variables with a p-value <0.05 were regarded
as statistically significant.

Results

A total of 146 adult MRS A bacteremia patients were included
and categorized into 2 groups based on the teicoplanin
maintenance dosing: the standard-dose regimen group (ST;
teicoplanin 6 mg/kg/24 h and adjusted equivalents for renal
insufficiency, n=102) and the high-dose regimen group (HI;
teicoplanin 6 mg/kg/12 h and adjusted equivalents for renal
insufficiency, n=44) (Figure 1). The MIC distribution of
teicoplanin against the 146 MRSA bloodstream infection
strains is demonstrated in Figure S1. There were no statisti-
cal differences in the MIC distribution of teicoplanin for the
MRSA isolates among these 2 groups. Similar demographic
and clinical features (including MRSA teicoplanin MICs)
were found in the 2 groups, except for a shorter duration of
therapy (11 versus 14 days, p=0.02) and a higher proportion

of impaired renal function (30.4% versus 0%, p<0.01) found
in the ST. Patients in the HI had significantly favorable early
clinical responses (p=0.02) and final clinical responses
(p<0.01), lower 30-day overall mortality (p<0.01), and lower
sepsis-related mortality (p=0.01) (Table 1).

Table I Comparisons of demographic and clinical features of
MRSA bacteremic patients who received maintenance teicoplanin
(ST vs HI) after loading doses

Variables ST Hi p-value
(n=102) (n=44)
Male gender, n (%) 60 (58.8) 29 (65.9) 046
Age, median (range), years 71 (61-81) 67 (56-83) 0.60
Community-acquired, n (%) 6(5.9) 6 (13.6) 0.19
Hospital-acquired, n (%) 81 (794) 30(68.2) 020
Health care-associated, n (%) 15(14.7) 8(18.2) 0.63
Duration of therapy, median (range), |1 (5-15) 14 (7-18) 0.02
days
Comorbidities and disease severity,* n (%)
Coronary artery disease 29 (284) 8(182) 0.22
Diabetes mellitus 52 (51.0) 17 (38.6) 0.2l
Hypertension 53 (520) 1943.2) 037
Solid tumor 16 (15.7) 12(27.3) 0.1l
Hematological malignancy 1 (1.0) 1 (2.3) 0.51
Liver cirrhosis 16 (15.7) 4 (9.1) 0.43
COPD 13(127) 10(22.7) 0.14
Congestive heart failure 22 (21.6) 6 (13.6) 0.36
eGFR median (range), mL/min 77 (5-95) 79 (67-95) 0.08
eGFR <60 mL/min/1.73 m? 31 (304 O <0.01
Cardiovascular diseases 40 (39.2) 20 (45.5) 058
Prosthetic device implantation 31 304) |1 (25.0) 0.56
Pittsburgh bacteremia score >4 39382 |1 (25.0) 0.13
Source of bacteremia,® n (%)
Catheter-related infection 24 (23.5) 8(18.2) 0.52
Bone and joint infection 16 (15.7) 11 (25.0) 0.25
IE 8(7.8) 5(11.4) 0.53
SSTI 19 (18.6) 6 (13.6) 0.63
1Al 6 (5.9) 2 (4.5) >0.99
UTI 1 (1.0) 1 (2.3) 0.51
PN 14 (13.7) 8(18.2) 0.62
No identified focus of infection 14 (13.7) 3 (6.8) 0.28
Teicoplanin MIC for MRSA isolates
MICs of teicoplanin, median 1.0 (I-1.5) 1.0 (I1-1.5) 0.86
(range), mg/L
Teicoplanin MICs 21.5 mg/L, n (%) 49 (48.0) 21 (47.7)  >0.99
Outcome, n (%)
Favorable outcome at short-term 48 (47.1) 30 (68.2) 0.02
point®
Favorable outcome at the end of 42 (41.2) 37 (84.1) <0.01
treatment?
30-days overall mortality 45 (44.1) 8(18.2) <0.01
Sepsis-related mortality 37 (36.3) 6(13.6) 0.0l

Notes: *At sampling blood for culture. ®A patient might have >| bacteremia source.
“Assessment on day 7 after starting teicoplanin therapy. “Evaluation at completion
of teicoplanin therapy.

