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Abstract: Kimyrsa is a new formulation (NF) of the original formulation of oritavancin ([OF] Orbactiv). Comparatively, the obvious
benefit with this product is the shortened infusion time and flexibility with solution compatibility, but otherwise maintains a similar
pharmacokinetic and microbiologic profile. At present, the NF lacks significant real-world experience relative to other available lipogly-
copeptides and thus its place in therapy remains difficult to predict but would not be expected to be significantly different than its OF.
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Introduction

Oritavancin is a semi-synthetic lipoglycopeptide antibiotic for the treatment of Gram-positive bacterial infections and is
approved by the US Food and Drug Administration (FDA) for the treatment of adult patients with acute bacterial skin
and skin structure infections (ABSSSIs) caused by susceptible Gram-positive organisms. The spectrum of activity of
oritavancin includes Streptococcus species, Enterococcus faecalis, E. faecium (including vancomycin-resistant isolates),
Staphylococcus species (including S. aureus, both methicillin-susceptible [MSSA] and methicillin-resistant [MRSA]
isolates), as well as Clostridium species." Notably, oritavancin lacks appreciable activity against Gram-negative
organisms.

Oritavancin disrupts Gram-positive cell wall membrane integrity, which leads to depolarization, permeabilization, and
rapid cell death.! It also inhibits the transglycosylation step of cell wall synthesis by binding to the D-ala-D-ala stem
termini. Lastly, it inhibits the transpeptidation step of cell wall synthesis by binding to the bridging segment. Due to the
ability of oritavancin to bind to D-ala-D-lac, oritavancin retains activity against vancomycin-resistant enterococci (VRE),
heteroresistant vancomycin-intermediate S. aureus (hVISA), vancomycin-intermediate S. aureus (VISA), and vancomy-
cin-resistant S. aureus (VRSA). Oritavancin has been successfully used for VRE, though clinical data for many of these
multidrug resistant organisms are limited.>

Despite promising potential, oritavancin is one of three lipoglycopeptides for clinical use (along with dalbavancin and
telavancin).> The prolonged half-lives of oritavancin and dalbavancin allow for once weekly dosing. In contrast,
telavancin requires daily dosing due to its shorter half-life (7 to 9 hours). As such, there was great excitement that
oritavancin and dalbavancin could provide a cost-effective approach to avoiding or reducing hospitalization length of
stay in patients with ABSSSI. Dalbavancin initially received FDA approval for ABSSSI in May 2014 as a two-dose
regimen (1000 mg followed one week later by 500 mg where each dose is infused over 30 minutes).’

Shortly thereafter, the FDA approved the original formulation of oritavancin ([OF] Orbactiv) for ABSSSI in
August 2014 as a single 1200 mg dose infused over 3 hours."® Uptake of oritavancin and dalbavancin for ABSSSI
was limited by significant costs coupled with the unique administration requirements for each drug (prolonged infusion
time and 2-dose regimen, respectively). Moreover, the cost of dalbavancin and oritavancin for ABSSSI, albeit an
indication which has many effective drugs, many of which can be administered orally, also limited its clinical utility
after approval. In January 2016, the FDA approved a single-dose dalbavancin regimen (1500 mg infused over 30
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minutes) for ABSSSI based on a pharmacokinetic (PK) study demonstrating similar efficacy and safety outcomes
compared to the two-dose regimen.>’

There are noteworthy differences between dalbavancin and oritavancin. Dalbavancin elimination includes renal (33% as
unchanged drug) and non-renal pathways.® Dose adjustments are required in patients with renal dysfunction due to reduced
clearance. Alternatively, oritavancin is primarily eliminated through the reticuloendothelial system,” which may negate dose
adjustments in patients with renal dysfunction though more data are needed.' Infusion-related reactions have been reported for
dalbavancin and oritavancin, however, the risk may be higher with oritavancin due to structural similarities with vancomycin.>'°
Dalbavancin and oritavancin share a similar spectrum of activity with a notable exception for VRE. Dalbavancin is active against
VRE expressing vanB and vanC, but not vanA,'' whereas oritavancin retains activity against vanA- and vanB-mediated isolates.'*
Resistance to both dalbavancin and oritavancin has been reported, but is uncommon in clinical settings."

While oritavancin and dalbavancin are available as single-dose regimens for ABSSSI, the significantly shorter
infusion time of dalbavancin may be preferred by providers and patients. Recently, a new formulation of oritavancin,
Kimyrsa (NF), was developed to be infused over 1 hour and approved by the FDA for ABSSSI on March 12, 2021."* The
purpose of this review is to evaluate the efficacy and safety data for the NF.

