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mmunocompromised patients are often sus-

ceptible to opportunistic infections, including

those caused by multidrug-resistant organ-

isms (MDROs). Transplant recipients are at
high risk for developing infections due to life-
long immunosuppressive therapy.'* Addition-
ally, patients receiving chemotherapy and those
with HIV and AIDS are in an immunocompro-
mised state.*®

Regardless of the etiology for immunosup-
pression, decreased absolute neutrophil and
platelet counts are seen in this condition. Al-
though immunosuppressed individuals may be
at increased risk of Gram-negative or Gram-
positive infections, this review focuses on the
treatment of Gram-positive bacterial infections.
Of particular concern are opportunistic infec-
tions caused by Gram-positive MDROs, includ-
ing methicillin-resistant Staphylococcus aureus
(MRSA), vancomycin-resistant Enterococcus
species (VRE), penicillin-resistant Streptococcus
pneumoniae, and Nocardia species. Treatment
of infections in the immunocompromised
patient population warrants careful antimi-
crobial selection to ensure that a patient’s im-
mune system is not further compromised due
to adverse effects (AEs) secondary to therapy.
As such, clinicians are exploring alternative
antimicrobials, such as tedizolid, to treat vari-
ous opportunistic infections.

Recently, requests at the William S. Middle-
ton Memorial Veterans Hospital in Madison,
Wisconsin, for off-label use of tedizolid have
increased despite having other cheaper alterna-
tives with comparable Gram-positive coverage.
This review examines available literature re-
garding off-label use of tedizolid with a focus on
use in immunocompromised patients.

Tedizolid phosphate (Sivextro) is an oxa-
zolidinone antibiotic prodrug that joined
linezolid as the second in its class in 2014. Oxa-
zolidinones inhibit bacterial protein synthesis
by binding to the 50S subunit of bacterial ribo-
somes in Gram-positive bacteria and are often
used to treat MRSA and VRE infections.’ In
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vitro, oxazolidinones have shown bacteriostatic
activity against Enterococcus and Staphylococcus
species while exhibiting bactericidal activity
against most Streptococcus species.'® Tedizolid
has a US Food and Drug Administration (FDA)
-approved, simplified dosing profile of 200 mg
daily for 6 days compared with linezolid 400 to
600 mg twice daily for 10 to 14 days. Both medi-
cations are highly bioavailable with direct IV to
oral conversion.'"!? Potential, expanded use of
tedizolid against Gram-positive MDROs rests on
a more favorable AE profile than does its line-
zolid predecessor. Tedizolid has been associated
with less antibiotic-induced myelosuppression,
which could prove valuable for immunocom-
promised patients."

Tedizolid is approved for the sole indication
of acute bacterial skin and skin structure in-
fections (ABSSSI), whereas its predecessor has
many approved indications and has been used
extensively for off-label indications (Table).
As tedizolid is relatively new to the market,
no national clinical guidelines recommend its
use.'* However, off-label use of tedizolid might
be reasonably inferred from linezolid’s indica-
tions. Similar to linezolid, tedizolid penetrates
into the interstitial fluid of subcutaneous adi-
pose and skeletal muscle tissues, resulting in
exposures in these compartments similar to
free drug exposure in plasma. Tedizolid also
concentrates in pulmonary epithelial lining
fluid and alveolar macrophages relative to free
plasma concentrations."

Adverse reactions, as determined by 2 phase
2 and 2 phase 3 clinical trials evaluating 1,050
patients treated with tedizolid and 662 patients
treated with linezolid, were similar between
the oxazolidinones. Nausea was the most com-
mon AE and was reported in 8% and 12% of
patients taking tedizolid and linezolid, respec-
tively. Other common AEs (1%-6%) reported
for both agents included vomiting, diarrhea,
headache, and dizziness.!! Myelosuppres-
sion, peripheral neuropathy, and optic nerve
disorders were the most common severe AEs
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TABLE Oxazolidinone Indications'!:12.14.20-23

