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NEW PRODUCT ASSESSMENT FORM

	Approved Name of Medicinal Product:
	TEDIZOLID PHOSPHATE

	Brand Name:
	SIVEXTRO®

	Company:
	CUBIST (UK) LIMITED



Submitted by:	
	Name:
	Dimitar Tonev

	Position:
	Medical Director

	Signature:
	[image: ]

	Date:
	2nd February 2015



For submissions with a Patient Access Scheme (PAS)
I understand that if a future SMC submission refers to this product as a comparator and the SMC considers that, on account of the PAS, there is not enough information on this product in the public domain to make the economic comparison, we will be required to provide the essential additional information to the competitor company, on a confidential basis.	
	Name:
	NOT APPLICABLE

	Position:
	NOT APPLICABLE

	Signature:
	NOT APPLICABLE

	Date:
	NOT APPLICABLE



For Further Information Please Contact:
	Name:
	Dimitar Tonev

	Position:
	Medical Director

	Address:
	Unit 1, Horizon Business Village, 1 Brooklands Road, Weybridge, Surrey, KT13 0RU

	Phone Number:
	07823 557 100

	E-mail:
	dimitar.tonev@cubist.com



Please refer to the Guidance to Manufacturers (Revised April 2014) and Supplement on medicines for end of life and very rare conditions (June 2014) for completion of the New Product Assessment Form, available from the SMC website.

[bookmark: Patient_Interest_Groups]
Patient Groups and Voluntary Organisations

The Scottish Medicines Consortium (SMC) is committed to involving patient groups and voluntary organisations in its decision making process.  The main objective will be to provide SMC with a patient perspective on the condition being considered.  However representatives of such groups may wish to obtain simple information from the company making a submission.  

Such requests will be channelled through SMC to the company, as we recognise that they may raise particular issues relating to confidentiality and to codes of practice on promotion of unlicensed medicines.  Please provide a contact name for such requests (which may or may not be the same contact point as on the front page).

Please note: This is a contact point for SMC only.  It will not be given to representatives of Patient Groups without your express permission.

	Name:
	Dimitar Tonev

	Position:
	Medical Director, Cubist (UK) Limited

	Address:
	Unit 1, Horizon Business Village, 1 Brooklands Road, Weybridge, Surrey, KT13 0RU

	Phone Number:
	07823 557 100

	E-mail:
	dimitar.tonev@cubist.com




[bookmark: Summary_of_Information_for_Patients]Summary of Information for Patients

If companies wish to provide a patient / public friendly version of their submission they can do so following the standard “Summary Information for Patients” available on the SMC website.  The SMC secretariat will forward upon request to any Patient Group making a Patient Group submission in connection with a new product submission.
[bookmark: Freedom_of_Information]

Freedom of Information 

The Freedom of Information (Scotland) Act 2002 came into force on 1 January, 2005, and enables any person to obtain information from Scottish public authorities, giving legal right of access including all types of recorded information of any date held by Scottish public authorities.

As such all information received may be subject to disclosure under the Freedom of Information (Scotland) Act 2002.  

On receipt of a request for information, the SMC secretariat will contact your designated company representative to confirm that you are agreeable to the release of the information being requested and to give you the opportunity to identify information that is deemed as commercial in confidence.

To allow prompt attention on receipt of a request for information and deadlines for response to be met (20 working days from receipt of request) please identify a contact within your company who will deal with such requests.

	Name:
	Dimitar Tonev

	Position:
	Medical Director, Cubist (UK) Limited

	Address:
	Unit 1, Horizon Business Village, 1 Brooklands Road, Weybridge, Surrey, KT13 0RU

	Phone Number:
	07823 557 100

	E-mail:
	dimitar.tonev@cubist.com






[bookmark: Checklist_for_Completion_of_New_Product_]Checklist for Completion of New Product Assessment Form

Before submitting the New Product Assessment Form (NPAF) please ensure the following checklist is complete: Failure to complete any of these may delay processing of the submission.

	All sections of NPAF completed
	YES

	Signed electronic copy of full NPAF and appendices enclosed
	YES

	Electronic Summary of Product Characteristics enclosed
	YES

	References to be provided in a RIS formatted file including copies of all database references.
	YES




[bookmark: Submitting_the_NPAF_to_th_Secretariat]Submitting the NPAF to the Secretariat

As SMC uses a paperless system, wherever possible, a signed hard copy of the master NPAF is not required.  The secretariat will accept the electronic version of the NPAF as the master document, provided that the person responsible for compiling the submission has entered a scanned signature on the front page.

Please email your completed NPAF to Maureen Stark maureen.stark@nhs.net and Catherine Tait catherine.tait@nhs.net

Contact Address:  
SMC Secretariat
Scottish Medicines Consortium
Healthcare Improvement Scotland
8th Floor, Delta House
50 West Nile Street
Glasgow G1 2NP
Tel: 0141 225 6874 / 5552


GLOSSARY

	ABSSSI
	Acute bacterial skin and skin structure infections

	AE
	Adverse Event

	AOBD
	Acute Occupied Bed Days

	AWMSG
	All Wales Medicines Strategy Group

	BNF
	British National Formulary

	BSAC
	British Society of Antimicrobial Chemotherapy

	BUN
	Blood urea nitrogen

	CHMP
	European Medicines Agency Committee for Human Medicinal Products

	CMA
	Cost-Minimisation Analysis

	cSSSI
	Complicated Skin or Skin Structure Infection

	cSSTI
	Complicated Skin or Skin Tissue infection

	CE
	Clinically-Evaluable

	CE-EOT
	Clinically-Evaluable End of Treatment population

	CE-PTE
	Clinically-Evaluable Post-Therapy Evaluation population

	CI
	Confidence Interval

	CrI
	Credible Interval

	CRD
	Centre for Reviews and Dissemination

	ECDC
	European Centre for Disease Control

	EMA
	European Medicines Agency

	EOT
	End of treatment

	ESCMID
	European Society for Clinical Microbiology and Infectious Diseases

	FA
	Free Acid

	FDA
	US Food and Drug Administration

	HAI
	Healthcare-Acquired Infection

	HEAT
	Health Improvement Efficiency Access Treatment targets in NHS Scotland

	HPS
	Health Protection Scotland

	HRQoL
	Health-Related Quality of Life

	ITT
	Intent-to-Treat

	IV
	Intravenous

	LFU
	Late Follow-Up

	LOS
	Length of Stay

	MTC
	Mixed Treatment Comparison

	MRSA
	Methicillin-resistant Staph. aureus

	MSSA
	Methicillin-susceptible Staph. aureus

	NICE
	National Institute for Health and Care Excellence

	NI
	Non-inferiority

	NMA
	Network Meta-Analysis

	OPAT
	Outpatient Parenteral Antibiotic Therapy

	OR
	Odds Ratio

	PICC
	Peripherally-inserted central catheter

	PSA
	Probabilistic Sensitivity Analysis

	PTE
	Post-Therapy Evaluation

	RCT
	Randomised Controlled Trial

	RIE
	Right-sided infective endocarditis

	SAB 
	Staph. aureus bacteraemia

	SAE
	Serious adverse event

	SAP
	Statistical Analysis Plan

	SAPG
	Scottish Antimicrobial Prescribing Group 

	SIGN
	Scottish Intercollegiate Guidelines Network 

	SMC
	Scottish Medicines Consortium

	SmPC
	Summary of Product Characteristics

	SR
	Systematic Review 

	SSI
	Surgical site infection

	SSRI
	Selective serotonin reuptake inhibitor

	SSTI
	Skin or skin tissue infection

	TEAE
	Treatment-Emergent Adverse Event

	ToC
	Test of Cure - EMA preferred primary efficacy outcome

	TR-701
	The investigational name for tedizolid phosphate

	ULN
	Upper limit of normal 

	uSSTI
	Uncomplicated Skin and Skin Tissue Infection

	VAS
	Visual Analogue Scale

	WBC
	White Blood Cell




[bookmark: Registration_Details]1.	Registration Details 

a) State the indication(s) for the product detailed in the submission, as described in the Summary of Product Characteristics. 

Tedizolid phosphate (SIVEXTRO™) is a novel oxazolidinone-class antibacterial, which is expected to receive a European Union (EU) marketing authorisation for the treatment of acute bacterial skin and skin structure infections (ABSSSI) in adults(1). 

Tedizolid phosphate is already approved in the USA for the treatment of acute bacterial skin and skin structure infections (ABSSSI) caused by susceptible isolates of the following Gram-positive micro organisms: Staphylococcus aureus (including methicillin-resistant [MRSA] and methicillin-susceptible [MSSA] isolates), Streptococcus pyogenes, Streptococcus agalactiae, Streptococcus anginosus group (including Streptococcus anginosus, Streptococcus intermedius and Streptococcus constellatus), and Enterococcus faecalis.

It is anticipated that tedizolid phosphate will be licensed in the European Union for the same indication and patient population as in the US. The European Medicines Agency (EMA) Committee for Human Medicinal Products (CHMP) issued a positive opinion on 22nd January 2015. 

b) If the submission positions the medicine for use in a sub-population of the licensed indication, please state clearly the context in which you wish SMC to consider the use of the medicine.

This submission positions tedizolid phosphate for use in a sub-population of the expected EU licensed indication: namely, for patients with ABSSSI caused by Gram-positive Staphylococcus aureus (specifically methicillin-resistant [MRSA] isolates) only.

Tedizolid phosphate is primarily active against Gram-positive bacteria. It is bacteriostatic against enterococci, staphylococci, and streptococci in vitro only. Tedizolid phosphate is generally not active against Gram-negative bacteria (1).

For the avoidance of doubt, the manufacturer does not wish the SMC to consider the use of tedizolid phosphate in so-called “mixed infections”; that is, where the infection involves both Gram-positive and Gram-negative organisms. 
 
c) State any other indication(s) for the product that fall within the remit of SMC. If not previously reviewed by SMC, please provide details of timelines for submission(s).

As noted in section 1b) above, this submission is a selective submission, and the SMC is asked to consider the use of tedizolid phosphate in a sub-population of the total population covered by the anticipated EU marketing authorisation.

d) Provide details of the licence status of the product for the indication(s) detailed in the submission, including dates of granted or expected UK marketing approval.

Tedizolid phosphate does not yet have a licence in the EU or UK. The EMA CHMP issued a positive opinion on 22nd January 2015. An EU marketing authorisation is expected to follow shortly thereafter. 

e) Please answer Yes or No to each of the following.

Is this submission for:

i)   an end of life medicine (a medicine used to treat a condition at a stage  that usually leads to death within 3 years with currently available treatments)?	    

No.
                      
ii) a medicine with EMA designated orphan status or a medicine to treat an equivalent size of population (<5 per 10,000)?

No.

iii) a medicine used to treat a condition with prevalence of <1 in 50,000 people i.e. ultra-orphan status?

	 No.

If you have answered Yes to any of the above: 

In the event of NDC ‘not recommended’ advice, do you wish for the submission to be assessed under the end of life/ orphan process (i.e. with the option for a Patient and Clinician Engagement meeting and/or opportunity for new or revised PAS)? 

Not applicable. 

f) Has the product been designated a biosimilar medicine for the indication(s) detailed in the submission? 

No.

g) Does the product require a companion diagnostic test in order to identify patients eligible for treatment? Companion diagnostics require completion of Appendix B as part of the pharmaco-economic case.

No. Although a sensitivity test will be made available at launch to assist microbiologists and the NHS, it is not a requirement of the tedizolid phosphate SmPC or a pre-requisite for identifying eligible patients. 

h) Provide details of the estimated or actual UK launch date for the product in the indication(s) detailed in the submission. 

It is estimated that tedizolid phosphate will be launched in the UK as soon as practicable following EU marketing authorisation approval, in Q2 2015. 

i) Provide details of the formulation(s) of the product that are or will be licensed for the indication(s) detailed in the submission and their actual or anticipated list price(s).

Tedizolid phosphate is expected to be licensed for two formulations:
· As a film-coated tablet containing 200mg tedizolid phosphate.
· As a powder concentrate for solution for infusion

The recommended dose is 200mg once daily for six days. 

The NHS list price is anticipated to be approximately (confidential) £150 per 200mg tablet/intravenous (IV) daily dose, equivalent to £900 for a once-daily six-day course of treatment.

j) Has a Patient Access Scheme (PAS) been included within the submission?

No.

k) Provide details of any relevant active comparator(s) for the product in the indication(s) (with respect to any positioning, if relevant) detailed in the submission.