Abbreviations: COPD, chronic obstructive pulmonary disease; eGFR, estimated
glomerular filtration rate; HI, high-dose regimen group; IAl, intra-abdominal
infection; IE, infective endocarditis; MIC, minimum inhibitory concentration; MRSA,
methicillin-resistant Staphylococcus aureus; PN, pneumonia; SSTI, skin and soft tissue
infection; ST, standard-dose regimen group; UTI, urinary tract infection.
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Compared to the patients with a favorable clinical
response (Table 2), those with unfavorable clinical responses
had a higher proportion of coronary artery disease (34.3%
versus 17.7%, p=0.02), Pittsburgh bacteremia score >4
(59.7% versus 12.7%, p<0.01), and IE (14.9% versus 3.8%,
p=0.02). The patients in the ST who had MRSA isolates
with teicoplanin MICs >1.5 mg/L also had more unfavorable
clinical responses (49.3% versus 20.3%, p<0.01). Patients
with favorable clinical responses had a higher proportion
of community-acquired bacteremia (13.9% versus 1.5%,

p=0.01), treatment with the high-dose regimen (46.8% versus

10.4%, p<0.01), treatment with the high-dose regimen for
MRSA isolates with teicoplanin MICs <1.5 mg/L (22.8%
versus 7.5%, p=0.01), and treatment with the high-dose regi-
men for MRSA isolates with teicoplanin MICs >1.5 mg/L
(24.1% versus 3.0%, p<0.01).

In multivariate analysis (Table 3), a Pittsburgh bacteremia
score >4 was an independent risk factor for an unfavorable
final response (OR, 0.07; 95% CI, 0.03-0.19, p<0.01).
Patients in the HI were likelier to have a favorable final

Table 2 Comparison of demographic and clinical features between MRSA bacteremic patients with favorable and unfavorable final

clinical responses®

Variables Unfavorable outcomes (n=67) Favorable outcomes (n=79)  p-value

Male gender, n (%) 37 (55.2) 52 (65.8) 0.23

Age median (range), years 72 (61-81) 67 (57-79) 0.12

Community-acquired, n (%) 1 (1.5) 11 (13.9) 0.0l

Hospital-acquired, n (%) 55 (82.1) 56 (70.9) 0.12

Health care-associated, n (%) Il (16.4) 12 (15.2) >0.99

Duration of therapy, median (range), days 7 (4-13) 14 (9-17) <0.01

Comorbidities and disease severity,” n (%)

Coronary artery disease 23 (34.3) 14 (17.7) 0.02
Diabetes mellitus 32 (47.8) 37 (46.8) >0.99
Hypertension 36 (53.7) 36 (45.6) 0.41
Solid tumor 12(17.9) 16 (20.3) 0.83
Hematological malignancy I (1.5) 1(1.3) >0.99
Liver cirrhosis 10 (14.9) 10 (12.7) 0.81
COPD 12 (7.9) 11 (13.9) 0.65
Congestive heart failure 16 (23.9) 12 (15.2) 0.21
eGFR, median (range), mL/min 65 (5-95) 67 (5-95) 0.67
eGFR <60 mL/min/1.73 m? 17 (25.4) 14 (17.7) 0.31
Prosthetic device implantation 23 (34.3) 19 (24.1) 0.20
Pittsburgh bacteremia score >4 40 (59.7) 10 (12.7) <0.01

Source of bacteremia,® n (%)

Catheter-related infection 16 (23.9) 16 (20.3) 0.69
Bone and joint infection 8 (11.9) 19 (24.1) 0.09
IE 10 (14.9) 3(3.8) 0.02
SSTI 7 (10.4) 18 (22.8) 0.08
1Al 3 (4.5) 5(6.3) 0.73
uTl 0 2 (2.5) 0.50
PN 14 (20.9) 8 (l0.1) 0.10
No identified focus of infection 9(13.4) 8 (10.1) 0.6l