Antibiotic

FDA-Approved Indications

Off-Label Uses

Tedizolid e Acute bacterial skin and

skin structure infections

* Nosocomial and community-acquired pneumonia

* Vancomycin-resistant Enterococcus faecium
infections

¢ CNS infections

* Bacteremia

¢ Osteomyelitis, prosthetic joint infections, and
septic arthritis

¢ Nontuberculous mycobacterial infections

* Nosocomial and commu-
nity-acquired pneumonia

e Complicated and uncom-
plicated skin and skin
structure infections

¢ Vancomycin-resistant
Enterococcus faecium
infections

Linezolid

e CNS infections due to MRSA

¢ Native or prosthetic valve infective endocarditis

¢ Intravascular catheter-associated bloodstream
infection due to MRSA, methicillin-resistant
coagulase negative staphylococci, or ampicillin-
or vancomycin-resistant enterococcus

e Osteomyelitis due to MRSA

* Native vertebral osteomyelitis

¢ Prosthetic joint infection

e Septic arthritis due to MRSA

¢ Extensively drug-resistant tuberculosis

¢ Nontuberculous mycobacterial infections

Abbreviation: CNS, central nervous system; MRSA, methicillin-resistant Staphylococcus aureus.

reported with oxazolidinones. Tedizolid dem-
onstrated a significantly decreased incidence
of neutropenia (3%), defined by absolute neu-
trophil count < 1.6 x 10%L compared with that
of linezolid (7%) (P = .024)."3 Evaluation of
peripheral neuropathy and optic nerve disor-
ders within the tedizolid and linezolid groups
revealed similar incidences (peripheral neurop-
athy 1.2% vs 0.6%; optic nerve disorders 0.3%
vs 0.2%, respectively).!!

There is one preclinical trial that described
the use of tedizolid in a murine model. A mu-
rine model study compared the antistaphy-
lococcal killing effect of doses of tedizolid
equivalent to human exposures ranging from
200 to 3,200 mg/d in both granulocytopenic
and normal mice. The mice were evaluated at
24, 48, and 72 hours after therapy initiation.
The presence of granulocytes had a dramatic
effect on the antimicrobial effect of tedizolid.
Dose response, demonstrated by the ratio of
the area under the curve over the minimum
inhibitory concentration, was on average
> 25-fold for nonneutropenic vs neutrope-
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nic models. Near maximal effect of the non-
neutropenic group, irrespective of duration
of therapy, was achieved at the lowest dose
tested (an exposure of about 200-mg tedizolid
phosphate per day in humans). This study
suggests that immunocompromised patients
may warrant higher doses of tedizolid than
the currently FDA-approved dose due to a de-
creased number of granulocytes available for
modulating bacterial infections.'

Use of tedizolid doses higher than that
which is FDA-approved may negate the favor-
able AE profile. A phase 1 clinical study was
conducted to evaluate the safety, tolerability,
and pharmacokinetics of tedizolid compared
with those of linezolid in 40 healthy volunteers
in a 21-day multiple ascending dose study.'®
Subjects were stratified into 5 treatment co-
horts: 200-, 300-, or 400-mg tedizolid orally
once a day, 600-mg linezolid orally twice a day,
and placebo. Tedizolid given at 200 mg had
a hematologic safety profile similar to that of
placebo. However, mean platelet counts de-
creased over time in a dose-dependent manner
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for tedizolid, with the 400-mg tedizolid and
linezolid groups reporting similar reductions in
platelet counts.'

Some evidence is available examining line-
zolid in neutropenic patients. Rafailidis and col-
leagues reviewed available literature regarding
linezolid in neutropenic patients with Gram-
positive infections. Evaluation of linezolid ad-
ministration at usual doses to 438 neutropenic
patients from 2 prospective comparative stud-
ies, a prospective cohort study, 2 retrospective
studies, and 8 case reports was performed. Re-
sults of the evaluation revealed a clinical cure
rate between 57% and 87% in the intention-
to-treat population of the prospective studies.'”
Given the similarities in bacterial spectrum of
activity between linezolid and tedizolid, it may
be reasonable to infer that tedizolid’s decreased
myelosuppression profile would make it useful
in the setting of neutropenia in immunocom-
promised patients.