A number of antibiotics are licensed for use in NHS Scotland to treat a variety of complicated skin and skin tissue infections (cSSTIs), including ABSSSIs, such as vancomycin, daptomycin, ceftaroline, teicoplanin, tigecycline and linezolid. These are discussed in more detail in section 5d). The relevant active comparator for tedizolid phosphate in the clinical situation/sub-population described in sub-section 1b) above is linezolid (ZyvoxR). 

The British Society for Antimicrobial Chemotherapy (BSAC) has published evidence-based guidelines for the prevention and treatment of a variety of MRSA-caused infections (2). There is currently no Scottish guidance specifically for managing ABSSSIs caused by MRSA although Scottish Antimicrobial Prescribing Group guidance recommends treating all Staph. aureus bacteraemia (SAB) infections empirically, initiating intravenous vancomycin specifically where a Gram-positive MRSA infection is either suspected or proven (3). In patients who are intolerant to vancomycin, have a vancomycin allergy, treatment failure or if there is clinical concern regarding response, an alternative therapy should be discussed (3).

Linezolid is a recommended treatment option for cSSTIs caused by a Gram-positive organism such as MRSA where a glycopeptide, such as vancomycin, is unsuitable (4) or is otherwise inappropriate, has not been tolerated or where treatment modification is required. 

Tedizolid phosphate and linezolid are both from the oxazolidinone class of antibiotics, and are the only two agents licensed (or anticipated to be licensed) and used in NHS Scotland to treat MRSA-caused infections that are available in both oral and intravenous formulations.  Currently, the only approved agent for the treatment of cSSTI allowing an IV-to-oral switch treatment scheme without necessitating a change in antibiotic and/or dose is linezolid. Linezolid is increasingly used in the NHS in Scotland for the treatment of cSSTI, particularly if MRSA is considered a likely pathogen (5;6).
 
For all of these reasons, linezolid is the relevant active comparator for tedizolid phosphate and is the agent that would be displaced by tedizolid phosphate in this treatment setting in the NHS in Scotland. This assumption has been confirmed by Scottish expert clinical opinion.

l) Advise if the product or relevant active comparator(s) is currently subject to or scheduled for any other health technology assessment in the UK and provide details of these.

Tedizolid phosphate is expected to be subject to an assessment in Wales by the All Wales Medicines Strategy Group (AWMSG). Subject to receiving the EU marketing authorisation, the manufacturer anticipates making a submission to the AWMSG in the first quarter of 2015.



[bookmark: Overview_and_Positioning]2.	Overview and Positioning

1. Brief overview of disease 
Acute bacterial skin and skin structure infections (ABSSSI) comprise a subset of complicated skin and soft tissue infections (cSSTIs), a heterogeneous group of disorders that represent the more severe presentations of inflammatory microbial invasion of the epidermis, dermis and subcutaneous tissues. 

ABSSSI is defined as extensive cellulitis/erysipelas, wound infections, or major cutaneous abscesses, accompanied by redness, oedema, or induration, each with a minimum lesion surface area of approximately 75 cm2 (7). This definition has recently been adopted by the European Medicines Agency (EMA). 

The predominant pathogens causing ABSSSI are Gram-positive bacteria, particularly Streptococcus pyogenes and Staph. aureus including methicillin-resistant S. aureus. (MRSA) (8;9;10). Some 40% of ABSSSI are caused by Staph. aureus, with a significant proportion by MRSA (11;12). MRSA is a significant cause of antibiotic-resistant healthcare-associated and community-acquired infections worldwide (11;13; 14). MRSA is associated with longer hospital stays, poorer outcomes and higher costs of care compared to other pathogens (11;15;16;17;18), with hospitalisation costs accounting for approximately 81% of total healthcare costs (19;20). 
Healthcare-associated infections (HAIs) and antimicrobial resistance (AMR) remain key priorities for the Scottish Government (21;22), with MRSA one of the two major antibiotic resistance issues confronting Scottish hospitals today (23). MRSA was cited as the primary cause of or a contributory factor in 36 deaths in Scotland in 2013 (24) and quarterly Scottish Staphylococcus aureus bacteraemia (SAB) surveillance reports confirms that 1581 episodes of SAB were reported to Health Protection Scotland (HPS) in the year July 2013 - June 2014, of which 141 (8.9%) were methicillin-resistant (25). The priority to further reduce the number of HAIs in Scotland is reflected in the national HEAT target for NHS Boards so that, by March 2015, SAB cases (including MRSA) cases represent ≤0.24 per 1000 acute occupied bed days (AOBD). 
2. Brief overview of current treatment options in Scotland 
Antimicrobials licensed for the treatment of cSSTIs/ABSSSI in Scotland and elsewhere in the UK include vancomycin, teicoplanin, tigecycline, ceftaroline, daptomycin, telavancin, and linezolid. They are generally efficacious, but have several limitations related to increased antimicrobial resistance, safety, adverse events (specifically nephrotoxicity with vancomycin and myelosuppression with linezolid), drug-drug interactions (DDIs) (MAOIs and serotonergic agents with linezolid), and dose-related complexities in patients with renal impairment. These concerns and limitations become even more challenging when dealing with patients with associated comorbidities.

Current standard practice in NHS Scotland is to treat all proven or suspected MRSA-caused ABSSSIs empirically with vancomycin (3) initially, using an alternative agent where appropriate. However, vancomycin efficacy has come into question, with concerns over its slow bactericidal activity and the emergence of resistant strains (26). Glycopeptide standard therapy has been associated with clinical failures (27;28) and resistance to the newer therapies (linezolid, daptomycin, tigecycline) has also been reported (29). Linezolid resistance in SAB first emerged in the US as early as 2001 (30).

Currently, linezolid, an oxazolidinone, is the only medicine approved for cSSTI caused by MRSA and the only approved agent allowing an intravenous (IV)-to-oral treatment switch without necessitating a change in antibiotic and/or dose. However, sporadic outbreaks of linezolid-resistant strains of MRSA and enterococci, including those carrying a plasmid-borne cfr gene encoding the chloramphenicol/ florfenicol resistance protein, have been reported (15;31). Linezolid is associated with cross-resistance, and significant safety concerns have emerged since it was first approved by the FDA and in Europe (32). 

3. Rationale for development of new product 
The management of MRSA-caused infections remains a significant challenge in both inpatient and outpatient settings. Resistance to (and/or reduced susceptibility of) currently available agents is increasing; vancomycin effectiveness is declining (33) and linezolid resistance now appears to have spread more broadly (34;35;36). In September 2009, the EMA and the European Centre for Disease Prevention and Control (ECDC) jointly published a report highlighting the gap between infections due to drug-resistant bacteria and the development of new antibiotics (37). New antibacterial medicines, offering shorter treatment duration, improved potency, safety, tolerability and DDI profile and both oral and IV formulations would facilitate early switch (from intravenous to oral) as well as early hospital discharge are valuable to optimise treatment of skin infections due to drug-resistant Gram-positive bacteria like MRSA. These treatment attributes are aligned with the objectives of antimicrobial stewardship programmes in Scotland (21;38) and elsewhere.  

4. Product positioning, place in therapy and rationale in support
Tedizolid phosphate (SIVEXTROTM) is a novel, potent oxazolidinone prodrug that is rapidly converted to microbiologically active tedizolid. Tedizolid binds to the bacterial 50S ribosomal subunit to inhibit protein synthesis, resulting in broad in vitro activity against Gram-positive pathogens, including MRSA and strains resistant to vancomycin or linezolid (38;40).

Tedizolid phosphate is expected to receive an EU marketing authorisation for the treatment of ABSSSI in adults in Q1 2015. While belonging to the same antibiotic class as linezolid, due to its unique molecular structure and target site-binding properties, tedizolid phosphate possesses key attributes distinct from linezolid and will be approved for both oral and IV use. This submission invites the SMC to consider tedizolid phosphate for use in a sub-population of the expected EU licensed indication: namely, for adult patients with ABSSSI caused by Gram-positive-MRSA only. In this clinical population, tedizolid phosphate would be expected to displace the use of linezolid in a post-vancomycin treatment setting (or where vancomycin is not appropriate) on the specific advice of local microbiologists or specialists in infectious disease. 

In two randomised, double-blind, active-controlled Phase 3 clinical trials [ESTABLISH-1 (TR701-112, oral therapy) and ESTABLISH-2 (TR701-113, intravenous (IV) therapy with possible switch to oral therapy)], comprising more than 1,300 patients with ABSSSI, tedizolid phosphate was statistically non-inferior to linezolid for the primary efficacy outcome of early clinical response at 48-72 hours and for all secondary efficacy outcomes. Both EMA- and FDA-preferred endpoints were included in the studies. 

A Cost-Minimisation Analysis (CMA) was deemed the most appropriate economic evaluation because therapeutic equivalence in terms of efficacy between tedizolid phosphate and linezolid had been demonstrated in the Phase 3 randomised controlled trials, which were of non-inferiority design. The CMA considered the medicine acquisition costs of tedizolid phosphate and linezolid for a course of treatment, as well as associated administration and monitoring costs. A conservative approach was taken, which assumed no difference between tedizolid phosphate and its comparator in efficacy, adverse events, or tolerability, even though small differences were observed between treatment groups with reduced toxicity and DDIs in the tedizolid phosphate groups. 
In the base case, a 6-day course of tedizolid phosphate was cost-saving in year 1 per patient per course of treatment compared to a 10-day course of linezolid. In one-way sensitivity analyses and scenario analyses, treatment with tedizolid phosphate was also cost-saving, primarily as a result of the once-daily administration and shorter duration of treatment course compared to linezolid.
[bookmark: Comparative_Efficacy]
3.	Comparative Efficacy

Summary of comparative efficacy 

· The efficacy, safety and tolerability of tedizolid phosphate in patients with ABSSSI has been evaluated in a comprehensive clinical development programme, including two Phase 3 clinical studies comparing tedizolid phosphate with the active comparator, linezolid.

· The Phase 3 studies utilised a non-inferiority design in accordance with FDA guidance on the development of new systemic antibacterials. 

· Primary endpoints were chosen to meet the preferences of both European and US regulators. The primary efficacy outcome analysis for the EU was “test of cure” (TOC), as determined by the Investigator’s assessment of clinical success at the post therapy evaluation (PTE) visit in the Intent-to-Treat (ITT) and Clinically Evaluable at PTE (CE-PTE) analysis sets. This assessment was timed to occur 7 to 14 days after the end of therapy (EOT) visit. For the FDA, the preferred primary endpoint was early clinical response. 

· In the randomised, double blind, double dummy, multicentre Phase 3 study, ESTABLISH-1 (intent-to-treat [ITT] population, n=667), 200mg oral tedizolid phosphate administered once daily for 6 days was non-inferior to 600mg oral linezolid administered twice daily for 10 days on the primary endpoint of early clinical response (48-72 hour visit) in the ITT population (79.5% (95% CI, 74.8% to 83.7%) in the tedizolid phosphate group vs. 79.4% (95% CI, 74.7% to 83.6%).

· Results between the tedizolid phosphate and linezolid groups were similar on all secondary endpoints, including: sustained clinical response at the End-Of-Treatment (EOT) visit (Day 11) in the ITT population (69.3% (95% CI, 64% to 74.2%) in the tedizolid phosphate group vs. 71.9% (95% CI, 66.8% to 76.7%) in the linezolid group; investigator's assessment of clinical success at the PTE visit (85.5% (95% CI, 81.3% to 89.1%) in the tedizolid phosphate group vs. 86.0% (95% CI, 81.8% to 89.5%) in the linezolid group; and investigator's assessment of clinical response at the 48-72 hour visit and Day 7 visit.

· In the randomised, double blind, double dummy, multicentre Phase 3 study, ESTABLISH-2
	ITT population, n=666), 283 (85%) patients in the tedizolid phosphate group and 276 (83%) in the linezolid group achieved early clinical response (absolute difference of 2.6%, 95% CI -3.0 to 8.2), meeting the pre-specified non-inferiority margin and showing non-inferiority of tedizolid phosphate to linezolid.

· In ESTABLISH-2, on the EMA-preferred endpoint of TOC, in the ITT analysis set 292 (88.0%) patients in the tedizolid phosphate group and 293 (87.7%) in the linezolid group had investigator-assessed clinical success at the PTE visit (difference 0.3, 95% CI -4.8, 5.3). Similar results were observed in the CE-PTE analysis set [268 (92%) of 290 patients in the tedizolid phosphate group; 269 (96%) of 280 in the linezolid group (difference -3.7%, 95% CI -7.7 to 0.2)].

