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Executive Summary

	Imipenem/Cilastatin/Relebactam (RecarbrioTM)

	Requestor: Antimicrobial Stewardship Workgroup

	Recommendation:
	☐ Formulary
	☒ Formulary with restrictions
	☐Non-Formulary




	[bookmark: _GoBack]Restrictions: Tier I restricted antimicrobial
· Page 30780 for approval during the hours of 7AM – 11PM. Infectious diseases consultation is strongly recommended.
· Use should be restricted to highly suspected or documented extensively drug-resistant gram-negative pathogens where resistance to traditional beta-lactams are seen in CRE or pseudomonas

	Description:
Imipenem/cilastatin/relebactam (RecarbrioTM) is a novel β-lactam/β-lactamase inhibitor combination product of a carbapenem antibiotic and a diazabicyclooctane β-lactamase inhibitor to restores activity of imipenem against many CRE and multidrug-resistant (MDR) Pseudomonas aeruginosa.

	FDA-Labeled Indications:
Complicated Urinary Tract Infections (cUTI), including Pyelonephritis, and complicated intra-abdominal infections (cIAI) treatment in adults (18 years or older) who have limited or no alternative treatment options, for the treatment of cUTI, including pyelonephritis, or cIAI caused by the following susceptible gram-negative microorganisms

	Clinical Effectiveness:
· Imipenem/cilastatin/relebactam was as effective and well tolerated as IMI alone for treatment of cUTI, including pyelonephritis (Differece -3.1; CI 95% -11.2–3.2). Non-inferiority margin of –15%
· IMI-REL were noninferior to IMI alone in terms of favorable clinical response at end of treatment in cIAIs (Difference -0.1; CI 95% -6.4–5.9). Non-inferiority margin of –15%

	Significant Safety Concerns:
· None

	Usual Dosage:
· 1.25g every 6 hours

	Cost:
	Antibiotic
	Adult dosing
	GPO Cost/Dose
	GPO Cost/Day
	GPO Cost/Regimen (7-14 days)

	Ceftazidime/avibactam
	2.5 g Q8H, infuse over 4 hours
	$347.51
	$1042.54
	$7,297 - $14,595

	Meropenem/vaborbactam
	4 g Q8H, infuse over 3 hours
	$311.09
	$933.27
	$6,532 - $13,066

	Ceftolozane/tazobactam
	3 g Q8H, infuse over 1 hours
	$246.68
	$740.05
	$5,180 - $10,360

	Cefiderocol
	2 g Q8H, infuse over 3 hours
	$336.89
	$1010.68
	$7,075 - $14,149

	Imipenem/cil/relebactam
	1.25 g Q6H, infuse over 30 mins
	$267.5
	$1070.00
	$7,490 - $14,980




	Conclusions:
Imipenem/cilastatin/relebactam is a new novel beta-lactam/beta-lactamase inhibitor combination with activity against CRE and MDR Pseudomonas aeruginosa. Based on the data presented above (including both microbiological and clinical data), Imipenem/cilastatin/relebactam should be added to the inpatient formulary as a Tier I restricted antimicrobial.

	Reviewed/Endorsed by:
Antibiotic Subcommittee – May 2020




Imipenem/Cilastatin/Relebactam (RecarbrioTM/Merck)

Description1-17
In recent decades, infections dues to multidrug-resistant (MDR) gram-negative pathogens have been one of the most pressing infectious disease challenges. Early 2017, World Health Organization (WHO) published a list of bacteria that pose the greatest threat to human health. The most critical group of all is multidrug resistant gram-negative bacteria, including Enterobacteriaceae, Pseudomonas and Acinetobacter. Infections due to these MDR gram-negative organisms have becoming increasingly difficult to treat and associated with high morbidity and mortality due to limited antimicrobial options. Current available treatment options for CRE include ceftazidime/avibactam, meropenem/vaborbactam, cefiderocol. Current available treatment options for MDR Pseudomonas aeruginosa include ceftazidime/avibactam, ceftolozane/tazobactam. Upon release of these novel β-lactam/β-lactamase inhibitors, resistance have been reported and may pose a serious threat in the near future. Thus, there is still an ongoing need for new antimicrobials to combat the increasing frequency of MDR gram-negative infections.
Imipenem/cilastatin/relebactam (IMI-REL) is a novel β-lactam/β-lactamase inhibitor combination product of a carbapenem antibiotic and a diazabicyclooctane β-lactamase inhibitor to restores activity of imipenem against many carbapenem resistant Enterobacteriaceae (CRE) and Pseudomonas aeruginosa. Imipenem is a broad-spectrum antibiotic that elicits its therapeutic response in bacteria by binding to several penicillin-binding proteins, rendering them incapable of performing the transpeptidation step of bacterial cell-wall synthesis. This, in-turn, arrests cell wall assembly, leading to cell lyses due to cell-wall autolytic enzymes. Cilastatin is a renal dehydropeptidase inhibitor that limits renal metabolism of imipenem and does not have antibacterial activity. Relebactam is a novel non-β-lactam, diazabicyclooctane β-lactamase inhibitor. It is structurally similar to avibactam but with an additional piperidine ring. Relebactam binds covalently to the active site of serine β-lactamases with high affinity, thus, protecting imipenem from degradation by certain serine β-lactamases.

