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Background Information

[bookmark: _GoBack]Delafloxacin is a fourth-generation fluoroquinolone antibiotic approved in June of 2017 to treat acute bacterial skin and skin structure infections (ABSSSI) caused by designated susceptible bacteria. As a class, fluoroquinolones produce a concentration-dependent bactericidal effect by inhibiting topoisomerase II (DNA gyrase) and topoisomerase IV. Topoisomerase inhibition prevents unwinding of bacterial DNA and prevents further bacterial replication. Delafloxacin has in vitro activity against a number of gram negative organisms (including pseudomonas aeruginosa), gram positive organisms (including methicillin-resistant Staphylococcus aureus (MRSA)), anaerobes, and atypical pathogens. 

Given the association between fluoroquinolone use and Clostridium difficile colitis, the Antimicrobial Stewardship Program (ASP) has revised institutional guidelines and policies to minimize inappropriate use. Currently, ciprofloxacin, levofloxacin, and moxifloxacin are on formulary at Michigan Medicine. At the time of this review, ciprofloxacin and levofloxacin are Tier II criteria-restricted antimicrobials and moxifloxacin is a Tier I restricted antimicrobial requiring prior-approval by the ID consult service or ASP. 

Indications for Use1

Delafloxacin is indicated in adults for the treatment of acute bacterial skin and skin structure infections
(ABSSSI) caused by susceptible isolates of the following:

Gram-positive organisms: Staphylococcus aureus (including MRSA and methicillin-susceptible [MSSA] isolates), Staphylococcus haemolyticus, Staphylococcus lugdunensis, Streptococcus agalactiae, Streptococcus anginosus Group (including Streptococcus anginosus, Streptococcus intermedius, and Streptococcus constellatus), Streptococcus pyogenes, and Enterococcus faecalis.

Gram-negative organisms: Escherichia coli, Enterobacter cloacae, Klebsiella pneumoniae, and Pseudomonas aeruginosa.


Microbiology

Antimicrobial Activity6,7
Delafloxacin’s spectrum of activity has been demonstrated in clinical isolates from Phrase III trials, including MSSA/MRSA, other staphylococci, streptococci, Enterobacteriaceae, and pseudomonas aeruginosa. Delafloxacin MIC90 values are 16-fold and 32-fold lower than levofloxacin for staphylococcus aureus and MRSA isolates, respectively. Delafloxacin’s susceptibility profile for Enterobacteriaceae is similar to that of other fluoroquinolones. In one study, over 90% of fluoroquinolone-resistant Enterobacteriaceae also demonstrated reduced susceptibility to delafloxacin. Delafloxacin has in vitro activity against anaerobic bacteria (including bacteroides fragilis) and atypical pathogens (e.g. Mycoplasma pneumoniae, Chlamydia pneumoniae, and Legionella pneumophila). Delafloxacin is not active against enterococcus faecium. The tables below provide delafloxacin and comparator agent’s MIC distributions for aerobic gram positive, aerobic gram negative, and anaerobic pathogens. 

Table 1: In Vitro Susceptibility of Various Aerobic Gram-Positive Bacteria to Delafloxacin and Comparator Fluoroquinoles 

	
	Delafloxacin
	Moxifloxacin
	Levofloxacin

	Organisms 
(number of isolates)
	MIC50
(mg/L)
	MIC90
(mg/L)
	MIC Range (mg/L)
	MIC50
(mg/L)
	MIC90
(mg/L)
	MIC Range (mg/L)
	MIC50
(mg/L)
	MIC90
(mg/L)
	MIC Range (mg/L)

	Staphylococcus aureus 
MRSA (n=1437)9
Staphylococcus aureus, levofloxacin-resistant (n=151)10
	
0.12
0.25
	
0.5
1

	
0.004 to 8
0.004 to > 2
	
1
2
	
>4
>4
· 
	
-
≤0.06 to >4
	
4
>4
	
>4
>4
	
-
4 to >4

	Streptococcus sp.
Streptococcus pyogenes (n=433) 11
Β- Hemolytic Streptococci (n=967)9
Streptococcus pneumonia (n=6691)12
Enterococcus faecalis (n=450)11
	