Teicoplanin MIC for MRSA isolates and treatment with teicoplanin maintenance dose
MICs of teicoplanin, median (range), mg/L 1.5 (1-1.5) 1 (1-1.5) 0.23
HI, n (%) 7 (10.4) 37 (46.8) <0.01
Teicoplanin MICs 1.5 mg/L, n (%) 35(52.2) 35 (44.3) 0.41
ST for isolates with teicoplanin MICs <I.5 mg/L, n (%) 27 (40.3) 26 (32.9) 0.39
ST for isolates with teicoplanin MICs >1.5 mg/L, n (%) 33 (49.3) 16 (20.3) <0.01
HI for isolates with teicoplanin MICs <1.5 mg/L, n (%) 5(7.5) 18 (22.8) 0.0l
HI for isolates with teicoplanin MICs >1.5 mg/L, n (%) 2 (3.0 19 (24.1) <0.01

Notes: There was adequate goodness of fit (Hosmer and Lemeshow test, %?=0.51, p=0.92). Receiver operating characteristic analysis indicated that predictive performance
of logistic regression model was adequate (area under the curve =0.84). *Evaluation at the completion of teicoplanin therapy. At sampling blood for culture. A patient might

have >1| bacteremia source.

Abbreviations: COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; HI, high-dose regimen group; IAl, intra-abdominal infection; IE,
infective endocarditis; MIC, minimum inhibitory concentration; MRSA, methicillin-resistant Staphylococcus aureus; PN, pneumonia; SSTI, skin and soft tissue infection; UTI,

urinary tract infection; ST, standard-dose regimen group; HI, high-dose regimen group.
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Table 3 Multivariate analysis of the risk factor for favorable final clinical outcome in patients treated with teicoplanin for MRSA

bacteremia

Variables, n (%) Favorable

outcomes (n=79)

Unfavorable Multivariate analysis

outcomes (n=67)

OR (95% CI) p-value
Patients with Pittsburgh bacteremia score >4 10 (12.7) 40 (59.7) 0.07 (0.03-0.19) <0.01
HI for isolates with teicoplanin MIC >1.5 mg/L 19 (24.1) 2 (2.9) 25.3 (4.43-144.03) <0.01
HI for isolates with teicoplanin MIC <1.5 mg/L 18 (22.8) 5(7.5) 5.6 (1.57-19.91) 0.01

Abbreviations: Hl, high-dose regimen group; MIC, minimum inhibitory concentration; MRSA, methicillin-resistant Staphylococcus aureus; OR, odds ratio.

response (OR, 25.3 [95% CI, 4.43—144.03], p<0.01 for iso-
lates with teicoplanin MICs >1.5 mg/L and OR, 5.6 [95%
CI, 1.57-19.91], p=0.01 for isolates with teicoplanin MICs
<1.5 mg/L) (Table 3).

A total of 26 (38.9%) patients including 23 in the stan-
dard-dose group and 3 in the high-dose group with an unfa-
vorable clinical response to teicoplanin received alternative
agents for MRSA bacteremia. Of the 15 (57.7%) patients who
switched to daptomycin, with an overall mortality of 53.3%,
6 were found to have catheter-related bacteremia, 4 had IE,
2 had bone and joint infections, 2 had PN, and 1 had soft
tissue infection. Of the 11 patients (42.3%) who switched to
linezolid, with an overall mortality of 81.8%, 3 were found
to have IE, 3 had bone and joint infection, 2 had PN, 2 had
catheter-related bacteremia, and 1 had bacteremia with no
identified focus of infection.

A total of 44 patients in the HI could be matched with 44
patients in the ST, based on the propensity score. Compared to
the matched patients receiving the standard-dose teicoplanin
regimen, those receiving the high-dose teicoplanin regimen
had statistically significant favorable outcomes at the end of
treatment (p<0.01), lower 30-day overall mortality (p=0.02),
and lower sepsis-related mortality (p=0.02) (Table 4).