Antimicrobial Activity
· Relebactam restores activity of imipenem against serine β-lactamases of Ambler class A (KPC, CTX-M, SHV, and TEM), class C (ampC, including Pseudomonas-derive cephalosporinase). However, relebactam is not active against class B (metallo- β-lactamase: VIM, IMP, and NDM) or class D (OXA-48). Relebactam differs from avibactam in that it does not inhibit OXA-48 cabapenemase but does possess inhibitory activity against clinical isolates of K. pneumoniae carrying variant KPC-3 enzymes that are resistant to ceftazidime-avibactam. Among KPC Enterobacteraceae, susceptibility has been reported to be 88%-100%. Therefore, ceftazidime/avibactam remains the drug of choice for OXA-48 expressing CRE and meropenem/vaborbactam remains the drug of choice for KPC-producing CRE.
· IMI-REL has demonstrated in vitro activity against P. aeruginosa that demonstrated resistance to imipenem via AmpC overproduction in combination with downregulation of porin synthesis. (MIC of imipenem fell from 16–64 mg/L to 1–4 mg/L with the addition of 4 mg/L relebactam to imipenem). Relebactam inhibited AmpC production, therefore lowering the MIC and improving imipenem activity against P. aeruginosa. (MIC of imipenem fell from 1-2 mg/L to 0.25–0.5 mg/L with the addition of 4 mg/L relebactam to imipenem). In the SMART global surveillance program, relebactam was shown to restore imipenem-nonsusceptibility to 70.3% (2656/3776) for P. aeruginosa isolates and to 70.7% (2621/3708) for MDR P. aeruginosa.
· Further, IMI-REL’s activity against Acinetobacter spp and Stenotrophomonas spp. appeared to be similar to that of imipenem alone, as the addition of relebactam did not significantly potentiate imipenem activity against these organisms. Of note, Stenotrophomonas spp is frequently inherently resistant to carbapenems. Thus, IMI-REL should not be used for infections caused Stenotrophomonas spp. The in vitro activity of IMI-REL against gram-positive bacteria and anaerobes would be expected to be similar to that of imipenem.

Indications for Use6
· Complicated Urinary Tract Infections (cUTI), including Pyelonephritis: treatment in adults (18 years or older) who have limited or no alternative treatment options, for the treatment of cUTI, including pyelonephritis, caused by the following susceptible gram-negative microorganisms: Enterobacter cloacae, Escherichia coli, Klebsiella aerogenes, Klebsiella pneumoniae, and Pseudomonas aeruginosa. 
· Complicated Intra-abdominal Infections (cIAI): treatment in adults (18 years or older) who have limited or no alternative treatment options, for the treatment of cIAI caused by the following susceptible gram-negative microorganisms: Bacteroides caccae, Bacteroides fragilis, Bacteroides ovatus, Bacteroides stercoris, Bacteroides thetaiotaomicron, Bacteroides uniformis, Bacteroides vulgatus, Citrobacter freundii, Enterobacter cloacae, Escherichia coli, Fusobacterium nucleatum, Klebsiella aerogenes, Klebsiella oxytoca, Klebsiella pneumoniae, Parabacteroides distasonis, and Pseudomonas aeruginosa.
Pharmacokinetics (do not split this table between pages) 6,18-19

	
	Imipenem
	Relebactam

	Absorption
Cmax (mg/L) 
AUC-steady state (mg-hour/L)
	
104.3
573.9
	
64.0
427.3

	Distribution
Protein binding
Vd-steady state (L)
	
20%
24.3
	
22%
19.0

	Metabolism
	metabolized in the kidney by dehydropeptidase I
	minimally metabolized