· Overall, 6 days of tedizolid phosphate demonstrated similar efficacy to 10 days of linezolid on all primary and secondary efficacy endpoints in the ITT and CE-PTE populations in both ESTABLISH-1 and ESTABLISH-2. A pre-specified pooled analysis confirmed the efficacy outcomes of the two studies independently.

· Approximately 43% of randomised subjects in ESTABLISH-1 (27% in ESTABLISH-2) had an MRSA-caused ABSSSI at baseline. Results from the pooled analysis of the Phase 3 studies demonstrated that the proportion of patients with MRSA infections achieving early clinical response was high (>80%) and was comparable between treatment groups.

a) Provide details of studies, which provide evidence of the clinical benefits with the medicine in the indication(s) under review relative to active comparator(s) used in clinical practice. The most relevant are active-controlled studies. However, if active-controlled studies are not available, details of placebo-controlled or uncontrolled studies should be included. Placebo-controlled and uncontrolled studies can also be included if they provide evidence of relevant clinical benefits not demonstrated in active-controlled studies.

3.1 Overview of the Clinical Development Programme 
The efficacy, safety and tolerability of tedizolid phosphate has been evaluated in a comprehensive clinical study programme comprising 7 Phase 1 studies, 2 Phase 2 studies and 2 Phase 3 studies, the latter two against an active comparator, linezolid. An overview of each of these studies is provided in Appendix A.

For the purposes of this submission, evidence of relevant clinical benefits will be presented from the two Phase 3 studies only.

3.2 Overview of Phase 3 clinical trials
As noted in section 1k) above, the product currently in use in NHS Scotland most likely to be displaced in current clinical practice by the introduction of tedizolid phosphate is linezolid. The efficacy, safety and tolerability of tedizolid phosphate compared to linezolid in patients with ABSSSI has been investigated in two phase 3, randomised, double-blind non-inferiority studies:
ESTABLISH-1 (clinicaltrials.gov Identifier: NCT01170221) was a double-blind, randomised, double-dummy, non-inferiority trial comparing the efficacy and safety of 6-day oral tedizolid phosphate with 10-day oral linezolid in 667 patients with ABSSSI (38;41).
ESTABLISH-2 (clinicaltrials.gov Identifier: NCT014221511) was a double-blind, randomised, double-dummy, non-inferiority trial comparing the efficacy and safety of 6-day IV-to-oral tedizolid phosphate with 10-day IV-to-oral linezolid in 666 patients with ABSSSI (40;42).
The ESTABLISH-1 and ESTABLISH-2 trials employed a non-inferiority clinical trial design in accordance with 2010 FDA guidance regarding the use of non-inferiority trials to support product approval in antibacterial clinical efficacy evaluations (8). According to FDA guidance, non-inferiority trials are interpretable and acceptable to support approval of a medicine for an indication of the treatment of ABSSSI. Moreover, if treatment of ABSSSI is the sole indication for which the medicine has been, or is being, developed, then two adequate and well-controlled trials are generally recommended to provide evidence of effectiveness (7). Both ESTABLISH-1 and ESTABLISH-2 used a 10% non-inferiority margin compared with linezolid; the protocols for both studies were granted FDA Special Protocol Assessment. A showing of superiority is not considered ethical given the availability of other licensed treatments. 
The EMA guidance on the evaluation of medicinal products in bacterial infections (42) recommends the use of investigator assessments of clinical response at post-treatment evaluations (also known as ‘Test of Cure’) as the primary endpoint. By contrast, the FDA draft guidelines (7) recommend early clinical response assessments (48-72 hours on treatment) for the primary analysis of efficacy. Given this background, the manufacturer designed the Phase 3 studies of tedizolid phosphate to collect data supporting marketing authorisation in both regions, as suggested in December 2011 CHMP guidance (44).

The inclusion criteria and exclusion criteria for the patients enrolled in ESTABLISH-1 and ESTABLISH-2 trials were also in accordance with the FDA-developed guidance in ABSSSI(8). Patients were eligible for enrolment if they had cellulitis/erysipelas, major cutaneous abscess or a wound infection. Patients with chronic infection, or those with severe or complicated infections (including patients with diabetic foot conditions, burns and decubitus or chronic skin ulcer, or ischemia), were excluded from the studies, as were those subjects taking a selective serotonin reuptake inhibitor (SSRI) (38;40;41;42). 

Duration of therapy for tedizolid phosphate was selected on the basis of Phase 2 trial data. A double-blind Phase 2 study (45) evaluated three dosage levels (200 mg, 300 mg, or 400 mg) of oral, once-daily tedizolid phosphate over 5 days to 7 days for the treatment of ABSSSI; treatment days were as determined by the investigator based on the patient’s response. A clinical cure rate of 96.8% for patients with MRSA infection was observed with a mean duration of therapy for all treatment groups of 6.4 days. As such, the 6-day therapy duration for tedizolid phosphate was selected for the Phase 3 studies. 

The analyses of the studies included intent to treat (ITT) and clinically evaluable (CE) populations. The latter group was consistent with a per-protocol population in terms of inclusion and exclusion criteria and duration of study treatment. Both Phase 3 studies were adequately powered for both the EMA- and FDA-preferred endpoints and separate statistical analysis plans (SAP) were prospectively developed for the regulatory submissions in the EU and US.

[bookmark: _Ref381373556][bookmark: _Toc396058426]An overview of study design, patient population, interventions, and outcomes measured in ESTABLISH-1 and ESTABLISH-2 is presented in Table 1.
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[bookmark: _Ref280715057]Table 1: Overview of the tedizolid phosphate Phase 3 clinical trials: ESTABLISH-1 and ESTABLISH-2
	Trial  
	Trial design
	Patient population
	Interventions
	Study outcomes
	Primary Publication 

	ESTABLISH-1 

	A Phase 3, non-inferiority, randomised, two-arm, parallel group, double-blind, double-dummy, global, multicentre study. Trial conducted in the outpatient setting
	Key inclusion criteria:
Males or females ≥18 years of age 
ABSSSI meeting at least one of the following clinical syndromes and requiring systemic oral antibiotic therapy (local symptoms must have started within 7 days before the screening visit):
· Cellulitis/erysipelas
· Major cutaneous abscess
· Wound infection
Suspected or documented Gram-positive infection from baseline Gram stain or culture
Patient able to give informed consent and willing to comply with all required study procedures
Key exclusion criteria:
uSSSI such as furuncles, minor abscesses, impetiginous lesions, superficial, or limited cellulitis/erysipelas, and minor wound infections 
Infections associated with, or in close proximity to, a prosthetic device
Severe sepsis or septic shock
Known bacteremia at time of screening
ABSSSI due to or associated with:
· Gram-negative pathogens in patients with cellulitis/erysipelas or major cutaneous abscesses that require an antibiotic. Those with wound infections where Gram-negative adjunctive therapy is warranted could be enrolled if they met the other inclusion criteria
· Diabetic foot infections, gangrene, or perianal abscess
· Concomitant infection at another site not including a secondary ABSSSI lesion
· Infected burns
· Decubitus or chronic skin ulcer, or ischemic ulcer due to peripheral vascular disease 
· Infected human or animal bites (arthropod bites were allowed)
Use of antibiotics:
· Systemic antibiotic with Gram-positive cocci activity within 96 hours before Dose 1 of study medicine 
· Patients who failed prior therapy for the primary infection site 
· Topical antibiotic on the primary lesion for antibiotic/antiseptic-coated dressing applied to clean, postsurgical wound
Use of (within 14 days of Dose 1): MAOIs, SSRIs, tricyclic antidepressants, and serotonin 5-hydroxytryptamine (5-HT1) receptor agonists (triptans), meperidine, or buspirone 
	Tedizolid phosphate (N=332):
Oral tedizolid phosphate 200 mg once-daily for 6 days followed by 4 days of matching placebo 
Linezolid (N=335):
Oral linezolid 600 mg twice-daily for 10 days 
	Primary:
Non-inferiority of oral tedizolid phosphate compared with oral linezolid in the early clinical response, defined as cessation of spread of primary ABSSSI lesion compared with baseline as well as a temperature of ≤37.6°C at two consecutive visits taken within 24 hours, at the 48 Hour to 72 Hour Visit
Secondary:
Sustained clinical response at the EOT Visit Investigator’s assessment of clinical success at the PTE Visit 
Investigator’s assessment of clinical response at the 48 Hour to 72 Hour Visit and Day 7 Visit
Change from baseline in pain scores at each time point
Change from baseline in lesion size, assessment of local signs and symptoms, and systemic signs (lymphadenopathy, percentage immature neutrophils, and WBC count)
	Prokocimer P, De Anda, C, Fang E, Mehra P and Das A. Tedizolid Phosphate vs Linezolid for the Treatment of Acute Bacterial Skin and Skin Structure Infections The ESTABLISH-1 Randomized Trial. JAMA February 13, 2013. Vol 309(6): 559-569. (38)

	ESTABLISH-2  

	A Phase 3, non-inferiority, randomised, two-arm, parallel group, double-blind, double-dummy, global, multicentre study
	Key inclusion criteria:
Males or females ≥12 years of age 
ABSSSI meeting at least one of the following clinical syndromes and requiring systemic oral antibiotic therapy (local symptoms must have started within 7 days before the screening visit):
· Cellulitis/erysipelas
· Major cutaneous abscess
· Wound infection
Suspected or documented Gram-positive infection from baseline Gram stain or culture
Patient able to give informed consent and willing to comply with all required study procedures
Patients to grant adequate venous access for a minimum of 2 IV doses of study medicine
Key exclusion criteria:
uSSSI such as furuncles, minor abscesses, impetiginous lesions, superficial, or limited cellulitis/erysipelas, and minor wound infections 
Infections associated with, or in close proximity to, a prosthetic device
Severe sepsis or septic shock
Known bacteremia at time of screening
ABSSSI due to or associated with:
· Gram-negative pathogens in patients with cellulitis/erysipelas or major cutaneous abscesses that require an antibiotic. Those with wound infections where Gram-negative adjunctive therapy is warranted could be enrolled if they met the other inclusion criteria
· Diabetic foot infections, gangrene, or perianal abscess
· Concomitant infection at another site not including a secondary ABSSSI lesion
· Infected burns
· Decubitus or chronic skin ulcer, or ischemic ulcer due to peripheral vascular disease 
· Infected human or animal bites (arthropod bites were allowed)
Use of antibiotics:
· Systemic antibiotic with Gram-positive cocci activity within 96 hours before Dose 1 of study medicine
· Patients who failed prior therapy for the primary infection site 
· Topical antibiotic on the primary lesion for antibiotic/antiseptic-coated dressing applied to clean, postsurgical wound
Use of (within 14 days of Dose 1): MAOIs, SSRIs, tricyclic antidepressants, and serotonin 5-hydroxytryptamine (5-HT1) receptor agonists (triptans), meperidine, or buspirone
	Tedizolid phosphate (N=332):
Tedizolid phosphate 200 mg once-daily (IV to oral) for 6 days of treatment followed by 4 days of placebo
Linezolid (N=334): 
Linezolid 600 mg twice-daily (IV to oral) for 10 days of treatment 
	Primary:
Non-inferiority of IV-to-oral tedizolid phosphate compared with IV-to-oral linezolid in early clinical response, defined as ≥20% reduction in area of erythema, oedema, and/or induration of the primary ABSSSI lesion compared with baseline, at the 48 Hour to 72 Hour Visit 
Secondary:
Clinical response at the EOT visit 
Investigator’s assessment of clinical success at the PTE Visit 
Investigator’s assessment of clinical response at 48 Hour to 72 Hour Visit and Day 7 Visit
Change from baseline in pain scores at each time point
	Moran GJ, Fang E, Corey GR, Das AF, De Anda C and Prokocimer P. Tedizolid for 6 days versus linezolid for ten days for acute bacterial skin and skin-structure infections (ESTABLISH-2): a randomised, double-blind, phase 3, non-inferiority trial. Lancet Infect Dis 2014. Published online http://dx.doi.org/10.1016/S1473-3099(14)70737-6 (40).