In the subgroup analysis of patients infected with MRSA
isolates that had teicoplanin MICs >1.5 mg/L, the sepsis-
related mortality of patients in the ST (42.9%, 21/49) was
higher than that of patients in the HI (9.5%, 2/21). For those
patients with bacteremic episodes caused by isolates with
teicoplanin MICs <1.5 mg/L, the sepsis-related mortality
was similar between the standard-dose regimen and HIs
(30.1% [16/53] versus 17.3% [4/23], p=0.40) (Figure 2).
On examining the sepsis-related mortality, according to the
source of MRSA bacteremia, a higher mortality was observed
in patients with bacteremic PN who were treated with the
standard-dose regimen than in those treated with the high-dose
regimen (85.7% [12/14] versus 0% [0/8]; p< 0.01; Figure 3).

Additionally, patients were grouped according to the
teicoplanin maintenance dosage (standard-dose or HI) and

further stratified by the teicoplanin MICs. Groups 14 rep-
resented the ST with MRSA isolates with teicoplanin MICs
<1.5 mg/L, the ST with MRSA isolates with teicoplanin
MICs 21.5 mg/L, the HI with MRSA isolates with teico-
planin MICs <1.5 mg/L, and the HI with MRSA isolates
with teicoplanin MICs >1.5 mg/L, respectively. The log-rank
tests for survival at 30 days favored the HIs, regardless of
the teicoplanin MICs (Groups 3 and 4; Figure 4). Moreover,
among patients who received the standard-dose regimen,
those infected with isolates with teicoplanin MICs <1.5 mg/L
had a higher survival rate than those infected with isolates
with teicoplanin MICs 21.5 mg/L (Group 1 versus Group 2,
p=0.03) (Figure 4).

Discussion
This study assessed the final clinical responses, sepsis-related
mortality, and overall mortality of adult MRSA-infected
bacteremia patients who received high-dose or standard-
dose teicoplanin maintenance treatment after loading doses
of teicoplanin. All the analyses suggested that the patients
receiving high-dose teicoplanin maintenance treatment had
favorable outcomes, regardless of the teicoplanin MICs.
Standard-dose teicoplanin maintenance treatment may not
be a suitable option for the treatment of MRSA infections,
particularly if the teicoplanin MICs are 1.5 mg/L.
Although several studies have reported that vancomycin
MICs =1.5 mg/L were associated with a higher rate of vanco-
mycin treatment failure for MRSA infections,”'” more studies
are warranted to confirm whether the finding also applies to
MRSA bacteremia with teicoplanin MICs >21.5 mg/L. Chang
et al'' conducted a single-center study of 101 patients who
received 6 mg/kg/d of maintenance teicoplanin therapy for
MRSA bacteremia. In agreement with their finding, which
showed that a teicoplanin MIC cutoff value of 1.5 mg/L
could be used as a predictor for the outcomes of patients with
teicoplanin-treated MRSA bacteremia, our study showed
that patients in the ST (6 mg/kg/24 h) infected with MRSA
with teicoplanin MICs >1.5 mg/L also had unfavorable final
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Table 4 Comparisons of demographic and clinical features of MRSA bacteremic patients who received maintenance teicoplanin (ST vs