0.008
0.015
0.008

0.06
	
0.015
0.03
0.015

1
	
≤0.004 to 0.03
-
≤0.008 to 0.5

≤0.004 to 2
	
≤0.12
≤0.12
0.12

-
	
0.25
0.25
0.25

-
	
≤0.12 to 0.5
-
≤0.06 to 8

-
	
0.5
0.5
1

1
	
1
1
1

>4
	
0.25 to >4
-
≤0.012 to 32

0.25 to > 4




Table 2: In Vitro Susceptibility of Various Aerobic Gram-Negative Bacteria to Delafloxacin and Comparator Fluoroquinolones 

	
	Delafloxacin
	Ciprofloxacin
	Levofloxacin

	Organisms 
(number of isolates)
	MIC50
(mg/L)
	MIC90
(mg/L)
	MIC Range (mg/L)
	MIC50
(mg/L)
	MIC90
(mg/L)
	MIC Range (mg/L)
	MIC50
(mg/L)
	MIC90
(mg/L)
	MIC Range (mg/L)

	Enterobacteriaceae
Enterobacteriaceae (n=2250)11
E. coli ESBL phenotype (92)11
Serratia sp. (n=193)11
Citrobacter sp. (n=178)11
	0.06
2
1
0.06
	4
>4
2
2
	≤0.004 to >4
0.008 to >4
0.03 to >4
0.008 to >4
	≤0.03
>4
0.12
≤0.03
	>4
>4
1
0.5
	≤0.03 to 4
≤0.03 to >4
≤0.03 to >4
≤0.03 to >4
	≤0.12
>4
≤0.12
≤0.12
	>4
>4
1
0.5
	≤0.12 to >4
≤0.12 to >4
≤0.12 to >4
≤0.12 to 0.5

	Lactose non-fermenting gram negative rods
Acinetobacter baumanii-calcaceticus (n=200)11
Pseudomonas aeruginosa (n=275)
Stenotrophomonas maltophilia (n=19)
	
2

0.5
1
	
>4

>4
2
	
0.015 to >4

0.03 to >4
0.12 to 16
	
>4

0.12
4
	
>4

>4
8
	
0.06 to >4

≤0.03 to >4
1 to 32
	
>4

0.5
2

	
>4

>4
4
	
≤0.12 to >4

≤0.12 to >4
0.5 to 16


Table 3: In Vitro Susceptibility of Various Anaerobic Bacteria to Delafloxacin and Comparator Agents 

	
	Delafloxacin
	Moxifloxacin
	Metronidazole

	Organisms 
(number of isolates)
	MIC50
(mg/L)
	MIC90
(mg/L)
	MIC Range (mg/L)
	MIC50
(mg/L)
	MIC90
(mg/L)
	MIC Range (mg/L)
	MIC50
(mg/L)
	MIC90
(mg/L)
	MIC Range (mg/L)

	Peptostreptococci (n=52)
Propionibacterium acnes (n=32)
Clostridium perfringens (n=50)
Clostridium difficile (n=50)
Bacteroides fragilis (n=100)
Porphyromonas and Prevotella spp. (n=55)
Fusobacterium nucleatum (n=30)
	0.008
0.125
0.008
0.064
0.064
0.032
0.008
	0.032
0.125
0.008
0.125
0.125
0.25
0.064
	0.008 to 0.25
0.032 to 0.125
0.008 to 0.032
0.008 to 0.5
0.032 to 0.125
0.008 to 0.5
0.008 to 0.125

	0.25
0.125
0.5
2.0
0.5
0.5
0.125
	1.0
0.25
0.5
2.0
1.0
2.0
0.25
	0.008 to 2.0
0.032 to 0.25
0.25 to 0.5
1.0 to 2.0
0.125 to 2.0
0.016 to 2.0
0.032 to 4.0
	4.0
>64
1.0
0.125
0.5 
1.0
4.0
	4.0
>64
1.0
0.25
1.0
1.0
4.0
	0.125 to 8.0
32 to >64
1.0 to 4.0
0.125 to 0.25
0.25 to 2.0
0.064 to >64
0.25 to 4.0




Table 4: Susceptibility Interpretive Criteria for Delafloxacin 

	
	Minimum Inhibitory Concentrations (mcg/mL)
	Disk Diffusion (Zone Diameter in mm)