SOURCES: (38) (40) ESTABLISH-1 CSR (41): section 8, 9.1, 9.2, 9.3.1, 9.3.2 and 9.4.1; ESTABLISH-2 CSR (42): section 8, 9.1, 9.2, 9.3.1, 9.3.2 and 9.4.1.
Note: Inclusion and exclusion criteria presented here are not exhaustive
ABSSSI: Acute bacterial skin and skin structure infection; EOT: End of therapy; IV: Intravenous; N: Number of patients in population; PTE: Post therapy evaluation; MAOs: Monoamine oxidase inhibitors; SSRIs: Selective serotonin reuptake inhibitors; USSSI: Uncomplicated Skin and Skin Structure Infection; WBC: White blood cell
3.3 ESTABLISH-1

Study title and name: The Efficacy and Safety of 6-day Oral Tedizolid in Acute Bacterial Skin and Skin Structure Infections vs 10-day Oral Linezolid Therapy (ESTABLISH-1)(38).

3.3.1	Objective: To establish the non-inferiority of tedizolid phosphate vs. linezolid in treating ABSSSIs and to compare the safety of the two agents.

3.3.2	Study design: ESTABLISH-1 was a Phase 3, randomised, double-blind, double-dummy, non-inferiority study comparing oral tedizolid phosphate with oral linezolid in adults patients with ABSSSI. It was conducted at 81 study centres in North America, Latin America, and Europe. 

3.3.3	Inclusion and exclusion criteria: The study enrolled patients ≥18 years of age with ABSSSI as defined by the FDA (7), specifically patients with cellulitis/erysipelas, major cutaneous abscess, and wound infection. Key inclusion and exclusion criteria are listed in Table 1 above.

3.3.4	Interventions: Patients were randomised in a 1:1 ratio to receive either oral tedizolid phosphate 200 mg once-daily for 6 days or oral linezolid 600 mg twice-daily for 10 days. Randomisation was stratified by the presence or absence of fever at baseline, geographic region, and clinical syndrome (cellulitis/erysipelas, major cutaneous abscess, and wound infection). 

All patients received three tablets of study treatment daily, as per the double-dummy design. No dose escalations or reductions were allowed during the course of the study. 
The daily dose schedule according to treatment groups is described in Table 2.
[bookmark: _Ref381373610][bookmark: _Toc396058428]Table 2: Daily dosing schedule by treatment group in ESTABLISH-1
	Days
	Route of administration
	Dose
	Tedizolid phosphate group
	Linezolid group

	1-6
	Oral
	Dose 1
	Active tedizolid phosphate + placebo linezolid
	Placebo tedizolid phosphate + active linezolid

	
	Oral
	Dose 2
	Placebo linezolid
	Active linezolid

	7-10 
	Oral
	Dose 1
	Placebo tedizolid phosphate + placebo linezolid
	Placebo tedizolid phosphate + active linezolid

	
	Oral
	Dose 2
	Placebo linezolid
	Active linezolid


SOURCE: ESTABLISH-1 CSR (41): section 9.4.1 Table 9-1 
3.3.5   Permitted and disallowed concomitant medications: Details of the concomitant therapy rules, as well as a list of prohibited and permitted medications are provided in Table 3.
[bookmark: _Ref283818102]

Table 3: Concomitant therapy rules, including list of prohibited and allowed therapies 

	Category
	Medication and Procedures 
	Comments on Use

	Prohibited
	Concomitant systemic antibiotics (except adjunctive aztreonam and/or metronidazole in patients with wound infections). If therapy is required to treat an infection other than that associated with the primary ABSSSI, such antibiotic therapy should not have overlapping antibacterial activity with the study drug for the pathogen isolated from the ABSSSI lesion at baseline, if possible
	Prohibited 96 hours prior to Dose 1 through the LFU Visit. Antibiotics with activity against ABSSSI pathogens or those with local activity such as norfloxacin, nalidixic acid, pipemedic acid, or oral vancomycin are allowed as they are not expected to interfere with the clinical and microbiological response assessments of the primary lesion or for clinical failure of study drug

	
	Topical antibiotic on the primary ABSSSI lesion except associated with surgical dressing on a clean wound
	Prohibited 96 hours prior to Dose 1 through to the LFU Visit

	
	Any of the following medications: 
· Monoamine oxidase A and B inhibitors (eg, phenelzine, isocarboxazid) 
· Serotonergic agents including antidepressants such as selective serotonin reuptake inhibitors, tricyclic antidepressants, serotonin 5-HT1 receptor agonists (triptans), meperidine, or buspirone
	Prohibited within 14 days before Dose 1 through the EOT Visit

	
	In patients with uncontrolled hypertension, pheochromocytoma, carcinoid syndrome, or thyrotoxicosis: systemic directly and indirectly acting sympathomimetic agents (eg, pseudoephedrine, phenylpropanolamine), vasopressive agents (eg, epinephrine, norepinephrine), or dopaminergic agents (eg, dopamine, dobutamine).
	Prohibited within 2 days before Dose 1 through the EOT Visit. Use of a small amount of a vasoconstrictor (eg, lidocaine containing epinephrine) during a local surgical procedure (eg, incision and drainage) is allowed

	
	For wounds and abscesses: incision and drainage of the ABSSSI site not planned before
randomisation and performed after Day 1 is
discouraged, but can be performed if clearly indicated by the clinical condition. For cellulitis: incision and drainage of the ABSSSI site not planned before randomisation and performed after the 48-72 Hour Visit is discouraged, but can be performed if clearly indicated by the clinical condition.
	

	
	Nonsteroidal anti-inflammatory drugs (NSAIDs) or oral steroids
	Prohibited between enrollment and the 48-72 Hour Visit unless used chronically prior to enrollment (eg, NSAID for arthropathy, low-dose aspirin for cardiovascular prophylaxis, etc); allowed after the 48-72 Hour
Visit. Alternatives such as acetaminophen or morphinomimetic use are not  prohibited at any time

	Allowed
	Adjunctive aztreonam and/or metronidazole in patients with wound infection
	When gram-negative pathogens are suspected or found

	
	Topical antiseptics, disinfectants, and soaps for
local care and body decontamination
	As needed for wound care

	
	Topical antibiotic outside the primary lesion
	Prohibited on primary ABSSSI lesion

	
	Supportive measures for optimal medical care (such as debridement, wound packing, wound lavage, aspiration puncture, excision with or without grafting, etc)
	As needed throughout study; detailed information is required to ensure appropriate clinical response categorisation

	
	Analgesic medication
	Recommended to use analgesic medication that does not have
antipyretic effects until after the 48-72 Hour Visit

	
	Antipyretic medication
	Recommended to use only when patient temperature exceeds 38°C

	
	Antifungal or antiviral agents
	As needed at the discretion of the treating physician

	
	Additional care for other medical issues
	As needed at the discretion of the treating physician


Source: ESTABLISH-1 CSR (41): Table 9-2, section 9.4.7
Abbreviations: 5-HT1=5-hydroxytryptamine; ABSSSI=acute bacterial skin and skin structure infection; EOT=end of therapy; LFU=late follow-up.

3.3.6	Time points for evaluation: Patients’ response to treatment was assessed at the 48- to 72-hour visit after the first dose of study medication had been administered, at the End-Of-Treatment (EOT; day 11 relative to the first dose of either study medication on day 1) visit, and at the Post-Therapy Evaluation (PTE; 7-14 days after the EOT) visit. The last day of active therapy was day 6 for patients in the tedizolid phosphate group and day 10 for those in the linezolid group.

The schedule of study visits is presented in Figure 1.
[bookmark: _Ref380663396][bookmark: _Toc396058364]Figure 1: Study visits in ESTABLISH-1
Screening (Day 1)
Tedizolid phosphate 200 mg once-daily oral (6-day course)
Linezolid 600 mg twice-daily oral (10-day course)
EOT Visit (Day 11; +2 days after last dose)
Day 2 Visit
48 Hour to 72 Hour Visit
Day 7 Visit (+2 days)*
PTE Visit (Day 18 to Day 25; 7-14 days after EOT Visit)
Late follow-up Visit (Day 29 to Day 36; 18-25 days after EOT Visit)












18-25 days after EOT visit

SOURCE: Prokocimer, 2013 (38)
*Certain assessments were performed on day 7, while others were performed between days 7-9, as indicated in the CSR.
EOT: End of therapy; PTE: Post-therapy evaluation

3.3.7 Study populations and analysis sets: The intent-to-treat (ITT) analysis set (n=667) included all randomised patients. The safety analysis set (n=666) included all patients who were randomised and received at least 1 dose of study drug. The clinically evaluable (CE) analysis set included all patients in the ITT set who complied with the protocol without major violations and completed specified assessments for a particular outcome.

There were two CE sets. Patients in the CE-EOT analysis set (n=559) completed the 48- to 72-hour and EOT assessments without major protocol violations or receiving treatments that might confound outcomes (that is, non-steroidal anti-inflammatory medicines or oral steroids up to 72 hours or concomitant antibiotics at any time). Patients in the CE-PTE analysis set (n=559) completed the investigator’s assessment of outcome at the PTE visit without major protocol violations or receipt of treatments that might confound outcomes.

The MITT analysis set (n=418) comprised all patients in the ITT population who had a baseline Gram-positive bacterial pathogen known to cause ABSSSI. These different study populations are described in Table 4.
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Table 4: Different study populations used in ESTABLISH-1 

	Population
	Definitions

	ITT
	All randomised patients

	MITT
	All patients in the ITT population who had a baseline Gram-positive bacterial pathogen known to cause ABSSSI

	CE-EOT
	All patients in the ITT population who complied with the protocol with no major violations and met the following criteria:
Completed the primary outcome assessment at the 48-Hour to 72-Hour Visit unless the patient was a failure (for sustained clinical response) at the EOT Visit
Completed the clinical response outcome assessment at the EOT Visit
No concomitant systemic antibiotic therapy or topical antibiotic from the first infusion of the study drug through the EOT Visit that is potentially effective against the baseline pathogen except adjunctive aztreonam and/or metronidazole in patients with wound infections

	CE-PTE
	All patients in the ITT population who complied with the protocol with no major violations and who met the following criteria:
Completed the investigator’s assessment of clinical response at the PTE Visit
No concomitant systemic antibiotic therapy or topical antibiotic from the first infusion of the study drug through the PTE Visit that is potentially effective against the baseline pathogen except adjunctive aztreonam and/or metronidazole in patients with wound infections

	Safety 
	All patients in the ITT population who received at least one dose of active drug


SOURCE: ESTABLISH-1 CSR (41): section 9.7.1.1 Table 9-9 
ABSSSI: Acute bacterial skin and skin structure infection; CE-EOT: Clinically evaluable at end of therapy; CE-PTE: Clinically evaluable at post-therapy evaluation; EOT: End of therapy; ITT: Intent-to-treat; ME: Microbiologically evaluable; MITT: Microbiological intent-to-treat; PTE: Post-therapy evaluation

3.3.7	Main Outcome Measures: 

· Primary outcome: The primary outcome of ESTABLISH-1 was the early clinical response at the 48-Hour to 72-Hour Visit in the ITT population. Early clinical response at the 48-Hour to 72-Hour Visit was defined as cessation of spread of primary ABSSSI lesion compared with baseline as well as a temperature of ≤37.6°C at two consecutive visits taken within 24 hours.

This definition was in accordance with the draft FDA guidelines that were current at the time of finalisation of the study protocol. Although the FDA updated the recommendation subsequently to recommend that early clinical response be defined as a reduction of ≥20% in lesion size compared with baseline with no fever component, the protocol for ESTABLISH-1 was not changed and the analysis plans were not modified, although sensitivity analyses were conducted on the primary outcome (see section 3.2.11 below)(41). 

As noted in section 3.1 above, a 10% non-inferiority margin was pre-defined based on linezolid efficacy, and was agreed upon in a special protocol amendment with the FDA.