There is little evidence regarding the use of
tedizolid in immunocompromised patients, as
only 2 case reports were found. The first de-
scribed a 60-year-old male postrenal transplant
complicated with VRE bacteremia, rthabdomy-
olysis, and thrombocytopenia. This patient was
treated with prolonged tedizolid 200 mg daily
due to multiple contraindications for treatment
with other antibiotics. The patient was cured
with a 14-day course of tedizolid without any
noted AEs.'®

The second identified case report described
the use of tedizolid for the treatment of central
nervous system (CNS) manifestations second-
ary to nocardiosis. Effective treatment of CNS
nocardiosis requires high concentrations and
prolonged duration of antimicrobial exposure.
This case report described a 68-year-old, chron-
ically immunocompromised female patient
with multiple myeloma who was hospitalized
for 3 months for the treatment of a CNS no-
cardiosis infection. After discharge, the patient
was treated with an oral regimen of 200-mg te-
dizolid daily in combination with sulfamethox-
azole/trimethoprim (800 mg/160 mg) 3 times
daily. After 6 months of combination therapy,
magnetic resonance imaging revealed complete
resolution of nocardiosis-related central lesions.
Although the patient’s malignancy advanced
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during combination antibiotic therapy, the pa-
tient’s absolute neutrophil count remained sta-
ble and showed an increase in absolute CD4+
cell counts with no other documented AEs."

Tedizolid is the latest FDA-approved oxa-
zolidinone antibiotic for susceptible Gram-
positive acute bacterial skin and skin structure
infections. It has a simplified and shorter dura-
tion of treatment and imparts similar AEs at
improved rates compared with that of linezolid,
most notably in relation to hematologic AEs.
Due to the lack of established literature and
an agreed-upon dosing strategy for the use of
tedizolid in immunocompromised patients, te-
dizolid therapy for Gram-positive infections
in immunocompromised patients should be
reserved for salvage therapy when more estab-
lished Gram-positive antibiotic agents lack effi-
cacy or when patient contraindications to their
use exist.
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cations, contraindications, warnings, and adverse effects—before
administering pharmacologic therapy to patients.

References

1. Fishman JA, Issa NC. Infection in organ transplantation:
risk factors and evolving patterns of infection. Infect Dis
Clin North Am. 2010;24(2):273-283.

2. Fishman JA. Infection in solid-organ transplant recipi-
ents. N Engl J Med. 2007;357(25):2601-2614.

3. Nightingale SD, Byrd LT, Southern PM, Jockusch
JD, Cal SX, Wynne BA. Incidence of mycobacterium
avium-intracellulare complex bacteremia in human im-
munodeficiency virus-positive patients. J Infect Dis.
1992;165(6):1082-1085.

4. O’Brien S, Kantarjian H, Beran M, et al. Results of fluda-
rabine and prednisone therapy in 264 patients with
chronic lymphocytic leukemia with multivariate analysis-
derived prognostic model for response to treatment.
Blood. 1993;82(6):1695-1700.

5. Anaissie E, Kontoyiannis DP, Kantarjian H, Elting L, Rob-
ertson LE, Keating M. Listeriosis in patients with chronic
lymphocytic leukemia who were treated with fludarabine
and prednisone. Ann Intern Med. 1992;117(6):466-469.

6. Morrison VA, Rai KR, Peterson BL, et al. Impact of ther-
apy with chlorambucil, fludarabine, or fludarabine plus
chlorambucil on infections in patients with chronic lym-
phocytic leukemia: Intergroup Study Cancer and Leuke-
mia Group B 9011. J Clin Oncol. 2001;19(16):3611-3621.

