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ARTICLE INFO ABSTRACT

Keywords: Introduction: Because of thrombocytopenia, linezolid treatment tends to be stopped before the completion of
T?dlz"l_ld therapy for complicated infections that require prolonged antimicrobial administration. In contrast, tedizolid
Linezolid shows a favorable hematologic profile. The primary end-point of this study was to evaluate the efficacy of
Thrombocytopenia

switching treatment to tedizolid in patients who developed thrombocytopenia during linezolid therapy.
Methods: This retrospective study was conducted in patients with vertebral osteomyelitis (VO) caused by
antibiotic-resistant Gram-positive bacteria. Treatment failure was defined as the reappearance of infection signs
within 2 weeks after stopping tedizolid and discontinuation of tedizolid because of continued thrombocytopenia
or other adverse effects.

Results: Eight patients with native VO (n = 3) and postoperative VO (n = 5) were included in the study. The
causative organisms were MRSA in all patients except one. Platelet counts decreased from 35.2 + 11.5 x 104/
mm? to 17.8 + 6.2 x 10%/mm°® during linezolid therapy and improved without washout period in all patients
after switching to tedizolid on days 5-7 (28.6 & 4.9 x 10*/mm?®, p = 0.002). Tedizolid therapy was completed
and treatment failure was not observed in any patient. The duration of treatment was 20.0 + 11.2 days for
linezolid and 30.3 + 9.5 days for tedizolid (total, 50.3 + 10.7 days). One patient died because of underlying
disease, and there was no recurrence in the remaining 7 patients (median follow-up 501 days).

Conclusions: Switching therapy to tedizolid improved thrombocytopenia that occurred during linezolid therapy,
and it enabled the completion of therapy for VO patients.

Vertebral osteomyelitis
Methicillin-resistant Staphylococcus aureus

Oxazolidinones are a class of antibiotics that are widely used for the
treatment of antibiotic-resistant Gram-positive organisms including
methicillin-resistant Staphylococcus aureus (MSRA). These antibiotics
have a novel model of action; they inhibit bacterial protein synthesis by
binding to the 50S ribosomal subunit and impair mitochondrial protein
synthesis [1]. The prolonged use of linezolid is associated with side

effects, such as myelosuppression, lactic acidosis and peripheral neu-
ropathies, and the inhibition of mitochondrial protein synthesis is
thought to be the underlying mechanism for these effects [1].
Vertebral osteomyelitis is mainly caused by hematogenous seeding
of the adjacent disc space from a distant focus or direct inoculation of
micro-organisms into the spine caused by trauma or surgery [2].
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Linezolid has provided good efficacy in difficult-to-treat vertebral
osteomyelitis from resistant Gram-positive organisms [3]. Rayner et al.
[4] reported that linezolid was successful in treating patients with
osteomyelitis caused by resistant Gram-positive organisms, and a
reduction in hemoglobin/hematocrit and platelet counts was the most
common adverse effect. Takahashi et al. [5] reported that linezolid
treatment >14 days, creatinine clearance (<50 mL/min) and respiratory
tract infection were independent risk factors for thrombocytopenia.
Although 6-8 weeks of pathogen-directed antibiotic therapy may be
sufficient for low-risk patients with hematogenous vertebral osteomye-
litis, prolonged duration of treatment (>8 weeks) is required for patients
with MRSA. Because of the adverse effects, patients tend to discontinue
linezolid before the completion of therapy [5].

Tedizolid is a novel oxazolidinone and has additional target site in-
teractions, as reflected in its lower minimum inhibitory concentration
(MIC) against Gram-positive pathogens compared with that of linezolid
[6]. The absolute oral bioavailability of tedizolid after a single 200 mg
dose of tedizolid was 91%; the pharmacokinetic parameters of tedizolid
were similar to those of oral and intravenous administration [7]. In
phase 3 clinical trial, tedizolid showed noninferior efficacy relative to
that of linezolid for the management of acute bacterial skin and skin
structure infection [8]. Furthermore, compared with linezolid, tedizolid
was associated with lower rates of thrombocytopenia during study days
11-13 [9]. In a recent study, long-term use of tedizolid resulted in lower
myelotoxicity than linezolid in osteoarticular infections and prosthetic
joint infections [10]. The primary end-point of this study was to evaluate
the efficacy to continue oxazolidinone therapy with switching to tedi-
zolid in patients with vertebral osteomyelitis who developed thrombo-
cytopenia during linezolid therapy.