HI group) after loading doses, adjusted by propensity score matching

Variable ST (n=44) HI (n=44) p-value
Male gender, n (%) 30 (68.8) 29 (65.9) >0.99
Age, median (range), years 67 (56-81) 67 (56-83) 0.87
Community-acquired, n (%) 6 (13.6) 6 (13.6) >0.99
Hospital-acquired, n (%) 29 (65.9) 30 (68.2) >0.99
Health care-associated, n (%) 9 (20.4) 8(18.2) >0.99
Duration of therapy, median (range), days 14 (7-15) 14 (7-18) 0.28
Comorbidities and disease severity,* n (%)
Coronary artery disease 9 (20.4) 8(18.2) >0.99
Diabetes mellitus 20 (45.4) 17 (38.6) 0.67
Hypertension 16 (36.4) 19 (43.2) 0.66
Solid tumor 8(18.2) 12 (27.3) 0.45
Hematological malignancy 1(2.3) 1 (2.3) >0.99
Liver cirrhosis 6 (13.6) 4 (9.1 0.74
COPD 13 (29.5) 10 (22.7) 0.48
Congestive heart failure 10 (22.7) 6 (13.6) 0.41
eGFR median (range), mL/min 78 (15-95) 79 (67-95) 0.19
eGFR <60 mL/min/1.73 m? 12 (27.2) 0 <0.01
Cardiovascular diseases 18 (40.9) 20 (45.5) 0.83
Prosthetic device implantation 8(18.2) I'1(25.0) 0.6l
Pittsburgh bacteremia score >4 10 (22.7) 11 (25.0) 0.8l
Source of bacteremia,® n (%)
Catheter-related infection 6 (13.6) 8(18.2) 0.77
Bone and joint infection 9 (20.5) I'1(25.0) 0.80
IE 5(11.4) 5(11.4) >0.99
SSTI 4 (9.1 6 (13.6) 0.53
1Al 1(2.3) 2 (4.5) >0.99
UTI I (2.3) 1 (2.3) >0.99
PN 10 (22.7) 8(18.2) 0.6l
No identified focus of infection 8(18.2) 3 (6.8) 0.20
Teicoplanin MIC for MRSA isolates
MIC:s of teicoplanin, median (range), mg/L 1.0 (1-1.5) 1.0 (1-1.5) 0.88
Teicoplanin MICs 21.5 mg/L, n (%) 21 (47.7) 21 (47.7) >0.99
Outcome, n (%)
Favorable outcome at short-term point® 20 (45.4) 30 (68.2) 0.05
Favorable outcome at the end of treatment® 18 (40.9) 37 (84.1) <0.01
30-days overall mortality 19 (43.2) 8 (18.2) 0.02
Sepsis-related mortality 16 (36.3) 6 (13.6) 0.02

Notes: *At sampling blood for culture. ®A patient might have >| bacteremia source. ‘Assessment on day 7 after starting teicoplanin therapy. ‘Evaluation at completion of

teicoplanin therapy.

Abbreviations: COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; HI, high-dose regimen group; IAl, intra-abdominal infection;lE,
infective endocarditis; IVDU, intravenous drug use; MIC, minimum inhibitory concentration; MRSA, methicillin-resistant Staphylococcus aureus; PN, pneumonia; SSTI, skin and

soft tissue infection; ST, standard-dose regimen group; UTI, urinary tract infection.

outcomes (49.3% versus 20.3%, p<0.01, Table 2). However,
the variable, teicoplanin MIC >1.5 mg/L, was not an indepen-
dent risk factor for the prediction of unfavorable final clinical
outcomes in the multivariate analysis (Table 3).

In another study of 270 patients with teicoplanin-treated
MRSA bacteremia conducted at 2 medical centers,'? teico-
planin MICs were not statistically significant predictors of
clinical outcomes. Although all the patients in that study
received teicoplanin as initial therapy for >3 days, at a main-
tenance dose of 6 mg/kg/d, adjusted for their renal function,

only the severity of bacteremia, as reflected by the presence
of septic shock and an elevated C-reactive protein level, was
an independent risk factor for unfavorable outcomes at the
end of teicoplanin therapy.? In addition to the severity of
bacteremia, the findings of our previously conducted study'’
as well as those of the present study highlight the importance
of high teicoplanin maintenance dosing in treating severe
MRSA infections.

The poorer outcomes observed when the MRSA teico-
planin MICs were >1.5 mg/L could be attributed to ineffective
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2/21
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Standard-dose regimen High-dose regimen
group group

Figure 2 Sepsis-related mortality among patients treated with teicoplanin for MRSA
bacteremia.

Notes: Cases are grouped according to teicoplanin maintenance dose (ST or HI)
and further stratified by teicoplanin MICs. Numbers of cases with mortality among
the total case numbers in the respective group are indicated. Comparison between
groups was performed using the 2 test or Fisher’s exact test, as appropriate. The
results are indicated as 2-tailed p-values, with p<0.05 being statistically significant.
Abbreviations: HI, high-dose regimen group; MIC, minimum inhibitory
concentration; MRSA, methicillin-resistant Staphylococcus aureus; ST, standard-dose
regimen group.