· Secondary outcomes: The secondary outcomes of ESTABLISH-1 were as follows:
Sustained clinical response at the EOT Visit (ITT and CE-EOT population)
Investigator's assessment of clinical success at the PTE Visit (ITT and CE-PTE population) (also known as “Test of cure” (TOC), which was the EMA-preferred efficacy outcome);
Investigator's assessment of clinical response at the 48-Hour to 72-Hour Visit and Day 7 Visit
Change from baseline in pain scores
[bookmark: _Ref381373655][bookmark: _Toc396058429]Change from baseline in lesion size, assessment of local signs and symptoms, and systemic signs (lymphadenopathy, percentage immature neutrophils, and white blood cell count)

A full description of the primary and secondary outcomes of ESTABLISH-1 is given in Table 5. 
[bookmark: _Ref280717985]Table 5: Description of primary and selected secondary outcome measures in ESTABLISH-1
	Outcome
	Definition

	Primary outcome measure: Early clinical response at the 48 Hour to 72 Hour Visit (ITT population)

	Lesion component 
	No increase in erythema lesion area (length*width) of the primary ABSSSI lesion compared with baseline

	Temperature component 
	Temperature ≤37.6°C at the time of visit as well at the next measurement taken within 24 hours of the 48-Hour to 72-Hour Visit

	Secondary outcome measures

	Sustained clinical response at the EOT Visit in ITT population
	Patients who were not defined as a clinical failure or an indeterminate were considered a clinical success
Patients were defined as a clinical failure if they met any of the following at EOT Visit:
Presence of fever >37.6°C, with no cause other than the primary skin infection
No decrease from baseline in the size (area, length, and width) of the primary ABSSSI lesion
Clinician assessment of tenderness worse than mild
Presence of patient reported pain
Patients were defined as a clinical failure if they met any of the following from the first infusion of study drug through the EOT Visit:
Receipt of any systemic concomitant antibiotic therapy that is potentially effective against the baseline pathogen with the exception of adjunctive aztreonam and/or metronidazole in patients with wound infections
TEAE leading to discontinuation of study drug and patient required additional antibiotic therapy to treat the ABSSSI
Requires additional antibiotic therapy for treatment of the primary lesion 
Unplanned major surgical intervention required due to failure of study drug (i.e. amputation) 
Developed osteomyelitis after baseline 
For wounds and abscess: incision and drainage of the ABSSSI site not planned before randomisation and performed after Day 1 
For cellulitis/erysipelas: incision and drainage of the ABSSSI site after the 48 Hour -72 Hour Visit
Death (all-cause mortality) within 28 days of the first dose of study drug
Patients were defined as an indeterminate if they met any of the following:
Osteomyelitis present at baseline 
Lost to follow-up prior to EOT (Day 11)
For patients with cellulitis/erysipelas or major cutaneous abscess: Gram-negative organism isolated at baseline that required a different antibiotic therapy
For patients with wound infections: Gram-negative organism isolated at baseline that required a different antibiotic therapy other than aztreonam or metronidazole
Patient withdraws consent prior to the EOT Visit

	Sustained clinical response at the EOT Visit in CE-EOT population
	

	Investigator’s assessment of clinical success at the PTE Visit in ITT population
	Patients were defined as a clinical success if they met the following three criteria:
· Resolution or near resolution of most-disease specific signs and symptoms
· Absence or near resolution of systemic signs of infection (lymphadenopathy, fever, >10% immature neutrophils, abnormal WBC count), if present at baseline
· No new signs, symptoms, or complications attributable to the ABSSSI so no further antibiotic therapy is required for the treatment of the primary lesion

	Investigator’s assessment of clinical success at the PTE Visit in CE-PTE population
	

	Investigator’s assessment of clinical response at the 48-Hour to 72-Hour Visit and Day 7 Visits
	48-Hour Visit to 72-Hour Visit:
Improving - improvement in overall clinical status of ABSSSI compatible with continuation of study drug therapy
Stable - signs and symptoms stable, no apparent change in overall clinical status but compatible with continuation of study drug therapy 
Day 7 Visit:
Improving - improvement in overall clinical status of ABSSSI compatible with continuation of study drug therapy

	Change from baseline in the pain scores at each time point
	Assessed using VAS and FRS
Pain categorised as absent (no pain with functional limitation or requiring pain management) or present (pain with functional limitation or requiring pain management)


SOURCE: ESTABLISH-1 CSR (41): section 9.5.3.1 
Note: PTE visit occurs 7 days - 14 days after the EOT; LFU visit occurs 18 days - 25 days after the EOT visit
ABSSSI: Acute bacterial skin and skin structure infection; CE-EOT: Clinically evaluable at end of therapy; CE-PTE: Clinically evaluable at post-therapy evaluation; EOT: End of therapy; FRS: Faces rating scale; ITT: Intent-to-treat; LFU: Late follow-up; PTE: Post-therapy evaluation; TEAE: Treatment-emergent adverse event; VAS: Visual analogue scale; WBC: White blood cell

· Other outcomes: Additional endpoints included: 
Proportion of patients with sustained clinical success at the Late Follow-Up (LFU) (18 days - 25 days after the EOT visit) phase, after having previously achieved Investigator's assessment of clinical success at the PTE visit in the CE-PTE population
Proportion of patients who achieved early clinical response at the 48-Hour to 72-Hour Visit and who subsequently achieved clinical success at the PTE Visit in the ITT population
Investigator assessment of clinical success by baseline pathogen at the PTE Visit in the MITT population.

3.3.8	Population included in primary analysis of primary outcome: The primary analysis of the primary outcome was carried out on the ITT population of all randomised patients (n=667).

For the primary outcome of early clinical response at the 48-Hour to 72-Hour Visit, patients were defined as responders, non-responders, or indeterminates according to the objective criteria outlined in Table 6. Patients assigned an indeterminate response were considered non-responders for the purposes of determining clinical response at the 48-Hour to 72-Hour Visit. 
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Table 6: Criteria for responders and non-responders at the 48-Hour to 72-Hour Visit in ESTABLISH-1

	Term
	Criteria

	Responder
	Cessation of spread of the primary ABSSSI lesion, compared with baseline (cessation of spread was defined as no increase in lesion surface area [length*width] compared with baseline) 
Temperature ≤37.6°C at the time of visit as well at the next measurement taken within 24 hours of the 48-Hour to 72-Hour Visit

	Non-responder
	Spread of the primary ABSSSI lesion, compared with baseline (spread of the lesion was defined as an increase in lesion surface area [length * width] as compared to baseline)
Receipt of any systemic concomitant antibiotic therapy that is potentially effective against the baseline pathogen with the exception of adjunctive aztreonam and/or metronidazole in patients with wound infections
Death (all-cause mortality)
Temperature >37.6°C at the 48 Hour to 72 Hour Visit (assessed by the investigator) or the next measurement taken within 24 hours of the 48 Hour to 72 Hour Visit


SOURCE: ESTABLISH-1 CSR (41): section 9.5.1.1. and 9.5.3.1 
ABSSSI: Acute bacterial skin and skin structure infection

The primary efficacy outcome analysis for the EU was the Investigator’s assessment of clinical success of tedizolid phosphate compared with that of 10-day linezolid treatment at the PTE Visit in the ITT and CE-PTE) analysis sets. This assessment was timed to
occur 7 to 14 days after the EOT Visit and thus compared the response to tedizolid phosphate and linezolid at an equivalent timepoint after the completion of the protocol-specified therapy. In addition, given this timing, the PTE visit can be regarded as the equivalent of a TOC visit as recommended for the evaluation of efficacy in CPMP/EWP/558/95 rev 2; EMA guidance 2011(44). 

3.3.9	Statistical test in primary analysis of primary outcome: A non-inferiority (NI) margin of 10% was initially selected based on the US primary endpoints of early response at 48-72 hours. This margin was selected on the basis of analyses of historical data regarding the treatment effect of antibiotics and contemporary data of the efficacy of linezolid. However, given this selected NI margin and a 1-sided alpha of 0.025, both Phase 3 studies were designed to enrol populations of sufficient size to provide at least 85% power for the primary analyses to be based on either the EU or the US outcome assessments. The studies are therefore in compliance with the current EMA guidance on NI margins in studies of bacterial infections (42).

In both Phase 3 studies, the patient randomisation was stratified by a number of baseline
Factors. On the basis of scientific advice received from MHRA (March 18, 2010) and the guidance contained in Points to Consider on Adjustment for Baseline Covariates (CPMP/EWP/2863/99), the primary analysis of efficacy was appropriately adjusted for the stratification factors used for the patient randomisation in each study.

3.3.10 Primary hypothesis under investigation and power calculation/sample size: The sample size for ESTABLISH-1 was calculated using the Farrington and Manning method (46). Assuming a point estimate of 81% in both treatment groups for the primary outcome measure of early clinical response rate at the 48- to 72-hour assessment, a 90% power, 1-sided level of 0.025, and a 10% non-inferiority margin, a total sample size of 658 patients was required (329 patients in each treatment group). A minimum early treatment response rate of 81% was based on results from the phase 2 dose-ranging study in which 90.6% (95% CI, 80.7%-96.5%) of patients in the 200 mg of tedizolid phosphate group had no increase in lesion size and 100% had no fever at the day 3 assessment (45). 

Exact 95% confidence intervals for point estimates were determined using the method of Clopper and Pearson (47). Non-inferiority for the primary and secondary efficacy outcomes was determined based on the lower limit of the 2-sided 95% confidence intervals for the difference in treatment response rates. The 95% confidence intervals were computed using the method proposed with stratification (for presence or absence of fever at baseline) by Miettinen and Nurminen (48). Non-inferiority was concluded if the lower limit of the 95% confidence interval was greater than -10%. 

To control for inflation of the overall type I error rate, the hierarchical testing procedure of Westfall and Krishen (49) was used with the order of the testing procedure as indicated above for secondary outcomes. Safety data were summarised by treatment group using the numbers and percentages of patients. All statistical analyses were performed using SAS version 9.2.

3.3.11 Secondary analyses of primary outcome: Pre-specified sensitivity analyses of the primary endpoint were planned to test the robustness of the data and to correspond with evolving FDA/regulatory thinking with regard to the definition of “early clinical response”. These analyses excluded temperature as a variable and outcomes were defined as (1) no increase in lesion area from baseline at the 48- to 72-hour assessment; (2) 20% or greater decrease in lesion area from baseline at the 48- to 72-hour assessment (the primary efficacy outcome proposed by the Foundation for the National Institutes of Health)(50); and (3) no increase in lesion area, length, or width from baseline at the 48- to 72-hour assessment. 

3.3.12 Analyses of secondary outcomes: A pre-specified sensitivity analysis of the secondary outcome of sustained clinical response did not include the presence or absence of pain. Patients who were treatment non-responders or indeterminates at the 48- to 72-hour assessment were not carried forward as treatment failures to the EOT visit, but were instead assessed for a response at this visit. This is consistent with the draft guidance (7) issued after the initiation of the study and agreed with the FDA.

3.3.13 Patient disposition and analysis sets: A total of 667 patients were randomised to receive tedizolid phosphate (n=332) or linezolid (n=335) and comprised the ITT analysis set (see Figure 2). Approximately 90% of patients who were randomised also completed the study. The safety analysis set consisted of 666 patients who received the study drug. The CE-EOT and CE-PTE analysis sets each consisted of 559 patients (83.8%). The percentage of patients in each analysis set (based on the ITT population) was the same between the 2 treatment groups. The MITT analysis set (n=418) comprised all patients in the ITT population who had a baseline Gram-positive bacterial pathogen known to cause ABSSSI.

3.3.14 Baseline demographics and disease characteristics: Baseline characteristics and demographics were balanced with no significant differences between the tedizolid phosphate and linezolid treatment groups. Baseline demographic characteristics of patients with ABSSSI for the ITT population are summarised in Table 7.