This retrospective study was conducted between August 2018 and
November 2021. The study was approved by the ethics committee of
Hyogo College of Medicine (No. 3558). Initially, we searched for pa-
tients with infection from antibiotic-resistant Gram-positive bacteria
who used tedizolid because of thrombocytopenia induced by linezolid.
Among these patients, adult patients with vertebral osteomyelitis were
included in the study.

Patients were diagnosed using criteria from clinical practice guide-
lines for the diagnosis and treatment of native vertebral osteomyelitis in
adults by the Infectious Diseases Society of America [11]. Spine mag-
netic resonance imaging was performed in patients with suspected
vertebral osteomyelitis. Patients with culture-negative pyogenic verte-
bral osteomyelitis were excluded. Causative organisms were determined
by blood cultures or aspiration biopsy and by specimens obtained during
debridement procedure. Management was carried out by an orthopedic
surgeon, and debridement surgery and removal or exchange of ortho-
pedic devices was performed when necessary. Antibiotic treatment was
supervised by the antimicrobial stewardship (AS) team.

Patient comorbidities, antibiotics with activity against MRSA before
use of linezolid and reasons for linezolid use, treatment duration and
potential adverse events attributable to linezolid/tedizolid were recor-
ded. Leucopenia was defined as a total leucocyte count of <4 x 10°/L.
Anemia was defined as an unexplained >2 g/dL reduction in hemoglo-
bin levels, and thrombocytopenia was defined as a reduction in the
platelet count to >25% from baseline [12]. During linezolid therapy,
blood data were monitored at least twice a week; when there was a
tendency of decrease in platelet count, the AS team determined whether
to reduce the dose of linezolid or change to other anti-MRSA drugs
including tedizolid.

Treatment success was defined as no clinical evidence of infection
and no need for antibiotics or surgical treatment until two weeks after
the end of tedizolid therapy. Oral antibiotics with activity against
causative organisms could be used following tedizolid therapy. Treat-
ment failure was defined as reappearance of infection signs within 2
weeks after stopping tedizolid, discontinuation of tedizolid because of
continued thrombocytopenia or other adverse effects, no improvement
despite active treatment with tedizolid, need for suppressive antibiotic
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therapy to control infection or death related to infection [11]. We also
conducted a follow-up study to determine any relapses after discharge.

Statistical analyses were performed using SPSS ver. 24 (SPSS Inc.,
Chicago, IL, USA). The level of significance was set at p < 0.05.

During the study period, 19 patients were treated with tedizolid, and
11 of these patients (57.9%) were treated with tedizolid because of
thrombocytopenia caused by linezolid. The infection types were as fol-
lows: vertebral osteomyelitis in eight patients, and pyogenic knee
arthritis, bronchial pneumonia and septic pulmonary embolism in one
patient each. Finally, eight patients with native vertebral osteomyelitis
(n = 3) and postoperative vertebral osteomyelitis (n = 5) were included
in the study. Information on patient background and antibiotic use is
summarized in Tables 1 and 2. The causative organisms were MRSA in
seven patients and Enterococcus faecium in one patient. The MIC of
linezolid was 2 pg/mL for MRSA in the seven patients and <2 pg/mL for
E. faecium. The MIC of tedizolid was not available. The organisms were
isolated from blood cultures in six patients and from specimens taken
intraoperatively in four patients (two patients had both blood culture
and specimens available for analyses). No patient was diagnosed by
aspiration biopsy. No anti-MRSA drug or other type of antibiotics was
used during tedizolid therapy. Surgical intervention was indicated in
four patients. The debridement procedure was conducted within one
week after the diagnosis of vertebral osteomyelitis in three patients and
after one week in one patient. This intervention was not performed after
the use of tedizolid. Secondary bacteremia was observed in six patients.
Adjacent tissue expansion of infection was confirmed in four patients
(epidural abscess [n = 3] and iliopsoas abscess [n = 2]).