	Pathogen
	S
	I
	R
	S
	I
	R

	Staphylococcus aureus 
(MRSA and MSSA)
	≤ 0.25
	0.5
	≥ 1
	≥ 23
	20-22
	≤ 19

	Staphylococcus haemolyticus
	≤ 0.25
	0.5
	≥ 1
	≥ 24
	21-23
	≤ 20

	Streptococcus pyogenes 
	≤ 0.06
	-
	-
	≥ 20
	-
	-

	Streptococcus agalactiae 
	≤ 0.06
	0.12
	≥ 0.25
	
	-
	

	Streptococcus anginosus Group 
	≤ 0.06
	-
	-
	≥ 25
	-
	-

	Enterococcus faecalis 
	≤ 0.12
	0.25
	≥ 0.5
	≥ 21
	19-20
	≤ 18

	Enterobacteriaceae
	≤ 0.25
	0.5
	≥ 1
	≥ 22
	19-21
	≤ 18

	Pseudomonas aeruginosa 
	≤ 0.5
	1
	≥ 2
	≥ 23
	20-22
	≤ 19




Mechanism of resistance8 

Fluoroquinolone resistance is largely mediated by alterations in target site enzymes (i.e. amino acid substitutions in the quinolone resistance-determining regions of genes encoding subunits of DNA gyrase) and efflux pumps (i.e. NorA, B and C). Delafloxacin appears less susceptible to target enzyme mutations in gram-positive bacteria compared to other fluoroquinolones. Delafloxacin is hypothesized to retain activity against mutations in gram-positive bacteria as a result of its molecular shape, polarity and dual-targeting activity (i.e. nearly equivalent affinity for DNA gyrase and topoisomerase IV). In 1042 Staphylococcus aureus isolates obtained from Phase III clinical trials, only a single MRSA isolate was found to be resistant to delafloxacin. In vitro studies have demonstrated a lower mutant prevention concentration (MPC) for delafloxacin and gram positive bacteria when compared to other fluoroquinolones (see table below), although resistance selection studies have demonstrated the development of resistance. This is an area of concern given the widespread emergence of resistant isolates of MRSA to earlier generation fluoroquinolones. In vitro susceptibility results for enterobacteriaceae are largely concordant with those of other fluoroquinolones. 


Table 5: Selection of delafloxacin-resistant MRSA 

	Strain no.
	Mutations in QRDR
	Antibiotic
	MIC (mg/L)
	Frequency of mutant selection
	MPC (mg/L)

	2926
	None
	DFX
	0.03
	<9.5 x 10-11
	0.03

	
	
	LVX
	0.25
	2.0 x 10-8
	1

	
	
	MXF
	0.125
	<9.5 x10-11
	0.25

	
	
	RIF
	0.016
	2.6 x10-8
	ND

	14990
	gyrA (Ser84Val) grlA (Ser80Phe)
	DFX
	0.25
	2.1x10-9
	1

	
	
	LVX
	16
	<4.3x10-12
	16

	
	
	MXF
	8
	<4.3x10-12
	8

	
	
	RIF
	0.016
	2.3x10-9
	ND

	14490
	gyrA (Ser84Leu, Glu409Lys) grlA (Ser80Phe)
	DFX
	1
	6.0x10-9
	4

	
	
	LVX
	32
	ND
	ND

	
	
	MXF
	8
	7.1x10-8
	32

	
	
	RIF
	0.016
	1.4x10-7
	ND

	700699 
	gyrA (Ser84Leu) grlA (Ser80Tyr, Glu84Gly)
	DFX
	1
	<1.4x10-10
	1

	
	
	LVX
	64
	ND
	ND

	
	
	MXF
	8
	5.7X10-10
	32

	
	
	RIF
	>128
	ND
	ND


MPC, mutant prevention concentration; DFX, delafloxacin; LXV, levofloxacin; MXF, moxifloxacin; RIF, rifampicin; ND, not determined











Pharmacokinetics/Pharmacodynamics 

Table 6: Pharmacokinetics of Delafloxacin 

	
	Delafloxacin1
	Levofloxacin2
	Moxifloxacin 

	Absorption
	Tmax = 45-60 min 
F = 58.8%, without regards to meals
IV:PO Conversion 
 300 mg IV = 450 mg PO
	Tmax = 60-120 minutes
F = ~100% without regards to meals
	Tmax = 90 – 180 minutes
F = 90% without regards to meals 