[bookmark: _Ref280543641]Figure 2 Disposition and Analysis Sets of Patients in the ESTABLISH-1 study 
[image: ]
SOURCE: Prokocimer, 2013 (38). A Included all randomised patients. B Included all patients who received at least 1 dose of study drug. C Included patients who received minimal study therapy, completed 48-to 72-hour and end-of-treatment assessments, received no concomitant systemic antibiotic therapy through EOT, and had no confounding events or factors. D A patient could have more than 1 reason for exclusion from an analysis set. Included patients who received the minimal study therapy, completed EOT and PTE assessments, received no concomitant systemic antibiotic therapy through PTE, and had no confounding events or factors.
[bookmark: _Ref381692539][bookmark: _Toc396058433]
[bookmark: _Ref281743690]Table 7: Baseline demographics in ESTABLISH-1 (ITT population)

	Characteristic
	Tedizolid phosphate
(N=332)
	Linezolid
(N=335)
	Total
(N=667)

	Sex, n (%)

	Female
	128 (38.6)
	137 (40.9)
	265 (39.7)

	Male
	204 (61.4)
	198 (59.1)
	402 (60.3)

	Age, years

	Mean
	43.6
	43.1
	43.3

	SD
	14.96
	15.06
	15.00

	Median
	43.0
	42.0
	43.0

	Min, max
	18, 86
	18, 100
	18, 100

	Age group, n (%)

	<65 years
	303 (91.3)
	309 (92.2)
	612 (91.8)

	≥65 to ≤75 years
	19 (5.7)
	19 (5.7)
	38 (5.7)

	>75 years
	10 (3.0)
	7 (2.1)
	17 (2.5)

	Ethnicity, n (%) 

	Hispanic or Latino
	115 (34.6)
	108 (32.2)
	223 (33.4)

	Not Hispanic or Latino
	217 (65.4)
	227 (67.8)
	444 (66.6)

	Race, n (%)

	White
	280 (84.3)
	275 (82.1)
	555 (83.2)

	Asian
	2 (0.6)
	7 (2.1)
	9 (1.3)

	Black or African American
	39 (11.7)
	38 (11.3)
	77 (11.5)

	Native Hawaiian or other Pacific Islander
	0
	2 (0.6)
	2 (0.3)

	American Indian or Alaskan Native
	4 (1.2)
	5 (1.5)
	9 (1.3)

	Other
	7 (2.1)
	8 (2.4)
	15 (2.2)

	BMI, kg/m2

	Mean
	27.9
	28.0
	28.0

	SD
	5.33
	5.34
	5.33

	Median
	27.5
	27.3
	27.4

	Min, max
	15.99, 39.97
	16.76, 39.99
	15.99, 39.99


SOURCE: ESTABLISH-1 CSR (41): section 11.2.1 Table 11-3 
Note: p-value for gender, ethnicity, and race from a Fisher's exact test; p-value for age and BMI from a Wilcoxon rank sum test
BMI: Body mass index; ITT: Intent-to-treat; N: Number of patients in population; n: Number of patients in specific category; SD: Standard deviation

· Baseline disease characteristics in ESTABLISH-1 
The most common ABSSSI relevant medical histories, reported in ≥20% of patients in either the tedizolid phosphate or linezolid treatment group, were current or recent IV drug use (35.2% vs. 39.4%), recent trauma that resulted in primary infection (32.5% vs. 33.7%), and previous ABSSSI (22.6% vs. 24.2%). There were no clinically significant differences between the treatment groups in ABSSSI relevant medical histories. Data related to ABSSSI relevant medical history at baseline in the ESTABLISH-1 study are summarised in Table 8.
[bookmark: _Ref381692583][bookmark: _Toc396058434]Table 8: Baseline ABSSSI relevant medical history in ESTABLISH-1 (ITT population)
	Characteristic
	Tedizolid phosphate (N=332)
n (%)
	Linezolid (N=335)
n (%)
	p-value

	Relevant surgical procedure that resulted in primary infection
	3 (0.9)
	3 (0.9)
	1.0000

	Recent trauma that resulted in primary infection
	108 (32.5)
	113 (33.7)
	0.7430

	Current or recent IV drug use
	117 (35.2)
	132 (39.4)
	0.2980

	Diabetes mellitus
	26 (7.8)
	26 (7.8)
	1.0000

	HIV positive 
	5 (1.5)
	1 (0.3)
	0.1219

	Poor living conditions
	25 (7.5)
	16 (4.8)
	0.1495

	Concurrent secondary ABSSSI lesions
	48 (14.5)
	43 (12.8)
	0.5738

	Previous ABSSSI
	75 (22.6)
	81 (24.2)
	0.6482

	Patient-reported fever
	66 (19.9)
	62 (18.5)
	0.6945

	Other relevant diagnosis or procedure
	20 (6.0)
	30 (9.0)
	0.1855


SOURCE: ESTABLISH-1 CSR (41): section 11.2.2 Table 11-5 
Note: p-value from a Fisher's exact test
ABSSSI: Acute bacterial skin and skin structure infection; HIV: Human immunodeficiency virus; ITT: Intent-to-treat; IV; Intravenous; N: Number of patients in population; n: Number of patients in specific category
· Type and location of infections in ESTABLISH-1 
Infection types occurred with similar frequency in both treatment groups. The most common infection of patients enrolled in the study was cellulitis/erysipelas (tedizolid phosphate group: 40.7%; linezolid group: 41.5%), followed by major cutaneous abscess (tedizolid phosphate group: 30.1%; linezolid group 29.3%) and wound infection (tedizolid phosphate group: 29.2%; linezolid group: 29.3%)(Table 9). 
[bookmark: _Ref384050329][bookmark: _Toc396058435]Table 9: ABSSSI infections in ESTABLISH-1 (ITT population)
	Type of ABSSSI infection
	Tedizolid phosphate
(N=332)
n (%)
	Linezolid
(N=335)
n (%)

	Cellulitis/erysipelas
	135 (40.7)
	139 (41.5)

	Major cutaneous abscess
	100 (30.1)
	98 (29.3)

	Wound infection:
	97 (29.2)
	98 (29.3)

	Superficial incisional surgical site infection
	3 (0.9)
	3 (0.9)

	Post-traumatic wound
	94 (28.3)
	95 (28.4)


SOURCE: ESTABLISH-1 CSR (41): section 11.2.3.1 Table 11-7 
ABSSSI: Acute bacterial skin and skin structure infection; ITT: Intent-to-treat; N: Number of patients in population; n: Number of patients in specific category

The anatomical sites of infection were also similar in the tedizolid phosphate and linezolid treatment groups with the most common locations being leg (39.8% vs. 40.9%), arm (23.2% vs. 27.5%), and buttock (10.8% vs. 9.9%). In addition, baseline median surface area of lesion was also similar in both the tedizolid phosphate and linezolid treatment groups (188.3 cm2 vs. 190.0 cm2). Median surface area of lesion was balanced between the tedizolid phosphate and linezolid groups for cellulitis/erysipelas (232.0 cm2 vs. 238.0 cm2), major cutaneous abscess (168.0 cm2 vs. 172.0 cm2), and wound infection (162.5 cm2 vs. 168.1 cm2). 
· Baseline ABSSSI infecting pathogens in ESTABLISH-1

The majority of the infecting pathogens were Gram-positive aerobes in both the tedizolid phosphate and linezolid groups within the MITT population. In both treatment groups, S. aureus represented over 80% of the pathogens. MRSA was prevalent in 42.1% of cases in the tedizolid phosphate group and 43.1% in the linezolid group (Table 10). This sub-population of patients with MRSA-caused ABSSSI is described in more detail in section 3b).
[bookmark: _Ref381628493][bookmark: _Toc396058436]Table 10: Pathogenic organisms from primary ABSSSI site or blood culture in ESTABLISH-1 (MITT population) 
	Pathogenic organism 
	Tedizolid phosphate (N=209)
n (%)
	Linezolid (N=209)
n (%)

	Gram-positive (aerobes):
	207 (99.0)
	205 (98.1)

	S. aureus
	171 (81.8)
	175 (83.7)

	MRSA
	88 (42.1)
	90 (43.1)

	MSSA
	83 (39.7) 
	87 (41.6)

	PVL S. aureus
	97 (46.4)
	102 (48.8)

	Other Gram-positive (aerobes) 
	59 (28.3) 
	44 (21.2) 

	Gram-positive (anaerobes)
	3 (1.4)
	8 (3.8)

	Gram-negative organisms (aerobes)
	6 (2.9)
	6 (2.9)

	Gram-negative organisms (anaerobes)
	0
	1 (0.5)


SOURCE: ESTABLISH-1 CSR (41): section 11.2.3.3 Table 11-13 
Note: Patients with the same pathogen isolated from multiple specimens are counted only once for that pathogen. Patients with the same pathogen identified from both the blood and primary ABSSSI cultures are counted only once. Patients with both MRSA and MSSA are counted only once in overall S. aureus row and untyped S. aureus pathogens are only counted in the overall S. aureus row.
ABSSSI: Acute bacterial skin and skin structure infection; MITT: Microbiological intent-to-treat; MRSA: Methicillin-resistant S. aureus; Methicillin-susceptible S. aureus; PVL: Panton-Valentine Leukocidin; n: Number of patients in specific category; N: Number of patients in population

[bookmark: _Ref382402660][bookmark: _Ref280723072][bookmark: _Toc396058452]3.3.15 Results of the primary analysis of the primary outcome: In the primary efficacy ITT analysis, the early clinical treatment response rates were 79.5% (95% CI, 74.8% to 83.7%) of 332 patients in the tedizolid phosphate group and 79.4% (95% CI, 74.7% to 83.6%) of 335 patients in the linezolid group (a treatment difference of 0.1% [95% CI, -6.1% to 6.2%])(38)(see Table 11).
Table 11: Proportion of clinical responders (defined as defined as ≥20% decrease in lesion area or cessation of primary lesion spread and absence of fever - primary endpoint, or ≥20% decrease from baseline in lesion area – sensitivity analysis) at the 48-Hour to 72-Hour Visit in ESTABLISH-1 (ITT population)
	Outcome measure 
	Response
	Tedizolid phosphate
n (%)
	Linezolid
n (%)
	Difference
(%)
	95% CI for difference

	Primary outcome

	≥20% decrease from baseline in lesion area at the 48 Hour to 72 Hour Visit (sensitivity analysis)
	N
	332
	335
	-
	-

	
	Responder
	259 (78.0)
	255 (76.1)
	1.9
	(-4.5, 8.3)

	
	Non-responder or indeterminate
	73 (22.0)
	80 (23.9)
	
	

	
	Non-responder
	50 (15.1)
	56 (16.7)
	
	

	
	Indeterminate
	23 (6.9)
	24 (7.2)
	
	

	No increase from baseline at 48-Hour to 72-Hour Visit in lesion area and length and width, and absence of fever (primary endpoint)
	N
	332
	335
	-
	-

	
	Responder
	264 (79.5)
	266 (79.4)
	0.1
	(-6.1, 6.2)

	
	Non-responder or indeterminate
	68 (20.5)
	69 (20.6)
	
	

	
	Non-responder
	27 (8.1)
	35 (10.4)
	
	

	
	Indeterminate
	41 (12.3)
	34 (10.1)
	
	


SOURCE: Prokocimer, 2013 (38)

CI: Confidence interval; ITT: Intent-to-treat; N: Number of patients in population; n: Number of patients in specific category

The lower limit of the 95% confidence interval was above -10%, which was the predefined requirement for non-inferiority. The primary reason for clinical outcomes of treatment non-responder or indeterminate was missing temperature data or outside the pre-specified time window in the tedizolid phosphate (11.1%) and linezolid (9.6%) groups. A total of 8.1% and 10.4% of patients in the tedizolid phosphate and linezolid groups, respectively, were true treatment non-responders (i.e, had spread of the primary ABSSSI lesions and/or had
temperatures >37.60C at the 48- to 72-hour assessment) (38,Table 2).

3.3.16 Results of sensitivity analyses of the primary efficacy outcome: For each of the sensitivity analyses of the primary efficacy outcome, the differences between treatments and 95% confidence intervals were similar to those of the primary analysis. Excluding the fever/temperature component or varying the lesion response definitions (-20% decreases in lesion areas from baseline or no increase from baseline in lesion area, length, or width) had no significant effect on treatment response rates (39, Table 3). 

In the sensitivity analysis where early clinical response was defined as a ≥20% decrease from baseline in lesion area with no fever criteria, 78.0% of patients in the tedizolid phosphate group (n=259; 95% CI, 73.2%-82.4%) and 76.1% in the linezolid group (n=255; 95% CI, 71.1%-80.6%) met the endpoint (a treatment difference of 1.9% [95% CI, -4.5% to 8.3%)(see Table 11).

In the sensitivity analysis where early clinical response was defined as no increase in lesion size (with no fever criteria), 87.0% of patients in the tedizolid phosphate group (n=289; 95% CI, 83.0%-90.5%) and 85.4% in the linezolid group (n=286; 95% CI, 81.1%-89.0%) met the endpoint (a treatment difference of 1.6% [95% CI, -3.5% to 7.0%)(39, Table 3).

3.3.17 Analyses of secondary outcomes
· 3.3.17.1 Sustained clinical response at EOT in the ITT population: The sustained clinical treatment response rates at the end of treatment (EOT)(day 11) were similar in both groups in the ITT population: 69.3% (95% CI, 64.0% to 74.2%) in the tedizolid phosphate group and 71.9% (95% CI, 66.8% to 76.7%) in the linezolid group (an absolute treatment difference of -2.6% [95% CI, -9.6% to 4.2%]) (39).