	Excretion
t ½
	1 hours
Kidney (63% excreted unchanged)
	1.2 hours
Kidney (>90% excreted unchanged




Adverse Reactions (do not split this table between pages) 6
In clinical trial data, IMI-REL appears to be well tolerated with adverse reactions occurring at similar rates to comparator therapy. Rates of discontinuation due to adverse effects were comparable between IMI-REL (1.9%) versus imipenem + placebo (2.3%) and no treatment related deaths were reported in clinical trials.
Safety was primarily evaluated in two active-controlled, double-blind dose-ranging trials (cUTI trial and cIAI trial):

	 
	Imipenem/Cilastatin and Relebactam 250 mga
(N=216)
N (%)
	IMI + Placebob
(N=214)
N (%)

	Blood and lymphatic system disorders

	    Anemiac
	2 (1%)
	4 (2%)

	Gastrointestinal disorders

	    Diarrhea
	12 (6%)
	9 (4%)

	    Nausea
	12 (6%)
	12 (6%)

	    Vomiting
	7 (3%)
	4 (2%)

	General disorders and administration site conditions

	    Phlebitis/Infusion site reactionsd
	5 (2%)
	3 (1%)

	    Pyrexia
	5 (2%)
	3 (1%)

	Laboratory Investigations

	    Alanine aminotransferase increased
	7 (3%)
	4 (2%)

	    Aspartate aminotransferase increased
	6 (3%)
	3 (1%)

	    Lipase increased
	3 (1%)
	4 (2%)

	    Blood creatinine increased
	1 (<1%)
	3 (1%)

	Nervous system disorders

	    Headache
	9 (4%)
	5 (2%)

	    Central nervous system adverse reactionse
	2 (1%)
	5 (2%)

	Vascular disorders

	    Hypertensionf
	4 (2%)
	6 (3%)

	aImipenem/Cilastatin (500 mg/500 mg) + Relebactam (250 mg), IV every 6 hours.
bImipenem/Cilastatin (500 mg/500 mg) + Placebo, IV every 6 hours.
cAnemia includes anemia and hemoglobin decreased.
dInfusion site reactions include infusion site phlebitis, infusion site erythema, and infusion site pain.
eCentral nervous system adverse reactions include agitation, apathy, confusional states, delirium, disorientation, slow speech, and somnolence.
fHypertension includes hypertension and blood pressure increased.





Drug Interactions6
	Drug
	Effect of Interaction
	Recommendations/Comments

	Valproic acid
	Co-administration with imipenem will result in decreased valproic acid concentrations, and increasing the dose of valproic acid may not be sufficient
	This combination should be avoided and alternative anti-seizure drugs or antibiotics should be used

	Ganciclovir
	Generalized seizures have been reported in patients who received ganciclovir concomitantly with imipenem/cilastatin
	Avoid this combination

	Probenecid
	May increases imipenem/cilastatin concentrations
	Avoid or use with caution in patients with renal failure or history of seizure disorders




Medication Safety (do not split this table between pages, table used for a safety assessment and may repeat some information found in other sections of the monograph) 6,18

	REMS (Risk Evaluation Mitigation Strategy) Requirement
	None

	Pregnancy/Lactation
	Imipenem and cilastatin cross the placenta. Fetal abnormalities were observed in mice treated with relebactam. There are insufficient data to determine if there are major birth defects, miscarriage, or adverse maternal/fetal outcomes in humans.

	Black Box Warning
	None

	ISMP Medication Safety Concerns
	· Carbapenems have been associated with CNS effects upon accumulation in the body. Caution should be used in patients with concurrent CNS disorders and dosages should be adjusted in renal dysfunction.  
· Look Alike Sound Alike Medications: Imipenem/cilastatin
· 2-hour stability at room temperature once diluted for infusion

	Hazardous Risk Assessment
	Not hazardous

	Extravasation Potential
	Not reported

	Latex
	No

	Do Not Crush
	Not applicable

	Electronic Health Record (EHR) Safety Assessment
	· Utilize generic names to clarify dosing of each component:  RecarbrioTM 1.25 gram = imipenem 500 mg, cilastatin 500 mg, and relebactam 250 mg)
· Restricted criteria for use (CRE and/or MDR Pseudomonas infections) AND approval by ID/Antimicrobial Stewardship Team.
· Renal dosing guidelines
· Drug interaction alerts with concomitant valproic acid and/or probenecid and/or ganciclovir

	Miscellaneous Safety Concerns
	· Dosing nomenclature:  assuring institutional guidelines and formulary listing are consistent with dosing selections in the EHR.  
· Reconstituted and further diluted solution in infusion bags may be stored for ≤2 hours at room temperature or ≤24 hours under refrigeration. Do not freeze.
· Infuse over 30 minutes.