	Distribution
	Vd = 30 – 48 L
84% protein bound (albumin)
No human data regarding bone or prostate tissue penetration 
	Vd = 74 – 112 L
24-38% protein bound
Lung concentrations typically 2-5x higher than plasma concentrations
	Vd =1.7 L/kg to 2.7 L/kg
30-50% protein bound

	Metabolism
	Glucoronidation is the primary metabolic pathway, mediated by UGT1A1, 1A3, and 2B15. No significant metabolites are systemically present
	Minimal
	Hepatic: 52% via glucuronide and sulfate conjugation; CYP450 independent

	Elimination
	Primarily excreted unchanged in the urine (50-65%) and feces (30-50%).
T1/2 = 3.7 hours (mean); 4.2 – 8.5 hours at steady-state
	Primarily excreted unchanged in the urine.
T1/2  = 6-8 hours
	Fecal: approximately 25% unchanged 
Renal: approximately 20% unchanged





Table 7: Pharmacodynamics of Delafloxacin and Comparator Fluoroquinolones Against MRSA

	
	Delafloxacin
	Moxifloxacin
	Levofloxacin

	Organisms
	fAUC (PO)
	fAUC/MIC
Target*
	fAUC/MIC
(MIC50)
	fAUC/MIC
(MIC90)
	fAUC (PO)
	fAUC/MIC
Target
	fAUC/MIC
(MIC50)
	fAUC/MIC
(MIC90)
	fAUC (PO)
	fAUC/MIC
Target
	fAUC/MIC
(MIC50)
	fAUC/MIC
(MIC90)

	
MRSA
	
9.9

	
24.7a

	
82.5

	
19.8
	
19.2
	
50

	
19.2

	
<4.8

	
27.2
	
50

	
6.8
	
<6.8


*Murine lung model 



Table 8: Pharmacodynamics of Delafloxacin and Comparator Fluoroquinolones Against Pseudomonas Aeruginosa 

	
	Delafloxacin
	Levofloxacin
	Ciprofloxacin

	Organisms
	fAUC (PO)
	fAUC/MIC
Target*
	fAUC/MIC
(MIC50)
	fAUC/MIC
(MIC90)
	fAUC (PO)
	fAUC/MIC
Target
	fAUC/MIC
(MIC50)
	fAUC/MIC
(MIC90)
	fAUC (PO)
	fAUC/MIC
Target
	fAUC/MIC
(MIC50)
	fAUC/MIC
(MIC90)

	
Pseudomonas aeruginosa
	
9.9
	
5.02
	
19.8
	
<2.5
	
27.2

	
87.5
	
54.4
	
<6.8
	
22.12
	
87.5
	
184.3
	
<5.53


*Mouse thigh model 


Adverse Reactions 

Table 9: Adverse Reactions*¥
	Side Effect
	Delafloxacin1
	Levofloxacin2
	Moxifloxacin3
	Ciprofloxacin4

	Nausea
	8%
	7%
	8%
	2.5%

	Diarrhea
	8%
	5%
	6%
	-

	Headache
	3%
	6%
	2%
	-

	AST/Alt Elevation
	3%
	-
	-
	-

	Vomiting
	2%
	2%
	2%
	-










*Adverse reactions that were present in > 2% of the population were reported
¥ Delafloxacin use has not been associated with phototoxicity or QTc prolongation in healthy volunteers



Drug Interactions1

Delafloxacin, as with all fluoroquinolone agents, forms chelates with alkaline earth and transition metal cations, preventing adequate absorption. Therefore, delafloxacin should not be administered with antacids containing aluminum or magnesium, with sucralfate, multivitamins containing iron or zinc, or with formulations containing other divalent or trivalent cations. It is recommended that delafloxacin be administered 2 hours before or 6 hours after any of these agents. 





Table 10: Medication Safety1,5

	REMS (Risk Evaluation Mitigation Strategy) Requirement
	N/A

	Pregnancy Category
	Limited data available. Animal studies with rats have shown no malformations or fetal death when delafoxacin is administered at 7 times the estimated clinical exposure. However, due to inadequate human data, fetal risk cannot be ruled out. In comparison, other fluoroquinolones are categorized as pregnancy category C by the FDA.