· 3.3.17.2 Sustained clinical response at EOT in the CE-EOT population: The sustained clinical treatment response rates at the end of treatment (EOT)(day 11) were similar in both groups in the CE-EOT analysis: 80.2% (95% CI, 80.0% to 84.8%) in the tedizolid phosphate group and 81.1% (95% CI, 76.1 to 85.5%) in the linezolid group (an absolute treatment difference of -0.9% [95% CI, -7.7% to 5.4%]) (39).

· 3.3.17.3 Investigator-assessed clinical treatment response at the PTE visit in the ITT population: Investigator-assessed clinical treatment response at the PTE visit was also similar in the tedizolid phosphate and linezolid groups in the ITT analysis set (85.5% [95% CI, 81.3% to 89.1%] vs 86.0% [95% CI, 81.8% to 89.5%], respectively) and in the CE-PTE analysis set (94.6% [95%CI, 91.3% to 97.0%] vs 95.4% [95% CI, 92.2% to 97.5%, respectively). 

For all of these secondary analyses, the lower limit of the 95% confidence interval for the difference was above -10%; and thus the non-inferiority of tedizolid phosphate to linezolid can be concluded for each of these secondary outcome measures.

[bookmark: _Ref280723264]The main secondary outcomes are summarised in Table 12.

[bookmark: _Ref281746424]Table 12: Key secondary outcomes - ESTABLISH 1 

	Outcome measure 
	Response
	Tedizolid phosphate
n (%)
	Linezolid
n (%)
	Difference
(%)
	95% CI for difference

	Secondary outcomes 

	Clinical response at the EOT Visit (ITT population) 
	N
	332
	335
	-
	-

	
	Clinical success
	230 (69.3)
	241 (71.9)
	-2.6
	(-9.6, 4.2)

	
	Clinical failure or indeterminate
	102 (30.7)
	94 (28.1)
	
	

	Clinical response at the EOT Visit (CE-EOT population)
	N
	273
	286
	-
	-

	
	Clinical success
	219 (80.2)
	232 (81.1)
	-0.9
	(-7.7, 5.4)

	
	Clinical failure
	54 (19.8)
	54 (18.9)
	
	

	Investigator’s assessment of clinical success at the PTE Visit (ITT population)
	N
	332
	335
	-
	-

	
	Clinical success
	284 (85.5)
	288 (86.0)
	-0.5
	(-5.8, 4.9)

	
	Clinical failure or indeterminate
	48 (14.5)
	47 (14.0)
	
	

	Investigator’s assessment of clinical success at the PTE Visit (CE-PTE population)
	N
	279
	280
	-
	-

	
	Clinical success
	264 (94.6)
	267 (95.4)
	-0.8
	(-4.6, 3.0)

	
	Clinical failure
	15 (5.4)
	13 (4.6)
	
	


[bookmark: _Ref384384165][bookmark: _Toc396058831]3.3.17.4 Concordance between early clinical response assessments and those at the EOT and PTE Visits 
[bookmark: _Ref390272835][bookmark: _Toc396058458]ESTABLISH-1 demonstrated a high concordance between early clinical response and the clinical response at both the EOT and PTE visits (>80%). Concordance was comparable for both the tedizolid phosphate and linezolid groups (Table 13). These data suggest that the early assessment can be used as a marker of the longer-term clinical outcomes.




Table 13: ESTABLISH-1 Concordance and discordance of early clinical response at the 48-Hour to 72-Hour Visit and investigator assessment of clinical response at the EOT and PTE Visits (ITT population)
	Outcome measure 
	Response
	Tedizolid phosphate
n (%)
	Linezolid
n (%)

	Sustained clinical success at the EOT Visit
	
	Early responder
	Early non-responder
	Early indeterminate
	Early responder
	Early non-responder
	Early indeterminate

	
	Clinical success
	253/332 (76.2)
	21/332 (6.3)
	21/332 (6.3)
	256/335  (76.4)
	25/335 (7.5)
	17/335 (5.1)

	
	Clinical failure
	4/332 (1.2)
	5/332 (1.5)
	3/332 (0.9)
	4/335 (1.2)
	7/335 (2.1)
	1/335 (0.3)

	
	Indeterminate
	7/332 (2.1)
	1/332 (0.3)
	17/332 (5.1)
	6/335 (1.8)
	3/335 (0.9)
	16/335 (4.8)

	Sustained clinical success at the PTE Visit
	Clinical success
	243/332 (73.2)
	21/332 (6.3)
	20/332 (6.0)
	247/335 (73.7)
	24/335 (7.2)
	17/335 (5.1)

	
	Clinical failure
	7/332 (2.1)
	5/332 (1.5)
	3/332 (0.9)
	6/335 (1.8)
	7/335 (2.1)
	1/335 (0.3)

	
	Indeterminate
	4/332 (4.2)
	1/332 (0.3)
	18/332 (5.4)
	13/335 (3.9)
	4/335 (1.2)
	16/335 (4.8)


SOURCE: ESTABLISH-1 CSR 41: section 11.4.1.3, Table 11-42; Table 14.2.37.2 Data in bold and italicised indicate concordance data ITT: Intent-to-treat; EOT: End of Therapy; n: Number of patients in specific category
[bookmark: _Ref384384575][bookmark: _Toc396058832]3.3.17.5 Sustained clinical success at the LFU Visit (18 days - 25 days after the EOT Visit) 
The proportion of patients achieving sustained clinical success at the LFU Visit after having previously achieved Investigator-assessed clinical success at the PTE Visit in the CE-PTE population was comparable between tedizolid phosphate and linezolid (Table 14).
[bookmark: _Ref281818563][bookmark: _Toc396058460]Table 14: ESTABLISH-1 Proportion of patients with sustained clinical success at the LFU Visit (CE-PTE population)
	Outcome measure 
	Response
	Tedizolid phosphate
n (%)
	Linezolid
n (%)
	Difference
(%)
	95% CI for difference

	Sustained clinical success at the LFU Visit
	N
	264
	267
	-
	-

	
	Sustained clinical success
	259 (98.1) 
	267 (100.0)
	1.1
	NE

	
	Clinical failure/relapse
	3 (1.1)
	0
	
	

	
	Indeterminate
	2 (0.8)
	0
	
	


SOURCE: ESTABLISH-1 CSR 41: section 14.2, Table 14.2.23 CE-PTE: Clinically evaluable at post therapy evaluation; CI: Confidence interval; LFU: Late follow-up; N: Number of patients with clinical success at PTE Visit; NE: Not estimable; NR: Not reported; n: Number of patients in specific category
[bookmark: _Ref389947239][bookmark: _Ref382384572][bookmark: _Ref393899502][bookmark: _Ref393899729][bookmark: _Toc396058833]3.3.17.6 Microbiological response of Gram-positive pathogens including MRSA 
The proportion of patients achieving favourable microbiological response to Gram-positive infections, including S. aureus and MRSA infections, at the PTE Visit in the MITT population was also comparable between the tedizolid phosphate and linezolid groups (Table 15).
[bookmark: _Ref281818907][bookmark: _Toc396058461]Table 15: ESTABLISH-1 Proportion of patients with favourable microbiological response at the PTE Visit by selected baseline pathogen (MITT population)
	Per-pathogen microbiological response at the PTE Visit
	Response
	Tedizolid phosphate
n (%)
	Linezolid
n (%)

	Gram-positive organisms (aerobes)
	N
	207
	205

	
	Unfavourable or indeterminate
	29 (14.0)
	26 (12.7)

	S. aureus
	N
	171
	175

	
	Favourable
	149 (87.1)
	157 (89.7)

	
	Unfavourable or indeterminate
	22 (12.9)
	18 (10.3)

	MRSA
	N
	88
	90

	
	Favourable
	76 (86.4)
	77 (85.6)

	
	Unfavourable or indeterminate
	12 (13.6)
	13 (14.4)

	MSSA
	N
	83
	87

	
	Favourable
	73 (88.0)
	82 (94.3)

	
	Unfavourable or indeterminate
	10 (12.0)
	5 (5.7)

	Gram-positive organisms (anaerobes)
	N
	3 
	8

	
	Favourable
	2 (66.7) 
	4 (50.0)

	
	Unfavourable or indeterminate
	1 (33.3) 
	4 (50.0)

	Gram-negative organisms (aerobes)
	N
	6 
	6

	
	Favourable
	3 (50.0) 
	5 (83.3)

	
	Unfavourable or indeterminate
	3 (50.0)
	1 (16.7)

	Gram-negative organisms (aerobes)
	N
	0
	1

	
	Favourable
	0
	0

	
	Unfavourable or indeterminate
	0
	1 (100)


SOURCE: ESTABLISH-1 CSR 41: section 14.2, Table 14.2.33.1. MITT: Microbiological intent-to-treat; MSSA: Methicillin-susceptible S. aureus; MRSA: Methicillin-resistant S. aureus; PTE: Post-therapy evaluation; N: Number of patients in population; n: Number of patients in specific category
3.3.18 Sensitivity analysis of secondary outcomes: Because the primary reasons for failure of sustained clinical treatment response at the EOT were non-response at the 48- to 72-hour assessment (i.e. lesion area increased and/or temperature was >37.60C) and/or the patient reported pain, a sensitivity analysis of sustained clinical response was conducted that did not include the presence or absence of pain, and in which patients who were treatment non-responders or indeterminates at the 48-to 72-hour assessment were not carried forward as treatment failures to the EOT visit. The sensitivity analysis was consistent with the FDA guidance, which was issued after the special protocol amendment granted to the study sponsor, and showed similar results for the outcome of sustained clinical response as those for the secondary outcome measure (39; Table 3).

3.3.19 Conclusions and Relevance: ESTABLISH-1 demonstrated that tedizolid phosphate (administered once daily for 6 days) was a statistically non-inferior treatment to linezolid (administered twice daily for 10 days) in early clinical response at 48 to 72 hours after initiating therapy for an ABSSSI. Tedizolid phosphate may therefore be considered a reasonable alternative to linezolid for treating ABSSSI (39).

3.4	ESTABLISH-2

Study title and name: A Phase 3 Randomized, Double-Blind, Multicenter Study Comparing the Efficacy and Safety of IV to Oral 6-Day TR-701 Free Acid and IV to Oral 10-Day Linezolid for the Treatment of ABSSSI (ESTABLISH-2).

3.4.1 Objective: The primary objective was to determine the NI in the early clinical response rate of IV to oral 6-day TR-701 Free Acid (FA) treatment compared with that of IV to oral 10-day linezolid treatment at 48-72 hours after the first infusion of study drug in the ITT Analysis Set in patients with ABSSSI. Early clinical response is defined by lesion area only (42).

3.4.2 Study design: ESTABLISH-2 was a Phase 3, randomised, double-blind, double-dummy, non-inferiority trial that enrolled patients at 58 study centres in nine countries (Argentina, Australia, Germany, New Zealand, Poland, Russia, South Africa, Spain and the USA).  

The schedule of study visits where patients were evaluated in the ESTABLISH-2 trial was the same as in ESTABLISH-1 and is presented in Figure 3 below. 
[bookmark: _Ref380771355][bookmark: _Toc396058365]Figure 3: Study visits in ESTABLISH-2 
Screening (Day 1)
Tedizolid phosphate 200 mg once-daily IV/oral (6-day course)
Linezolid 600 mg twice-daily IV/oral (10-day course)
EOT Visit (Day 11; +2 days after last dose)
Day 2 Visit
48 Hour to 72 Hour Visit
Day 7 Visit (+2 days)*
PTE Visit (Day 18 to Day 25; 7-14 days after EOT Visit)
Late follow-up Visit (Day 29 to Day 36; 18-25 days after EOT Visit)












18-25 days after EOT visit

SOURCE: Moran, 2014 40
*Certain assessments were performed on day 7, while others were performed between days 7-9, as indicated in the CSR.
EOT: End of therapy; IV: Intravenous; PTE: Post-therapy evaluation

3.4.3 Inclusion and exclusion criteria: Patients were eligible for enrolment into the study if they were aged 12 years or older with an ABSSSI (cellulitis or erysipelas, major cutaneous abscess, or wound infection) that had a minimum lesion area of 75 cm and which was suspected or documented to be associated with a Gram-positive pathogen. Patients also had to have at least one systemic or regional sign of infection (lymphadenopathy, raised body temperature, white blood-cell count ≥10 000/μL or <4000/μL, or >10% immature neutrophils). In patients with abscesses and wounds, erythema, ooedema, or induration had to extend 5cm or further from the margin of the abscess or wound to the edge of the lesion to satisfy eligibility criteria. 