The dosage of linezolid was 600 mg twice daily; in one patient (pa-
tient No. 1), the dosage was reduced to 400 mg twice daily because of
thrombocytopenia (platelet count 13.6 x 10* cells/mm? at the start of
linezolid therapy to 10.2 x 10* cells/mm® on day 13). Tedizolid was
administered orally at 200 mg once daily in all patients. There was no
washout period, and an immediate switch from linezolid to tedizolid
was performed for all patients. No patient received concomitant treat-
ment of drugs that interacted with oxazolidinones during linezolid and
tedizolid therapy, such as mono-amino oxidase inhibitors, selective se-
rotonin reuptake inhibitors, opioids and anticonvulsant drugs. The
number of days from debridement to linezolid therapy, complications of
disseminated intravascular coagulation syndrome, and history of drugs
administered are shown in Supplementary Table 1.

Platelet count decreased from 35.2 + 11.5 x 10*/mm® t0 17.8 + 6.2
x 10*/mm® during linezolid therapy (reduction rate compared with
baseline: median 48.8%, ranging from 43.4% to 55.6%). Thrombocy-
topenia continued in four of eight patients on days 3-4 after changing to
tedizolid and improved in all patients on days 5-7 (28.6 + 4.9 x 10%/
mm? vs. the platelet count at the end of linezolid therapy, p = 0.002).
The improved platelet count was sustained throughout tedizolid therapy
(32.2 + 4.3 x 10*/mm? at the end of therapy) (Fig. 1). Thrombocyto-
penia continued in four of eight patients on days 3-4 of tedizolid therapy
(patient No. 4, 6, 7 and 8), but increased on days 5-7, indicating that
thrombocytopenia had recovered in all patients and tedizolid treatment
was complete. There was no significant difference in the duration of
linezolid therapy, linezolid dose, or eGFR at the start and end of line-
zolid therapy between patients who did or did not thrombocytopenia
continued on days 3-4 of tedizolid therapy (median duration of linezolid
therapy: 22 days vs 16 days, p = 0.468, median linezolid daily per kg
dose: 22.0 mg/kg/day vs 15.7 mg/kg/day, p = 0.149, median eGFR at
the start of linezolid therapy: 93.0 mL/min/1.73 m? vs 77.0 mL/min/
1.73 m?, p = 0.564, median eGFR at the end of linezolid therapy: 91.5
mL/min/1.73 m? vs 75.5 mL/min/1.73 m2, p = 0.623). No adverse re-
actions such as leucopenia or anemia were observed during either the
linezolid or tedizolid treatment period. Although patient No. 8 devel-
oped nausea on the sixth day of tedizolid administration, tedizolid could
be continued with the use of metoclopramide.

Clinical response was obtained with linezolid therapy in all patients,
and response was sustained even after the change to tedizolid
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Table 1