	Black Box Warning
	Delafloxacin shares the fluoroquinolone class boxed warnings:
· Associated with disabling and potentially irreversible serious adverse effects, including: tendinitis and tendon rupture, peripheral neuropathy, and CNS effects.

	ISMP Medication Safety Concerns
	N/A

	Hazardous Risk Assessment
	N/A 

	Extravasation Potential
	Extravasation occurred in 0.3% of the population receiving delafloxacin intravenously. No specific extravasation protocols are stated in the package insert.

	Latex
	The tablet formulation does not have any contact with latex. The rubber stopper used for the injectable formulation is not made with natural rubber latex or dry natural rubber.

	Do Not Crush
	N/A

	Warnings 
	Exacerbation of myasthenia gravis, Clostridium difficile-Associated diarrhea




Phase III Study Results  

Delafloxacin was approved based on two Phase III randomized, double-blind, double-dummy, multicenter, comparator controlled trials in ABSSSI patients with a lesion size ≥ 75 cm2. Both trials compared delafloxacin to vancomycin 15 mg/kg + aztreonam 2 g Q12 hr IV. In Trial 1, delafloxacin was given only in IV formulation, 300 mg Q12 hr, whereas in Trial 2, delafloxacin was given intravenously for the first 6 doses at 300 mg Q12 hr, then switched to the oral regimen of 450 mg Q12 hr. The primary outcome for both studies was reduction in lesion size ≥ 20% at 48-72 hours. The secondary outcome for both studies was 14 day clinical success, defined as complete or near-complete resolution of signs and symptoms with no further antibacterial therapy needed. Both studies showed delafloxacin was non-inferior to vancomycin + aztreonam for both the primary and secondary outcomes. Additional trial details available in Table 13. 







Table 11: Dosage

	
	Delafloxacin (PO)
	Delafloxacin (IV)

	Dosing Regimen
	450 mg by mouth Q 12 hr. for 5 – 14 days
	300 mg Q12 hour over 60 minutes

	Renal Dose Adjustment¥
	eGFR ≥ 15 mL/min = no adjustment
eGFR< 15 mL/min = not recommended
	eGFR ≥ 30 mL/min = no adjustment
eGFR 15 – 29 mL/min* = 200 mg Q12 hour
eGFR < 15 mL/min* = not recommended


¥Estimate of GFR based on Modification of Diet in Renal Disease (MDRD) equation
*In patients with severe renal impairment (eGFR of 15-29 mL/min/1.73 m2) or ESRD (eGFR of < 15 mL/min/1.73 m2), accumulation 
of the intravenous vehicle, sulfobutylether-β-cyclodextrin (SBECD) occurs


Reconstitution

For parenteral administration, the delafloxacin IV powder should be reconstituted with 10.5 mL of D5W or NS for each 300 mg vial. The solution is a clear yellow-amber colored solution. The reconstituted solution should then be further diluted to a volume of 250 mL using D5W or NS, achieving a concentration of 1.2 mg/mL. This preparation can be stored at room temperature or under refrigeration for up to 24 hours. 