Study Results 20-23 

Two phase II prospective, randomized, double-blind, non-inferiority, multi-center trials have been conducted evaluating comparative efficacy and safety of IMI-REL at two doses (500/250mg or 500/125 mg Q6h) versus imipenem/cilastatin for the management of cUTIs and cIAIs.

Sims et al, conducted a randomized, controlled phase 2 trial in 302 adult patients with cUTIs or acute pyelonephritis. A total of 230 patients met inclusion and were randomized 1:1:1 to IMI-REL 250mg (n=71), IMI-REL 125mg (n=79), or imipenem/cilastatin (plus placebo) (n=80) intravenously every 6 hours for 4-14 days with optional step-down to oral ciprofloxacin. The primary endpoint was microbiological responses rate at discontinuation of IV therapy (DCIV) in the microbiologically evaluable (ME) population. ME is defined as having prestudy/postop culture containing ≥1 enteric gram-negative or anaerobic organism and meeting inclusion/exclusion criteria. Overall, treatment groups were generally well balanced for baseline characteristics. 51.7% had cUTIs and 48.3% had acute pyelonephritis. The most common isolated organisms were Escherichia coli (n=142, 62.2%). There was 10.9% (n=25) of patients with imipenem non-susceptible causative pathogens and 50.2% (n=138) of patients with MDR pathogens. Favorable microbiological response at DCIV rates were 95.5%, 98.6% and 98.7%, respectively, in IMI-REL 250mg, IMI-REL 125mg and IMI alone with a non-inferiority margin of -0.1 with IMI-REL 500/125mg vs placebo (95% CI -6.4 to -5.9). Clinical response at DCIV occurred in 97.1%, 98.7%, and 98.8%, respectively. Both doses of IMI-REL were deemed non-inferior to IMI alone for the treatment of cUTIs. Both doses of IMI-REL were well tolerated, and IMI-REL had the same safety profile as IMI alone.

The second phase II trial by Lucasti et al was conducted in patients with cIAIs. Similar to the study by Sims et al, patients were randomized to IMI-REL 250mg (n=81), IMI-REL 125mg (n=86), or IMI alone (n=83) intravenously every 6 hours. The primary endpoint was favorable clinical responses at DCIV in ME population. Total of 255 were included in ME population. Baseline clinical characteristics were similar across all treatment groups. The most commonly isolated organism was Escherichia coli (n=156, 61.2%) and the most common source of cIAI was complicated appendicitis (n=134, 52.5%). There was 13% (n=34) of patients had imipenem-resistant gram-negative infections. Among the 40 organisms from these 34 patients, 7 was nonsusceptible to imipenem but were susceptible to IMI-REL; the remaining 33 organisms (5.3% of all isolates) were nonsusceptible to both imipenem and IMI-REL. Favorable clinical response at DCIV was similar among treatment groups 96.3%, 98.8% and 95.2%, respectively in IMI-REL 250mg, IMI-REL 125mg and imipenenem/cilastatin with a treatment difference of 3.7 between IMI-REL 125mg and placebo. Additionally, clinical response at early and late follow‐up, as well as clinical response in the mMITT population, were similar across all treatment groups. Global response (defined as survival, clinical cure, no additional antibiotics or unplanned surgical procedures at day 28) in the mMITT population was similar across treatment groups 86.5% (IMI‐REL 250 mg), 89.6% (IMI‐REL 125 mg) and 84.8% (imipenem/cilastatin). A PK/PD simulations show that imipenem exposure at the proposed dose of IMI-REL 250mg provides coverage of>90% of carbapenem-resistant bacterial strains.

Additionally, there were two phase III multicenter, randomized, double-blind clinical trials that have been completed. RESTORE-IMI 1 comparing IMI-REL versus IMI + colistin for the treatment of HAP/VAP, cIAI, or cUTI has been been published. The second trial, RESTORE-IMI 2 comparing IMI-REL with piperacillin/tazobactam in HABP with optional open-label linezolid for added gram-positive coverage was recently completed, but has yet to be published. Results from these trials were not considered for the process of FDA approval.