Clinical Efficacy and Safety of Oritavancin

Oritavancin was compared to vancomycin in two multicenter randomized, double-blind, controlled trials for the treatment of
ABSSSIs (SOLO I and SOLO II).">' Adult patients were eligible for inclusion if their ABSSSI was suspected or proven to be
caused by a Gram-positive pathogen and would require at least 7 days of intravenous therapy. Patients were randomized 1:1 to
receive a single 1200 mg dose of oritavancin infused over 3 hours (n = 978) or IV vancomycin (either 1 g fixed dose or weight
based at 15 mg/kg every 12 hours) for 7 to 10 days (n = 981). Most participants were White or Caucasian (64.4% vs 64.3%)
male (65.3% vs 65.6%) patients with cellulitis (39.6% vs 40.8%) or an abscess (31.5% vs 30.6%) in both groups. A Gram-
positive organism was isolated from 63% of participants from each group. Of these, S. aureus was identified in 76% and 75%
of the oritavancin and vancomycin groups, respectively, though less than 50% were MRSA (44% and 43%, respectively).

In the modified intent to treat populations from SOLO I and SOLO II, 82.3% and 80.1% of patients in the oritavancin
groups versus 78.9% and 82.9% of patients in the vancomycin groups achieved early clinical response, which was
defined as a composite of the cessation of spread or reduction in lesion size, absence of fever, and no rescue antibacterial
drug at 48 to 72 hours. Based on these findings, oritavancin met the predetermined non-inferiority criteria against
vancomycin. Similar findings were observed among patients with MRSA isolated (80.8% and 82% in the oritavancin
groups vs 80% and 81.2% in the vancomycin groups). Clinical success at 14 to 21 days was observed in 79.6% and
82.7% of the oritavancin groups compared to 80.0% and 80.5% of the vancomycin groups.

At least 1 treatment-emergent adverse event occurred in a similar proportion of participants randomized to oritavancin
(60.0% and 50.9%) and vancomycin (63.8% and 50.2%) in both SOLO I and SOLO II. Nausea and headache were reported
most often by patients in the oritavancin groups (SOLO I: 11% and 7.2%; SOLO II: 8.9% vs 7.0%) and vancomycin groups
(SOLO I: 8.9% and 7.9%; SOLO II: 12% vs 5.6%). Infusion-related reactions were only reported in SOLO I and occurred in
4% of patients treated with oritavancin compared to 7.1% treated with vancomycin. Though, these adverse events seldom led
to study drug discontinuation (3.8% and 3.6% vs 5.8% and 2.6%, respectively). Notably, the first dose of vancomycin was
infused over 3 hours to maintain study blinding, whereas subsequent doses were infused over a minimum of 1 hour.

Findings from SOLO I and SOLO II were replicated in CHROME, a retrospective observational registry that included
112 patients with ABSSSI from 8 study sites.'” Similar to SOLO I and SOLO II, most participants were White or
Caucasian (91.7%) male (53.6%) patients, of which cellulitis and cutaneous abscesses were most common (67% and
21.4%, respectively). Almost all patients experienced resolution of clinical signs and symptoms (92.8%) and micro-
biologic eradication (90%). Treatment-related adverse events were reported in 4.5% of patients, but none led to drug
discontinuation. Of these, two participants experienced infusion-related reactions, whereby the infusion was briefly
interrupted (15-30 minutes) to allow administration of supportive care (eg, diphenhydramine, acetaminophen, etc.),
before restarting the infusion at a slower rate (initially administered over 3 hours; reduced to 4 to 5.5 hours).

Based on the findings from SOLO I, SOLO II, and CHROME, oritavancin was demonstrated to be an acceptable
single-dose alternative to multidose regimens for the treatment of ABSSSIs in adult patients. Although oritavancin has
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only received FDA-approval for ABSSSIs, previous reports have also demonstrated treatment success for off-label uses
including bacteremia, osteomyelitis, and endovascular infections.' 2 In addition, oritavancin has been associated with

reduced length of stay and therefore lower costs in comparison to standard therapies.?*!

Repurposing Orbactiv as Kimyrsa

Oritavancin was reformulated as the NF to address many of the issues associated with the OF. (Table 1). First, the NF
formulation uses 2-hydroxypropyl-p-cyclodextrin (HPBCD), a solubility enhancer, which prevents precipitation of oritavancin
at high concentrations. This allows a significant decrease in the volume required for infusion (from 1000 mL to 250 mL).
HPPBCD is eliminated in the urine, which may accumulate in patients with renal dysfunction.”> However, the amount of
HPBCD in the NF is lower than that found in other medications (2.4 grams in the NF vs 8 grams in itraconazole).? In addition,
HPBCD is well tolerated compared to older cyclodextrins, so the risk of potential toxicities is thought to be negligible.**
Second, the NF is compatible with and can be administered in 5% dextrose in sterile water (DSW) or 0.9% sodium chloride
(Table 1). The OF is only compatible with D5W and each 1200 mg dose of the OF provides 50 g of dextrose.'*? Lastly, and
perhaps most importantly, the infusion time was dramatically shortened to 1 hour with the NF, whereas the OF requires
administration over 3 hours to minimize infusion-related reactions. A benefit of shorter infusion times with the NF is
decreasing the time patients spend receiving the infusion which decreases chair time and allows for more patients to receive
antimicrobial therapies. In addition, these modifications may allow for greater utilization of the NF in patients who are
volume-restricted, have poorly controlled diabetes mellitus, or are at risk for dysglycemia.