treatment, secondary to suboptimal dosage, or other micro-
biological characteristics of the causative organism. Some
experts have suggested that the serum teicoplanin trough level
should be kept at 210 mg/L to ensure successful treatment,
for MRSA bacteremia.?® Given that teicoplanin’s bactericidal
activity is dependent upon the concentration—time curve to
MIC ratio (area under the curve [AUC,,/MIC]) and the peak
concentration to MIC ratio, administering higher doses could
have a positive impact on patient outcomes. According to
previously conducted studies,'**° the teicoplanin minimum
concentration (C__ )averaged 10 mg/L on day 6, in patients
receiving teicoplanin maintenance doses of 6 mg/kg/24 h,
after loading doses of 6 mg/kg/12 h; furthermore, the teico-
planin C__was 10 mg/L on day 2 in patients in whom teico-
planin maintenance doses of 6 mg/kg/12 h were continued
to be administered after loading doses of 6 mg/kg/12 h.!43°
The abovementioned data may explain the presence of sta-
tistically significant favorable early responses, final clinical
responses, and lower sepsis-related mortality in the HI in
our study compared to those in the ST, as a C__ =10 mg/L
could only be anticipated in the ST on day 6, whereasa C

Survival number
Sepsis-related mortality

p>0.99

30
p=0.64
25
20 p=0.62
9]
€
2 15 17
?
8 p=0.99
10 13 17
3
5 , 10
3 7
5
0 2 1 3 2
ST HI ST HI STHI
IE Catheter Bone &
(13) (32) joint (25)
(27)

ST HI
SSTI

p<0.01 p>0.99
2
p>0.99 8
0.99 12
p>0.
4 8
6
2
2 2 11 1
ST HI ST HI ST HI ST HI
1Al UTI PN Unknown
(8) (2) (22) (17)

*ST: standard-dose regimen group
«HI: high-dose regimen group

Figure 3 Sepsis-related mortality of patients with MRSA bacteremia treated with teicoplanin, according to source of infection and maintenance dose (standard-dose or

high-dose) after loading doses of teicoplanin.

Notes: Numbers of cases with survival or mortality in the respective group are indicated. Comparison between groups was performed using the y? test or Fisher’s exact
test, as appropriate. The results are indicated as 2-tailed p-values, with p<0.05 being statistically significant.

Abbreviations: Bone & joint, bone and joint infection; Catheter, catheter-related infection; IAl, intra-abdominal infection; IE, infective endocarditis; MRSA, methicillin-
resistant Staphylococcus aureus; PN, pneumonia; SSTI, skin and soft tissue infection; Unknown, no identified focus of infection; UTI, urinary tract infection.
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Figure 4 Kaplan—Meier survival curve for patients treated with teicoplanin for MRSA bacteremia.

Notes: Cases are grouped according to treatment with teicoplanin maintenance dose ST or HI group) and further stratified by teicoplanin MICs. A log-rank test was used
to compare the 2 survival curves. The results are indicated as 2-tailed p-values, with p<0.05 being statistically significant. Group |: ST, teicoplanin MICs <I.5 mg/L for MRSA
isolates (n=53); Group 2: ST, teicoplanin MICs >1.5 mg/L for MRSA isolates (n=49); Group 3: HI, teicoplanin MICs <I.5 mg/L for MRSA isolates (n=23); and Group 4: HI,

teicoplanin MICs 1.5 mg/L for MRSA isolates (n=21).

Abbreviations: Hl, high-dose regimen group; MIC, minimum inhibitory concentration; MRSA, methicillin-resistant Staphylococcus aureus; ST, standard-dose regimen group.

>10 mg/L could be achieved 4 days earlier in the HI (day 2).
The higher rate of clinical failure in the ST is potentially a
reflection of the inability to reach the AUC, /MIC target
when the teicoplanin MIC exceeds 1 mg/L. It is to be noted
that an increased maintenance dosage of teicoplanin did not
increase the prevalence of adverse events in other studies.'**'!
If the teicoplanin MICs are >1.5 mg/L, patients are still
likely to safely tolerate higher teicoplanin doses than would
be required to achieve the AUC, /MIC target to optimize
activity against MRSA. Further pharmacodynamic studies
focusing on teicoplanin for the treatment of such infections
are warranted.