RESTORE-IMI 1 compared IMI-REL 500/250mg to IMI+colistin in HAP/VAP, cIAI, or cUTI caused by imipenem-nonsusceptible bacteria at 35 participating hospitals. At least 1 organism suspected of causing infection was required to have been an imipenem‐nonsusceptible GN pathogen. Notable exclusions include patients actively receiving renal replacement therapy and the use of concomitant agents active against Enterobacteriaceae or Pseudomonas spp. Patients were randomized in 2:1 ratio to receive IMI-REL or IMI+colistin for 5-21 days, depending on infection type. The primary endpoint was favorable overall clinical response (composite of clinical and microbiological responses) in the microbiologic modified intention to treat (mMITT, those who received ≥1 dose of study drug and had qualifying pathogen in cultures). There were 31 patients were included in mMITT group (21 in IMI-REL and 10 in IMI+colistin). The most common diagnosis was cUTI (n=16, 52%), followed by HAP/VAP (n=11, 35%) The most commonly isolated organisms was P. aeruginosa (77%), including all HAP/VAP patients and all but one cIAI patient. Favorable overall response rate was higher with IMI-REL 81% when compared to IMI+colistin 63%. Favorable clinical response at day 28 was higher with IMI-REL 71% when compared to IMI+colistin 40%. Overall 28-day all-cause mortality was lower with IMI-REL 10% vs. IMI+colistin 30%. Treatment-emergent nephrotoxicity was significantly lower in the IMI-REL group 10% compared to IMI+colistin 56%.

National Guidelines
No National Guidelines available for treatment of MDR gram-negative infection.



Dosage and Administration6

	Estimated CrCL (mL/min)*
	Recommended Dosage of RECARBRIO (imipenem/cilastatin and relebactam)
Infuse over 30 minutes.
	Dosing Interval

	≥ 90
	1.25 gm
(imipenem 500mg, cilastatin 500mg, relebactam 250mg)
	Every 6 hours

	60 to 89
	1 gm
(imipenem 400mg, cilastatin 400mg, relebactam 200mg)
	Every 6 hours

	30 to 59
	0.75 gm
(imipenem 300mg, cilastatin 300 mg, relebactam 150mg)
	Every 6 hours

	15 to 29
	0.5 gm
(imipenem 200mg, cilastatin 200mg, relebactam 100 mg)
	Every 6 hours

	End Stage Renal Disease (ESRD) on Hemodialysis
	0.5 gm
(imipenem 200mg, cilastatin 200mg, relebactam 100mg)
	Every 6 hours


*  CrCl calculated using the Cockroft-Gault formula
** Patients with CLcr < 15 mL/min should not receive IMI-REL unless hemodialysis is instituted within 48 hours.   
There is inadequate information to recommend usage of IMI-REL for patients undergoing peritoneal dialysis.

Dosing in Special Populations
Renal impairment:  	clearance of both entities is a function of creatinine clearance (dose as above)
Hepatic impairment:  	dosage adjustment not required
Pediatrics:  		no data in patients < 18 years of age
Elderly:  			age-related adjustments in creatinine clearance as above


Available Dosage Forms
RECARBRIO is provided as a single vial in a fixed-dose combination; the dose for each component will be adjusted equally during preparation. RECARBRIO (imipenem, cilastatin, and relebactam) for injection, 1.25 grams is supplied as a powder for constitution in a single-dose glass vial containing imipenem 500 mg (equivalent to 530 mg imipenem monohydrate), cilastatin 500 mg (equivalent to 531 mg cilastatin sodium), and relebactam 250 mg (equivalent to 263 mg relebactam monohydrate)


Available Dosage Forms/Cost (do not split this table between pages)

	Antibiotic
	Adult dosing
	GPO Cost/Dose
	GPO Cost/Day
	GPO Cost/Regimen (7-14 days)

	Ceftazidime/avibactam
	2.5 g Q8H, infuse over 4 hours
	$347.51
	$1042.54
	$7,297 - $14,595

	Meropenem/vaborbactam
	4 g Q8H, infuse over 3 hours
	$311.09
	$933.27
	$6,532 - $13,066

	Ceftolozane/tazobactam
	3 g Q8H, infuse over 1 hours
	$246.68
	$740.05
	$5,180 - $10,360

	Cefiderocol
	2 g Q8H, infuse over 3 hours
	$336.89
	$1010.68
	$7,075 - $14,149

	Imipenem/cil/relebactam
	1.25 g Q6H, infuse over 30 mins
	$267.5
	$1070.00
	$7,490 - $14,980



Managed Care Plan Acceptance (do not split this table between pages)
Not available