Pharmacokinetics and Safety of Kimyrsa Vs Orbactiv

The NF was evaluated in a randomized, open-label, multicenter study to evaluate the relative exposure compared to the OF.
Adults with ABSSSI suspected or confirmed to be caused by a Gram-positive pathogen were randomized 1:1 to receive
a single 1200 mg IV infusion of oritavancin as a 1-hour infusion (NF) or a 3-hour infusion (OF) to compare the relative
area-under-the-curve (AUC). Patients were excluded if they had 1) an infection involving or near a prosthetic device, 2) an
infection due to dermatologic diseases, 3) decubitus or ischemic ulcers, 4) diabetic foot infections, 5) necrotizing
infections, 6) catheter-related infections, 7) bacteremia at the time of enrollment, or 8) severe sepsis or shock.?

Table | Comparison of Orbactiv to Kimyrsa

Orbactiv' Ki myrsa22

Formulation

400 mg of lyophilized powder in a single-dose vial
Inactive ingredients: mannitol (200 mg) and
phosphoric acid (to adjust pH 3.1 to 4.3)

1200 mg of lyophilized powder in a single-dose vial
Inactive ingredients: HPBCD (2400 mg), mannitol

(800 mg) and phosphoric acid or sodium hydroxide (to
adjust pH 4.0 to 6.0)

Dose

1200 mg IV

1200 mg IV

Infusion time

3 hours

| hour

Preparation

Each vial is reconstituted with SWFI and further
diluted with D5W for IV infusion
Final volume: 1000 mL of D5W

Each vial is reconstituted with SWFI and further diluted
with NS or D5W for IV infusion
Final volume: 250 mL of NS or D5W

Stability

Use within 6 hours when stored at room

temperature, within 12 hours if refrigerated

Use within 4 hours when stored at room temperature,
within 12 hours if refrigerated

Cost per 1200 mg dose (average

wholesale price, USD)*’

3939.60

6036.62

Comments

Incompatible with NS (precipitate formation)

Compatible with D5W or NS

Abbreviations: D5W, 5% dextrose in sterile water; HPBCD, hydroxypropyl-B-cyclodextrin; IV, intravenous; NS, normal saline; SWFI, sterile water for injection; USD, US

dollars.
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The OF was compounded using three single-use vials (1200 mg total) containing 400 mg of oritavancin diphosphate
(as the free base) and the inactive component mannitol. Each vial was reconstituted using sterile water for injection and
further diluted in D5W to a total volume of 1000 mL for infusion over 3 hours. Alternatively, NF was prepared using
a single vial which contained 1200 mg of oritavancin. Vials were reconstituted with sterile water for injection and further
diluted in 0.9% normal saline to a total volume of 250 mL for infusion over 1 hour.*®

Plasma samples for PK analyses were collected prior to and at the end of the infusion (1 hour or 3 hours), then at 3
hours for participants who received NF, and up to 168 hours after the start of the infusion. PK parameters, including
Ciax> Tmax, and AUC from time 0 to 72 hours postdose (AUCy.7;) and 0 to 168 hours postdose (AUC_143), wWere
evaluated in both groups. Safety and tolerability were also assessed through day 15 of follow-up.

After enrollment, 50 patients were randomized to the NF and 52 to OF. Of the 102 who were enrolled in the study, two
participants randomized to OF discontinued the study due to hypersensitivity reactions while another withdrew because vascular
access could not be obtained. Most participants identified as non-Hispanic (58% vs 59.6%), White or Caucasian (92% vs 86.5%),
male (60% vs 71.2%) patients. Types of ABSSSIs were reported overall, whereby cutaneous abscesses (44.1%) and cellulitis
(29.4%) were most common. Body weight and BMI were higher in the NF group (88.7 +26.9 kg and 29.7 + 8.5 kg/m*) compared
to the OF group (80.8 + 19.5 kg and 27.3 £ 6.0 kg/m?).>> Medical and surgical history were reported as “balanced” between each
group, though further data were not provided despite more than 50% of each group being considered overweight.?