Baseline demographics of patients included in the study.
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No Gender Age Body eGFR” Underlying disease Classification of Isolated Gram- Location of Secondary Complication of
(years) weight (mL/min/ vertebral positive cocci infected bacteremia vertebral
(kg) 1.73m?) osteomyelitis vertebrae osteomyelitis
1 Male 60 76.8 75 Mitral regurgitation, Hematogenous MRSA Lumbar 4/5 Yes Spinal epidural
heart failure, abscess, iliopsoas
rheumatoid arthritis muscle abscess
2 Male 52 76.5 99 None SSI after the MRSA Thoracic 7 Yes Spinal epidural
surgery for spinal abscess
canal stenosis
3 Male 77 76.1 56 Nephrosclerosis SSI after the MRSA Lumbar 1/2 Yes Spinal epidural
surgery for spinal abscess
scoliosis
4 Male 77 54.0 127 Benign prostatic SSI after the MRSA Lumbar 3/4 Yes Iliopsoas muscle
hyperplasia surgery for spinal abscess
canal stenosis
5 Female 83 41.4 79 Multiple myositis Hematogenous MRSA Lumbar 5, Yes None
sacrum 1
6 Male 74 62.3 59 Hypertension SSI after the MRSA Lumbar 3/4 No None
surgery for
herniated lumbar
disk
7 Male 68 55.0 157 Cronkhite-Canada SSI after the MRSA Lumbar 4/5 No None
syndrome surgery for spinal
canal stenosis
8 Female 89 39.2 57 Severe aortic stenosis, Hematogenous Enterococcus Lumbar 1/2 Yes None
chronic kidney disease faecium

MRSA, methicillin-resistant Staphylococcus aureus.
# eGFR at the start of linezolid therapy.

(Supplementary Fig. 1). All eight patients (100%) met the definition of
treatment success two weeks after the end of tedizolid therapy. The
duration of treatment was 20.0 + 11.2 days for linezolid and 30.3 + 9.5
days for tedizolid, and the total duration of oxazolidinone antibiotics
was 50.3 £ 10.7 days (over 6 weeks) in all patients (Table 2). In seven
patients with vertebral osteomyelitis by MRSA, sequential oral step-
down therapy was performed (16-70 days) (Table 2). Oral medication
that showed antibacterial activity against the isolate was not available in
one patient with vertebral osteomyelitis by E. faecium. One patient died
of underlying disease (acute decompensated heart failure). The other
seven patients had no recurrence of vertebral osteomyelitis (median
follow-up 501 days).

Switching therapy to tedizolid in patients with thrombocytopenia
induced by linezolid provided good efficacy for vertebral osteomyelitis
in eight patients. In addition, the oral bioavailability of tedizolid was
91% [7], and thus good efficacy was obtained in this study. The
thrombocytopenia in this study was thought to be linezolid-induced
myelotoxicity, since no other concomitant drugs were discontinued
and the thrombocytopenia improved after linezolid discontinuation.
There was no need for any washout period after linezolid-induced
myelotoxicity, and early recovery of thrombocytopenia within 7 days
was confirmed with the immediate start of tedizolid. In addition, no
subsequent new toxicity occurred despite the prolonged use of tedizolid
in all patients. Yuste et al. [13] performed a 26-day washout period
without linezolid before introducing tedizolid in a patient with
linezolid-induced thrombocytopenia. However, Khatchatourian et al.
[14] reported rapid correction after the immediate switch to tedizolid in
two of three cases with linezolid-induced myelotoxicity.

In our institution, glycopeptides or daptomycin [15] are used as
first-line therapy for patients with vertebral osteomyelitis by MRSA, and
linezolid is alternatively used as second-line therapy. If mild to moderate
thrombocytopenia is observed from linezolid therapy, the dose is
decreased in patients with impaired renal function [16] or planned
switch therapy with tedizolid is scheduled. At least six weeks of anti-
microbial therapy was suggested by the AS team. The duration of
treatment with additional oral antibiotics was 16-70 days at the
discretion of the attending physician in the outpatient setting.
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Multivariable analysis indicated that end stage renal disease, MRSA
infection and undrained paravertebral/psoas abscesses were indepen-
dent baseline risk factors for recurrence in vertebral osteomyelitis [2].
Although 6-8 weeks of pathogen-directed antibiotic therapy may be
sufficient for patients with hematogenous vertebral osteomyelitis
without these risk factors, prolonged duration (>8 weeks) of treatment
is recommended for patients with any of these factors. With this defi-
nition, seven of the eight patients in this study were classified as
high-risk VO.