Recommendation
Imipenem/cilastatin/relebactam is a new novel beta-lactam/beta-lactamase inhibitor combination with activity against CRE and MDR Pseudomonas aeruginosa. Based on the data presented above (including both microbiological and clinical data), Imipenem/cilastatin/relebactam should be added to the inpatient formulary with restriction as described below:

Imipenem/cilastatin/relebactam should be added to the inpatient formulary as a Tier I restricted antimicrobial. The following restrictions should be in place:
· Page 30780 for approval during the hours of 7AM – 11PM. Infectious diseases consultation is strongly recommended.
· Use should be restricted to highly suspected or documented extensively drug-resistant gram-negative pathogens where resistance to traditional beta-lactams are seen in CRE or MDR Pseudomonas aeruginosa:

· Infections due to MDR Pseudomonas – Ceftolozane/tazobactam will remain our drug of choice for MDR pseudomonas, if susceptible. Taking into consideration susceptibilities of other novel agents and co-infections, mipenem/cilastatin/relebactam may be considered for use when resistance to ceftolozane/tazobactam has been confirmed. Consultation with an ID pharmacist is recommended.

· Infections due to CRE – Meropenem/vaborbactam will remain the drug of choice for KPC-producing CRE. For OXA-producing CRE, ceftazidime/avibactam or cefiderocol will generally be used. However, in rare instances when resistance to meropenem/vaborbactam or ceftazidime/avibactam is confirmed, Imipenem/cilastatin/relebactam may be used if susceptible in consultation with ID pharmacists.
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Table 1: Clinical Studies for the safety and efficacy of Imipenem/cilastatin/Relebactam
	Title / Reference
	Study Design
	Drug/Dosage Regimens
	Study Parameters
	Efficacy
	Safety
	Conclusion/ Comments

	IMI-REL versus IMI alone in patients with cUTIs

Sims et al, JAC 2017.
doi:10.1093/jac/dkx139



	Phase 2 RCT(1:1:1) prospective, doubleblind
multicenter, dose-ranging study
in adults with cUTIs, including pyelonephritis


	n=230 met inclusion and were randomized

IMI-REL 500/250mg (n=71) vs. 
IMI-REL 500/125mg (n=79) vs. 
IMI alone (n=80)
Intravenously Q6H

Duration: 4-14 days
	Favorable microbiologic
responses at DCIV in
microbiologically evaluable (ME) population

Clinical response at DCIV

Composite clinical and microbiological response at early follow-up
	For IMI-REL 250mg, IMI-REL 125mg and IMI alone 

Favorable microbiological response at DCIV rates were 95.5%, 98.6% and 98.7%, respectively 

Clinical response at DCIV occurred in 97.1%, 98.7%, and 98.8%, respectively.

Composite clinical and microbiological response at early follow-up 54.1%, 59.8% and 61.7%, respectively
	Drug-related AE was 10.1%, 9.1% and 9.0%

Serious AE was 3.0%, 1.0% and 3.0%

Discontinuation due to drug-related AEs was 2.0%, 1.0% and 1.0%

ALT or AST ≥5% ULN was 1.0%, 1.0% and 0%

in IMI-REL 250mg, IMI-REL 125mg and IMI alone, respectively
	Both doses of IMI-REL was as effective and well tolerated as IMI alone for treatment of cUTI, including pyelonephritis

Limitations: small sample
size, patients mostly with
IMI-susceptible organisms

	IMI-REL versus IMI alone in patients with cIAIs

Lucasti et al, AAC 2016
doi:10.1128/AAC.00633-16.
	Phase 2 RCT(1:1:1) prospective, doubleblind
multicenter, dose-ranging study
in adults with cIAIs. 


	n=255 met inclusion and were randomized

IMI-REL 500/250mg (n=81) vs.
IMI-REL 500/125mg (n=86) vs. 
IMI alone (n=83) intravenously Q6H

Duration: 4-14 days
	Favorable clinical response at DCIV

Clinical response at early and late follow‐up


	For IMI-REL 250mg, IMI-REL 125mg and IMI alone

Favorable clinical response at DCIV was similar among treatment groups 96.3%, 98.8% and 95.2%, respectively

Clinical response at early and late follow‐up, as well as clinical response in the mMITT population
	Drug-related AE was 13.7%, 13.8% and 9.6%

Serious drug-related AE 0.9%, 0% and 0.9%

Discontinued due to drug-related AE 0.9%, 4.3% and 2.6%

ALT or AST ≥5% ULN was 1.7%, 0% and 1.8%

in IMI-REL 250mg, IMI-REL 125mg and IMI alone, respectively
	Both doses of IMI-REL were noninferior to IMI alone in terms of favorable clinical response at end of treatment in cIAIs

Limitations: Small number of IMI nonsusceptible
organisms.
Excluded patients with APACHE score >30 and
mod/severe renal
impairment

	RESTORE-IMI 1:
IMI-REL versus IMI plus colistin in patients with bacterial infections

Motsch et al, CID 2019
	Phase 3, multicenter,
blinded RCT of adults
with HAP/VAP, cUTI or cIAI with IMI-nonsusceptible
organisms
	IMI/REL 500/250 mg
q6h (n=21) vs.