The mean C,,,,x was 1.3-fold higher and the median T,,,, was approximately 2 hours faster after administration of NF,
likely due to the shorter infusion time. The mean AUC,_;,, which is associated with antimicrobial activity, and the mean
AUC_163 were similar in both groups. Geometric means were calculated from participants with plasma concentrations
obtained based on protocol specifications. Patients were not included in this analysis if the plasma concentration results
were unavailable or not collected within the protocol-defined time window. The mean AUC,_7, and mean AUC_;43 Were
1410 h-pg/mL and 1680 h-pg/mL from 43 and 42 patients in the NF group compared to 1290 h-pg/mL and 1580 h-pg/
mL from 44 and 42 patients in the OF group, respectively. In addition, the AUC values evaluated in this study were
similar compared with previous AUC results from Phase 3 studies in patients with ABSSSL.*

Treatment-emergent adverse events were reported in 48% of participants treated with the NF and 59.6% treated with OF, of
which 22% and 38.5% were study-drug related, respectively. Pruritus and diarrhea were most common and reported by 2%
and 3% of the NF group versus 7% and 5% of the OF group. A higher proportion of patients treated with NF experienced chills
and pyrexia during or immediately after the infusion compared to those treated with the OF (6% vs 1.9%, respectively), though
it is unclear how long patients were monitored after the infusion. However, fewer patients randomized to the NF experienced
a treatment-emergent adverse event that led to study drug discontinuation (4% v 5.8%). Notably, two patients in each group
experienced infusion-related reactions (4% vs 3.8%). One patient developed a hypersensitivity reaction several hours after
receiving the NF, which was alleviated with diphenhydramine. The other patient experienced an infusion-related reaction
during the NF infusion whereby the infusion was interrupted for 13 minutes to allow administration of diphenhydramine
before completing the infusion. Of those who experienced infusion-related reactions with the OF, one patient developed
pruritus and hives, but was able to complete the infusion following administration of diphenhydramine, while the other
experienced an acute allergic reaction (grade 3, severe) leading to cessation of the study drug.

Notably, one patient enrolled in the study had a history of renal dysfunction (baseline serum creatinine of 2.5 mg/dL).
Though the authors do not explicitly state which formulation the patient received, they noted no evidence of nephro-
toxicity associated with HPBCD observed in the study.?

PK exposures and safety outcomes reported in this study led to FDA approval of the NF for adult patients with ABSSSL.'*

Kimyrsa in the Clinical Realm
The NF is an attractive agent due to the shorter infusion time, flexibility with the diluent, and a lower volume to be
infused. This formulation exhibits similar PK exposures compared to OF* and would be expected to have similar
efficacy. However, limited data are available with the NF and efficacy outcomes were not directly assessed in the open
label study.

In addition, PK exposure and safety findings observed with the NF may not be generalizable to patients at greatest
risk for ABSSSIs (patients with obesity, hepatic disease, renal dysfunction, vascular insufficiency, etc.) due to the lack of
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data describing baseline characteristics.”” While HPBCD is thought to pose minimal risk for patients with renal
dysfunction, these expectations are extrapolated from other medications as only one patient with renal dysfunction
was included in the open label study and it was unclear if the patient received the NF or OF.

The economic advantages associated with OF should also be observed with the NF. An additional benefit of the NF
over the OF and dalbavancin is that the NF was granted “pass-through” status on October 1, 2021 by the Centers for
Medicare and Medicaid Services (CMS) in the outpatient setting. Notably, there are no additional data available
describing the use of the NF outside of the treatment for ABSSSI. Further investigation is warranted to assess efficacy
outcomes in patients treated with NF for invasive Gram-positive infections (eg, bacteremia, osteomyelitis, infective
endocarditis) in the setting of increasing antimicrobial resistance as well as to improve patient compliance, convenience,
and lower health-care costs. Favorable outcomes have been reported in following treatment with one or more doses of the
OF for complicated Gram positive infections, but are limited due to small patient populations and lack of comparator
groups.”® " Additionally, multi-dose dalbavancin for complicated infections caused by Staphylococcus species and

Streptococcus species is supported by more robust data,?®3'-2

some of which included matched cohorts and comparator
groups.®> ¢ As such, the OF may be most useful against complicated infections caused by Enterococcus species,
particularly VRE.'®3” Perhaps, the NF can replace the OF, though it is unclear how the NF and OF will coexist going
forward. As such, data are needed to clarify utilization, and potential treatment-related adverse events, of the NF in lieu
of the OF. Recently, a new Healthcare Common Procedure Coding System (HCPCS) code was established to differentiate

the NF (J2406) from the OF (J2407) since these are “theoretically” not bioequivalent.*®

Conclusion

The NF is a welcome “upgrade”, but this new formulation still possesses many of the shortcomings associated with the
OF. Based on similar PK exposures, efficacy outcomes following treatment with the NF “should” be comparable to the
OF, but efficacy data are unavailable for ABSSSIs or invasive Gram-positive infections. Ideally, the NF could replace the
OF to provide a more convenient option against complicated infections, though additional data are needed.
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