One previously conducted study showed that the MRSA
isolates of ST5 had a significantly increased proportion of
high teicoplanin MICs.'? ST5 is the predominant MRSA
strain in some Asian countries, and the prevalence of ST5
has increased in Taiwan recently.*? In addition, an upward
creep has been reported in the teicoplanin MICs for MRSA
isolates.** The proportions of teicoplanin MICs >1.5 mg/L
among the MRSA strains isolated from our patients, who
were hospitalized from September 2012 to September 2015,
were 37.3%, 51.5%, and 54.9%, respectively (p for trend,
<0.01). As a result, it is important to continue monitoring
the molecular epidemiology of clinical MRSA isolates and
the teicoplanin MICs among these MRSA isolates.

The finding that significantly favorable clinical out-
comes were found in the subgroup of patients with MRSA
bacteremic PN who received high-dose teicoplanin mainte-
nance treatment (Table 3) is in agreement with other reports
suggesting that a higher teicoplanin dose is indicated for
the treatment of severe MRSA infections.'>?’ The sepsis-
related mortality of patients with IE did not significantly
differ between the patients receiving high-dose teicoplanin
maintenance therapy and those receiving standard-dose
therapy. This could be attributed to the low number of IE
cases in our cohort. Although more studies are needed to
confirm these findings, an increasing trend of mortality
with standard-dose teicoplanin maintenance treatment was
observed among patients with bacteremia related to deep-
seated infections.

There are several limitations to our study. First, this was
a retrospective, chart review study at a single institution,
which enrolled a limited number of patients with MRSA
bacteremia, and therefore, there were missing data in the
charts, which may compromise our study’s generalizability,
analytic results, and causal inference. The maintenance dose
was prescribed at the discretion of the attending physician,
and this could be heavily biased. To minimize the confound-
ing factors, subgroup analysis, multivariate analysis, and
propensity score matching analysis were performed. All these
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analytical results led to the same finding that high-dose tei-
coplanin maintenance therapy was associated with favorable
outcomes in patients with MRSA bacteremia, regardless of
the teicoplanin MIC values. However, prospective, random-
ized, controlled comparative efficacy trials are needed to
validate our findings. Second, molecular analyses were not
performed to identify the specific MRSA strains and clones
that may have been prevalent in the hospital during the study
period. MRSA strains with specific resistance genes may have
an influence on MICs.'®** Third, there is a large variability in
the pharmacokinetics of teicoplanin,'*3! and this could also
be important in our study. Analyses of the serum teicoplanin
levels of the affected patients were not performed, as no com-
mercialized methods were available to determine the serum
teicoplanin levels during the study period. Although all the
patients with impaired renal function (estimated glomerular
filtration rate <60 mL/min/1.73 m?) received standard-dose
teicoplanin maintenance therapy, impaired renal function was
not identified as an independent risk factor for unfavorable
outcomes in the multivariable analysis.

Conclusion

Demonstrating a relationship between teicoplanin doses
and clinical outcomes would be extremely useful to inform
clinical practice. Our study showed that a high Pittsburgh
bacteremia score was an independent risk factor for unfa-
vorable final clinical outcomes. Patients receiving high-
dose teicoplanin maintenance treatment had favorable
outcomes for MRSA bacteremia, regardless of the teico-
planin MIC values. A suboptimal clinical outcome may be
anticipated when standard-dose teicoplanin is administered
as maintenance therapy for bacteremia caused by MRSA
with MICs 21.5 mg/L. To determine whether teicoplanin
MICs and/or high-dose teicoplanin maintenance therapy
play a significant role in the outcomes of patients with
teicoplanin-treated MRSA bacteremia, further studies are
needed.
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Figure S1 MIC distribution of teicoplanin in the 146 MRSA bloodstream infection strains.
Notes: (%) indicates percentage of isolates with different MICs among strains in ST or HI groups. There were no statistical differences in MIC distribution of teicoplanin for

MRSA isolates among these 2 groups.

Abbreviations: Hl, high-dose regimen group; MIC, minimum inhibitory concentration; MRSA, methicillin-resistant Staphylococcus aureus; ST, standard-dose regimen group.
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