IMI 500 mg +colistin
(300 mg x 1 then up to
150 mg q12h (n=10) 


Duration:5-21 days
		
	IMI-REL
	IMI+colistin

	Favorable response
HABP/VABP
cIAI
cUTI
	15 (71.4%)
7/8 (87.5%)
0/2 (0%)
8/11 (72.7%)
	7 (70%)
2/3 (66.7%)
0/2 (0%)
5/5 (100%)

	Favorable clinical
response at day 28
	15 (71.4%)
	4 (40%)

	28-day all-cause mortality
	2 (9.5%)
	3 (30%)

	Nephrotoxicity
	3/29 (10.3%)
	9/16 (56.3%)


No treatment emergent resistance to IMI/REL
	IMI-REL is an efficacious and well-tolerated treatment option for carbapenem-nonsusceptible
Infections
Limitations: small sample size, no formal statistical testing, estimation trial, only 19% and 10% KPC in
IMI-REL and IMI+colistin, respectively


Key: IMI-REL=imipenem/cilastatin/relebactam; IMI=imipenem;  cIAI=complicated intra-abdominal infection; cUTI=complicated urinary tract infection; DCIV discontinuation of intravenous therapy; ME=microbiologically evaluable population; mMITT=modified microbiologic intention to treat population; AE=adverse events;
Table 2: Hazardous Drug Assessment for New Drugs Reviewed for Formulary
	#
	Item
	Factors

	1.
	Dose form(s)
	Check all that apply:
	Injectable (solution, suspension)
	Injectable powder for reconstitution
	Solid oral/buccal/sublingual (capsule, tablet/enteric coated, granule, lozenge, gum)
	Oral liquid
	Suppository
	Inhalant (gas/aerosol/solution)
	Inhalant (powder)
	Cream/ointment/gel/paste/powder (mucosal, otic, ophthalmic)
	Cream/ointment/lotion/soap/gel/patch/pad/paste/powder (topical)
	Spray/suspension/foam (mucosal)
	Spray/suspension/foam (topical)
	Irrigation solution
	Drug implant
	Other (cement, cake, disk, flake, wafer): ___________________________________

	2.
	Special formulation characteristics
	RECARBRIO (imipenem, cilastatin, and relebactam) for injection, 1.25 grams is supplied as a powder for constitution

	3.
	Mechanism of action
	Imipenem/cilastatin/relebactam (IMI-REL) is a novel β-lactam/β-lactamase inhibitor combination product of a carbapenem antibiotic and a diazabicyclooctane β-lactamase inhibitor to restores activity of imipenem against many CRE and Pseudomonas aeruginosa.

	4.
	Therapeutic classification
	Antibiotic

	5.
	Hazardous rating for other drugs in this classification (list)
	None

	6.
	Molecular size in Daltons (Da)
	N/A

	7.
	Warnings/precautions (product label)
	· Hypersensitivity reactions
· Seizures and Central Nervous System Adverse Reactions: CNS adverse reactions such as seizures have been reported with imipenem/cilastatin, If focal tremors, myoclonus, or seizures occur, evaluate patients, to determine whether IMI-REL should be discontinued.
· Increased Seizure Potential Due to Interaction with Valproic Acid. Avoid concomitant use or consider alternative antibacterial drugs other than carbapenems.
· Clostridium difficile-Associated Diarrhea (CDAD): Has been reported with imipenem/cilastatin plus relebactam.