7. Nucci M, Anaissie E. Infections in patients with mul-
tiple myeloma in the era of high-dose therapy and novel

mdedge.com/fedprac



10.

11.

12.
. Moran GJ, Fang E, Corey GR, Das AF, De Anda C, Proko-

14.

15.

16.

agents. Clin Infect Dis. 2009;49(8):1211-1225.

. Naseer M, Dailey FE, Juboori AA, Samiullah S, Tahan

V. Epidemiology, determinants, and managements of
AIDS cholangiopathy: a review. World J Gastroenterol.
2018;24(7):767-774.

. Radunz S, Juntermanns B, Kaiser GM, et al. Efficacy

and safety of linezolid in liver transplant patients. Transpl/
Infect Dis. 2011;13(4):353-358.

Roger C, Roberts JA, Muller L. Clinical pharmacokinetics
and pharmacodynamics of oxazolidinones. Clin Pharma-
cokinet. 2018;57(5):559-575.

Sivextro [package insert]. Whitehouse Station, NJ: Merck
& Co Inc; 2016.

Zyvox [package insert]. New York, NY: Pfizer Inc; 2018.

cimer P. Tedizolid for 6 days versus linezolid for 10 days
for acute bacterial skin and skin-structure infections (ES-
TABLISH-2): a randomized, double-blind, phase 3, non-
inferiority trial. Lancet Infect Dis. 2014;14(8):696-705.

Liu C, Bayer A, Cosgrove S, et al; Infectious Diseases
Society of America. Clinical practice guidelines by the In-
fectious Diseases Society of America for the treatment of
methicillin-resistant Staphylococcus aureus infections in
adults and children. Clin Infect Dis. 2011;52(3):e18-e55.
Drusano GL, Liu W, Kulawy R, Louie A. Impact of granu-
locytes on the antimicrobial effect of tedizolid in a mouse
thigh infection model. Antimicrob Agents Chemother.
2011;55(11):5300-5305.

Lodise TP, Bidell MR, Flanagan SD, Zasowski EJ, Minas-

mdedge.com/fedprac

20.

21.

22.

23.

PHARMACY NOTES

sian SL, Prokocimer P. Characterization of the haemato-
logical profile of 21 days of tedizolid in healthy subjects.
J Antimicrob Chemother. 2016;71(9):2553-2558.

. Rafailidis Pl, Kouranos VD, Christodoulou C, Falagas

ME. Linezolid for patients with neutropenia: are bacte-
riostatic agents appropriate? Expert Rev Anti Infect Ther.
2009;7(4):415-422.

. Sudhindra P, Lee L, Wang G, Dhand A. Tedizolid for

treatment of enterococcal bacteremia. Open Forum In-
fect Dis. 2016;3(suppl 1):1344.

. Matin A, Sharma S, Mathur P, Apewokin SK. Myelo-

suppression-sparing treatment of central nervous sys-
tem nocardiosis in a multiple myeloma patient utilizing a
tedizolid-based regimen: a case report. Int J Antimicrob
Agents. 2017;49(4):488-492.

Dryden MS. Alternative clinical indications for novel anti-
biotics licensed for skin and soft tissue infections? Curr
Opin Infect Dis. 2015;28(2):117-124.

Milstein M, Brzezinski A, Varaine F, Mitnick CD. (Re)
moving the needle: prospects for all-oral treatment for
multidrug-resistant tuberculosis. Int J Tuberc Lung Dis.
2016;20(12):18-23.

Winthrop KL, Ku JH, Marras TK, et al. The tolerability of
linezolid in the treatment of nontuberculous mycobacte-
rial disease. Eur Respir J. 2015;45(4):1177-1179.

Yuste JR, Berté J, Del Pozo JL, Leiva J. Prolonged use
of tedizolid in a pulmonary non-tuberculosis mycobacte-
rial infection after linezlid-induced toxicity. J Antimicrob
Chemother. 2017;72(2):625-628.

JULY 2018 + FEDERAL PRACTITIONER + 11