This study has several limitations. First, the patients were evaluated
retrospectively in this study. Second, patients with postoperative and
hematogenous vertebral osteomyelitis were included in this study, and
the treatment policy might be different between these patient groups.
Third, we did not demonstrate the clinical efficacy of the sequential
therapy with oxazolidinones as first-line therapy for vertebral ostemo-
myelitis. If further studies confirm the efficacy of oxazolidinones as an
initial therapy, sequential therapy with tedizolid would be indicated in a
higher number of patients with vertebral osteomyelitis. Finally, only one
of eight patients showed a platelet count of less than 10 x 10*/mm?
during linezolid therapy, and the usefulness of tedizolid to recover se-
vere thrombocytopenia was not addressed in this study.

In conclusion, switching of therapy from linezolid to tedizolid
without a washout period improved thrombocytopenia caused by line-
zolid, and oxazolidinone therapy was completed in all patients with
vertebral osteomyelitis by antibiotic-resistant Gram-positive organisms
(primarily MRSA).
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Table 2
Administered anti-MRSA drug for the treatment of vertebral osteomyelitis.

No  Antibiotics with Debridement  Reasons for linezolid Tedizolid Total duration Oral antibiotics after tedizolid Treatment Recurrence
anti-MRSA the use of of therapy success (days of
activity before linezolid K , oxazolidinones . K Follow-up)
the Dose Route of Duration Dose Route of Duration (day) Oral antibiotics Duration

L. . (/day) administration ~ of (/day) administration ~ of of
administration
of linezolid therapy therapy therapy
(day) (day) (days)
1 Daptomycin No Treatment 600mg x v 16 200mg PO 30 46 Rifampicin; 30 Yes No (699
failure 2 x 1 sulfamethoxazole-

—400mg trimethoprime
x 2

2 Teicoplanin, No Treatment 600mg x IV - PO 7 200mg PO 36 43 Rifampicin; 28 Yes No (598)
daptomycin failure 2 x 1 sulfamethoxazole-

trimethoprime

3 Daptomycin Yes Treatment 600mg x IV - PO 21 200mg PO 21 42 Rifampicin; 28 Yes No (286)

failure 2 x 1 minocycline

4 Daptomycin Yes Daptomycin 600mg x IV - PO 43 200mg PO 25 68 Rifampicin; , 56 Yes No (501)

resistant 2 x 1 levofloxacin
(MIC: 2pg/
mL)
5 Teicoplanin, No Side effects 600mg x PO 15 200mg PO 27 42 Sulfamethoxazole- 16 Yes No (212)
daptomycin (CPK 2 x 1 trimethoprime,
elevation) minocycline
6 daptomycin Yes Side effects 600mg x IV - PO 15 200mg PO 28 43 Rifampicin; 70 Yes No (853)
(CPK 2 x 1 minocycline
elevation and
skin
eruption)
7 Vancomycin, Yes Side effects 600mg x IV - PO 29 200mg PO 24 53 Rifampicin; 30 Yes No (429)
daptomycin (CPK 2 x 1 sulfamethoxazole-
elevation) trimethoprime
8 teicoplanin No Side effects 600mg x IV - PO 14 200mg PO 51 65 None None Yes No (536)
(skin 2 x 1
eruption)

MRSA, methicillin-resistant Staphylococcus aureus; IV, intravenous injection, PO, oral administration; CPK, creatine phosphokinase; MIC, minimum inhibitory concentration.
? Died from the underlying disease.

8201-£201 (220Z) 8¢ Adv.sayrowayn pup uondafuf fo ppumor
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Fig. 1. Changes in platelet counts during linezolid and tedizolid administration. Platelet counts were 35.2 + 11.5 x 10* cells/mm? at the start of linezolid therapy,
17.8 + 6.2 x 10* cells/mm? at the end of linezolid therapy, 20.5 + 2.3 x 10* cells/mm? on days 3—4 of tedizolid therapy, 28.6 + 4.9 x 10* cells/mm?® on days 5-7 of
tedizolid therapy and 32.2 + 4.3 x 10* cellsymm® at the end of tedizolid therapy.
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