	8.
	Special preparation/handling precautions/instructions (product label)
	Final solution is stable for 2 hours at room temperature (up to 30 degrees C) or for at least 24 hours under refrigeration (2 to 8 degrees C; 36 to 46 degrees F). Do not freeze solution

	9.
	Special disposal instructions (product label)
	No special disposal instructions

	10.
	Pregnancy category (product label)
	N/A

	11.
	MSDS information
	N/A

	12.
	Literature reports of hazardous risk
	N/A



Final classification:  Hazardous or Not Hazardous? Not hazardous 


Table 3:  Information Needed for High Cost/Marginal Benefit Drugs
	FDA Advisory Committee (e.g. ODAC) Commentary 
Include a brief summary of relevant commentary or voting results from the FDA advisory committee’s review of the drug (e.g. was approval highly contested, did members of the committee bring up specific concerns about the drug, what were the voting results – 5 to 4 vs. 8 to 1?). Also include potential conflicts of interest of the committee’s voting members.
	Not available

	Unmet Clinical Need
Does treatment fill an unmet clinical need? If yes, define the patient population or clinical need. What are the other treatment options and where does this drug fit into current treatment guidelines (e.g. would this drug be 1st, 2nd, 3rd line? After failure of drugs X, Y, and Z?)?
	Infections due to these MDR gram-negative organisms have becoming increasingly difficult to treat and associated with high morbidity and mortality due to limited antimicrobial options. Current available treatment options include ceftazidime/avibactam, meropenem/vaborbactam, cefiderocol, ceftolozane/tazobactam. Upon release of these novel β-lactam/β-lactamase inhibitors, resistance have been reported and may pose a serious threat in the near future. Thus, there is still an ongoing need for new antimicrobials to combat the increasing frequency of MDR gram-negative infections.

	Predictors of Successful Drug Therapy Outcomes
Are there subgroups of patients who may respond better (or worse) to drug therapy? Define this population. Are tests or markers commercially available that will help identify which patients may respond better to therapy? 
	Patients with infections caused by MDR gram-negative organisms

	Pharmacoeconomic Analyses
Have any pharmacoeconomic analyses of the drug been conducted? If so, describe the main results.
	No





Table 4: Drug Assessment: list drug name (highlight the appropriate box in the table using a yellow color)

	Efficacy Measure
	Safety Measure
	Quality/Quantity
	Consistency
	Affordability

	The extent to which an intervention is helpful in prolonging life, arresting disease progression, or reducing symptoms of a medical condition
	Assessment of the relative likelihood of side effects from an intervention with fewer side effects being scored highly
	The number and types of clinical trials relevant to a particular intervention. To determine a score, panel members may weigh the depth of the evidence, i.e., the numbers of trials that address this issue and their design. 
	The degree to which the clinical trials addressing an intervention have consistent results
	 The overall cost of an intervention including drug cost, required supportive care, infusions, toxicity monitoring, management of toxicity, probability of care being delivered in the hospital, etc. with less expensive interventions being rated more highly than more expensive ones. 

	5 (Highly effective): 
Often provides long-term survival advantage or has curative potential 
	5 (Usually no meaningful toxicity): Uncommon or minimal side effects. No interference with activities of daily living (ADLs)
	5 (High quality): 
Multiple well-designed randomized trials and/or meta-analyses 
	5 (Highly consistent): Multiple trials with similar outcomes 
	5 Very inexpensive

	4 (Very effective): Sometimes provides long-term survival advantage or has curative potential 
	4 (Occasionally toxic): Rare significant toxicities or low-grade toxicities only. Little interference with ADLs 
	4 (Good quality): Several well-designed randomized trials 

	4 (Mainly consistent): Multiple trials with some variability in outcome 

	4 Inexpensive


	3 (Moderately effective): Modest, no, or unknown impact on survival but often provides control of disease 
	3 (Mildly toxic): Mild toxicity that interferes with ADLs is common 
	3 (Average quality): Low quality randomized trials or well-designed non-randomized trials 
	3 (May be consistent): Few trials or only trials with few patients; lower quality trials whether randomized or not 
	3 Moderately expensive


	2 (Minimally effective): Modest, no, or unknown impact on survival and sometimes provides control of disease
	2 (Moderately toxic): Significant toxicities often occur; life threatening/fatal toxicity is uncommon. Interference with ADLs is usual
	2 (Low quality): Case reports or clinical experience only 

	2 (Inconsistent): Meaningful differences in direction of outcome between quality trials 

	2 Expensive


	1 (Palliative only): Provides symptomatic benefit only
	1 (Highly toxic): Usually severe, significant toxicities or life threatening/fatal toxicity often observed. Interference with ADLs is usual and/or severe 
	1 (Poor quality): Little or no evidence 
	1 (Anecdotal evidence only): Evidence in humans based upon anecdotal experience 
	1 Very expensive 


Safety Note: For significant chronic or long-term toxicities, score decreased by 1

Overall Score: 18
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