Table 12: Available Dosage Forms/Cost

	
	UMHS Cost/dose
	Usual Dose
	UMHS Cost/Day

	Delafloxacin PO (450 mg)
	$61.78
	2 doses/day
	$123.56

	Delafloxacin IV (300 mg)
	$121.28
	2 doses/day
	$242.56

	Cost of Alternative Therapy 

	Levofloxacin PO (750 mg)
	$0.27
	1 dose/day
	$0.27

	Levofloxacin IV (750 mg)
	$3.81
	1 dose/day
	$3.81 

	Linezolid PO (600 mg)
	$3.20
	2 doses/day
	$6.40

	Linezolid IV (600 mg)
	$27.59
	2 doses/day
	$55.18

	Vancomycin IV (1 g)
	$2.82 
	2 doses/day
	$5.64

	Aztreonam IV (2 g)
	$49.75
	3 doses/day
	$149.25

	Piperacillin/tazobactam IV (4-0.5 g)
	$7.32
	3 doses/day
	$21.96

	Meropenem (1 g)
	$ 8.08
	3 doses/day
	$24.24

	Cost of Alternative Combination Regimens  

	Levofloxacin PO (750 mg) + Linezolid PO (600 mg)
	$3.47
	· 
	$6.67

	Levofloxacin IV (750 mg) + Linezolid IV (600 mg)
	$31.40
	-
	$58.99

	Vancomycin IV (1 g) + Aztreonam IV (2 g)
	$52.57
	-
	$154.89

	Vancomycin IV (1 g) + Piperacillin/tazobactam IV (4-0.5 g)
	$10.14
	-
	$27.60

	Vancomycin IV (1 g) + Meropenem IV (1 g)
	$10.90
	-
	$29.88


Recommendation

Based on the data presented above, we recommend the addition of delafloxacin to the UMHS formulary as a Tier 1 restricted antimicrobial agent. Recommended criteria for approval are as follows:  

· Polymicrobial infections with documented MRSA and pseudomonas aeruginosa in patients who cannot tolerate formulary alternatives such as vancomycin and linezolid
· Oral step-down therapy for patients with polymicrobial infections with documented MRSA at the time of discharge 
· Primary medical team should ensure that delafloxacin is available and covered by a third-party payer prior to discharge 
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Table 13:  Clinical Phase III Studies of Delafloxacin for the Treatment of ABSSSIs
	Title 
	Study Design
	Drug/Dosage Regimens
	Study Parameters
	Efficacy
	Safety
	Conclusion 

	Trial 1

Funded by 
Melinta Therapeutics
	R, DB, DD, MC, ITT, non-inferiority
Phase III

Pts with acute bacterial skin and skin structure infections (ABSSSI) disease state.

Lesion size ≥ 75 cm2
	Delafloxacin: 300 mg Q12 hr IV (n=331)

OR

Vancomycin 15 mg/kg (ABW) + aztreonam 2 g Q12 hr (n=329)

Treatment lasted for a minimum of 10 doses, with a maximum of 28 doses total.
	Primary outcome:
-Reduction in lesion size ≥ 20% at 48-72 hours
Secondary outcome:
-14 day clinical success, defined as complete or near-complete resolution of s/s with no further antibacterial therapy needed
	Primary outcome:
· Delafloxacin arm:
· Responded: 259/331 (78.2%)
· Comparator arm:
· Responded: 266/329 (81%)
· Treatment difference:
· CI: -2.6% (-8.8, 3.6)
Secondary outcome:
· Delafloxacin arm:
· Responded: 232/240 (96.7%)
· Comparator arm:
· Responded: 238/244 (97.5%)
· Treatment difference:
· CI: -0.9% (-4.3, 2.4)
	N/A
	Delafloxacin IV was non-inferior to aztreonam + vancomycin in reducing lesion size by at least 20% in the first 2-3 days and in showing 14-day clinical success. 

	Trial 2

Funded by 
Melinta Therapeutics
	R, DB, DD, MC, ITT, non-inferiority
Phase III

Pts with acute bacterial skin and skin structure infections (ABSSSI) disease state

Lesion size ≥ 75 cm2
	Delafloxacin: 300 mg Q12 hr IV for 6 doses then 450 mg Q12 hr PO (n=423)

OR

Vancomycin 15 mg/kg (ABW) + aztreonam 2 g Q12 hr (n=427)

Treatment lasted for a minimum of 10 doses, with a maximum of 28 doses total.
	Primary outcome:
-Reduction in lesion size ≥ 20% at 48-72 hours
Secondary outcome:
-14 day clinical success, defined as complete or near-complete resolution of s/s with no further antibacterial therapy needed
	Primary outcome:
· Delafloxacin arm:
· Responded: 354/423 (83.7%)
· Comparator arm:
· Responded: 344/427 (80.6%)
· Treatment difference:
· CI: 3.1% (-2, 8.3)
Secondary outcome:
· Delafloxacin arm:
· Responded: 339/353 (96.7%)
· Comparator arm:
· Responded: 319/329 (97%)
· Treatment difference:
· CI: -0.9% (-3.9, 2)

	N/A
	Delafloxacin IV -> PO was non-inferior to aztreonam + vancomycin in reducing lesion size by at least 20% in the first 2-3 days and in showing 14-day clinical success. 


R= randomized	DB= double blind ; PC= placebo controlled MC = multicenter ; ITT = intent to treat