Ineligible patients had received systemic antibiotics with Gram-positive cocci activity in the previous 96 hours or had failed antibiotic treatment for the primary site of the ABSSSI. Patients were also excluded if they presented with uncomplicated SSTIs, infections associated with prosthetic devices or vascular catheter sites, thrombophlebitis, diabetic foot infections, infected burns, chronic skin ulcers, non-clean surgery, known bacteraemia at screening, septic shock or severe sepsis, a history of opportunistic infections with the underlying cause still active, receiving chronic systemic immunosuppressive treatment or antipyretic medicines (other than aspirin ≤200 mg a day), severe renal disease, or severe hepatic disease (40;42).

3.4.4 Interventions: 666 patients were randomly assigned (1:1), via an interactive voice-response system with block randomisation, to receive IV tedizolid phosphate 200 mg once daily for 6 days (n=332) or IV linezolid 600 mg twice daily for 10 days (n=334), with optional oral step-down.

Randomisation was stratified by the geographic region and clinical syndrome (cellulitis/erysipelas, major cutaneous abscess, and wound infection). Patients, study investigators, study staff participating in direct patient care or clinical evaluations, and the study sponsor were masked to treatment assignment. The investigators used a double-dummy design with placebo unique to each active treatment to maintain the blinding.

All patients were administered Dose 1 and Dose 2 of study drug intravenously on day 1 and could then be switched to oral administration if any two of the four following protocol defined criteria were met: no increase in lesion area size, temperature <37.7°C, no local signs or symptoms of the primary ABSSSI site, and improvement of at least one local sign or symptom of primary ABSSSI since previous visit. IV treatment was delivered in a healthcare setting although patients were allowed to take oral tedizolid phosphate at home. Patients could receive intravenous therapy for the entire study duration at the discretion of the investigator, even if switching criteria were met.

The daily dose schedule according to treatment groups is described in Table 16.
[bookmark: _Ref381692748][bookmark: _Toc396058437]Table 16: Daily dosing schedule by treatment group in ESTABLISH-2
	Days
	Route of administration
	Dose
	Tedizolid phosphate group
	Linezolid group

	1
	IV
	Dose 1
	Active tedizolid phosphate + placebo linezolid
	Placebo tedizolid phosphate + active linezolid

	
	IV
	Dose 2
	Placebo linezolid
	Active linezolid

	2-6
	IV/oral
	Dose 1
	Active tedizolid phosphate + placebo linezolid
	Placebo tedizolid phosphate + active linezolid

	
	IV/oral
	Dose 2
	Placebo linezolid
	Active linezolid

	7-10
	IV/oral
	Dose 1
	Placebo tedizolid phosphate + placebo linezolid
	Placebo tedizolid phosphate + active linezolid

	
	IV/oral
	Dose 2
	Placebo linezolid
	Active linezolid


SOURCE: ESTABLISH-2 CSR 42: section 9.4.1.1 Table 9-1 IV: Intravenous
3.4.5 Permitted and disallowed concomitant medications: For wound infections, either aztreonam or metronidazole, or both, could be added for Gram-negative or anaerobic coverage, as deemed appropriate by the study investigator.

Other concomitant systemic antibiotics and topical antibiotics (except those associated with a surgical dressing) applied to the primary lesion were prohibited from 96 hours before the first dose of study drug to the late follow-up (LFU) visit (18–25 days after end of treatment). Incision and drainage of the primary infection site not planned before randomisation was discouraged after day 1 for wounds and abscesses, and after the 48–72 hour visit for cellulitis. Non-steroidal anti-inflammatory drugs (NSAIDs; excluding aspirin ≤200 mg a day) and oral steroids were prohibited between enrolment and 72 hours after first dose, and antipyretic medicines were discouraged during that time unless the patient’s temperature exceeded 38 OC.

3.4.6 Main outcomes measures

· Primary endpoint: The primary outcome of ESTABLISH-2 was the early clinical response at the 48-Hour to 72-Hour Visit in the ITT population. Early clinical response was defined as ≥20% reduction in area of erythema, oedema, and/or induration (length*width) of the primary ABSSSI lesion compared with baseline, and did not involve a fever component (Table 17). This definition was in line with the 2010 FDA ABSSSI guidelines (8). 

The secondary outcomes of ESTABLISH-2 were broadly the same as for ESTABLISH-1 and are summarised in Table 17:
[bookmark: _Ref381692802][bookmark: _Ref394423889][bookmark: _Toc396058438]
[bookmark: _Ref281750106]Table 17: Description of primary and secondary outcome measures in ESTABLISH-2
	Outcome
	Definition

	Primary outcome measure: Early clinical response at 48 Hour to 72 Hour Visit

	Lesion component 
	≥20% reduction in the area of erythema, oedema, and/or induration (length * width) of the primary ABSSSI lesion compared with baseline

	Secondary outcome measures

	Clinical response at the EOT Visit in the ITT population
	Patients were defined as a clinical success at the EOT Visit if they met any of the following criteria:
· Patient is afebrile (<37.7oC oral; Investigator reported) or the fever is attributable to a cause other than the primary skin infection
· Decrease from baseline in the size (area, length, and width) of the primary ABSSSI lesion
· Clinician assessment of tenderness of mild or absent
· No purulent drainage from a wound infection or the purulent drainage is of lesser intensity than at screening
Patient meets any of the following from the first infusion of study drug through the EOT Visit:
· Did not receive any systemic concomitant antibiotic that is potentially effective against the baseline pathogen with the exception of adjunctive aztreonam and/or metronidazole in patients with wound infections
· Did not have a TEAE leading to discontinuation
· No additional treatment of the primary lesion is required
· No unplanned major surgical intervention to the primary lesion
· Did not develop osteomyelitis after baseline
For wounds and abscess: no incision and drainage of the ABSSSI site was performed after Day 1 unless it was planned before randomisation 

	Clinical response at the EOT Visit in the CE-EOT population
	

	Investigator’s assessment of clinical success at the PTE Visit in the ITT population
	Patients were defined as a clinical success if they met the following three criteria:
Resolution or near resolution of most-disease specific signs and symptoms
Absence or near resolution of systemic signs of infection (lymphadenopathy, fever, >10% immature neutrophils, and abnormal WBC count), if present at baseline
No new signs, symptoms, or complications attributable to the ABSSSI so no further antibiotic therapy is required for the treatment of the primary lesion

	Investigator’s assessment of clinical success at the PTE Visit in the CE-PTE population
	

	Investigator’s assessment of clinical response at the 48-Hour to 72-Hour Visit and Day 7 Visits
	48-Hour Visit to 72-Hour Visit:
Improving - improvement in overall clinical status of ABSSSI compatible with continuation of study drug therapy
Stable - signs and symptoms stable, no apparent change in overall clinical status but compatible with continuation of study drug therapy
Day 7 Visit:
Improving - improvement in overall clinical status of ABSSSI compatible with continuation of study drug therapy

	Change from baseline in the pain scores at each time point
	Assessed using VAS and FRS
Patients categorised as absent (no pain with functional limitation or requiring pain management) or present (pain with functional limitation or requiring pain management)


SOURCE: ESTABLISH-2 CSR 42: section 9.5.4.2 Table 9-10, Table 9-4, Table 9-5, and Table 9-6 
ABSSSI: Acute bacterial skin and skin structure infection; CE-PTE: Clinically evaluable at post-therapy evaluation; EOT: End of therapy; FRS: Faces rating scale; ITT: Intent-to-treat; LFU: Late follow-up; PTE: Post-therapy evaluation; TEAE: Treatment-emergent adverse event; VAS: Visual analog scale; WBC: White blood cell

As for ESTABLISH-1, additional outcomes in ESTABLISH-2 included: 
Proportion of patients with sustained clinical success at the LFU Visit (18 days - 25 days after the EOT Visit) after having previously achieved clinical success at the PTE Visit in the CE-PTE population;
Investigator assessment of clinical success by baseline pathogen at the PTE Visit in the MITT population. 

3.4.8	Populations included in primary analysis of primary outcome: For the primary outcome, at the 48 Hour to 72 Hour Visit, patients were defined as responders, non-responders, or indeterminates, according to the objective criteria. The criteria for responders and non-responders are outlined in Table 18. Patients assigned an indeterminate response were considered as non-responders to determine clinical response at the 48-Hour to 72-Hour Visit.
[bookmark: _Ref381692861][bookmark: _Toc396058439]Table 18: Criteria for responders and non-responders at the 48 Hour to 72 Hour Visit in ESTABLISH-2
	Term
	Definition

	Responders
	≥20% reduction in the area of erythema, oedema, and/or induration (length*width) of the primary ABSSSI lesion compared with baseline at the 48-Hour to 72-Hour Visit

	Non-responders
	<20% reduction in the area of the primary ABSSSI lesion compared with baseline at the 48 Hour to 72 Hour Visit
Receipt of any systemic concomitant antibiotic therapy within 72 hours after the first infusion of study drug that is potentially effective against the baseline pathogen with the exception of adjunctive aztreonam and/or metronidazole in patients with wound infections
Death


SOURCE: ESTABLISH-2 CSR 42: section 9.5.4.1 ABSSSI: Acute bacterial skin and skin structure infection

A number of populations were used in ESTABLISH-2 including ITT, MITT, CE-EOT, CE-PTE and safety populations. These populations were defined in the same way as in ESTABLISH-1 (see 
Table 4 for a definition of each population). 

The intent-to-treat (ITT) analysis set (n=666) included all randomised patients. The safety analysis set (n=658) included all patients who were randomised and received at least 1 dose of study drug. 

There were two CE sets. Patients in the CE-EOT analysis set (n=603) completed the 48- to 72-hour and EOT assessments without major protocol violations or receiving treatments that might confound outcomes. Patients in the CE-PTE analysis set (n=570) completed the investigator’s assessment of outcome at the PTE visit without major protocol violations or receipt of treatments that might confound outcomes.

The MITT analysis set (n=399) comprised all patients in the ITT population who had a Gram-positive bacterial pathogen known to cause ABSSSI at baseline. 

3.4.9	Statistical test in primary analysis of primary outcome: The primary efficacy outcome was the percentage of patients with the programmatic determination of the early clinical response of 48 to 72 hours after the first infusion of study drug in the ITT Analysis Set. The NI hypothesis test was to be a 1-sided hypothesis test performed at the 2.5% level of significance. This is based on the lower limit of the 2-sided 95% CI for the observed difference in the early clinical response rate. The primary analysis was based on a CI computed using the method proposed without stratification by Miettinen and Nurminen (48) which corresponds to the p-value approach of the Farrington-Manning test (46). 

3.4.10 Primary hypothesis under investigation and power calculation/sample size: Sample size was calculated with standard methods. With an assumption of an 81% point estimate in both treatment groups for the primary outcome (on the basis of results from a phase 2 dose-ranging study [45]), 90% power, a one-sided α level of 0.025, and a 10% non-inferiority margin, a total sample size of 329 patients in each treatment group was needed. In total, 30% or fewer patients were to be enrolled with cutaneous abscess, and patients from the USA could not represent more than 50% of this group.  The study authors concluded non-inferiority of tedizolid to linezolid if the lower limit of the 95% CI for the difference in the primary endpoint, calculated with the Miettienen and Nurminen (48) method without stratification, was more than –10%. This non-inferiority margin was based on historical data and current guidance from the US FDA (FDA, 2013). Post-hoc exploratory analyses of treatment differences in haematological parameters were done with Fisher’s exact test, with two-sided p-values reported as descriptive statistics. Differences in baseline characteristics between treatment groups were identified with Fisher’s exact test or the Wilcoxon rank sum test. Statistical analyses were undertaken with SAS (version 9.2).

3.4.11 Secondary analyses of primary outcome (if relevant): Not applicable.

3.4.12 Analyses of secondary outcomes: For the secondary endpoints, the number and percentage of patients in each treatment group with a clinical success, clinical failure and indeterminate response based on programmatic clinical response at EOT were to be determined in the ITT and the CE-EOT Analysis Sets (by definition, CE-EOT patients cannot have an indeterminate response). In additional the number and percentage of patients in each treatment group with a clinical success, clinical failure and indeterminate response based on the Investigator’s assessment were to be reported for the ITT and CE-PTE Analysis Sets (by definition, CE-PTE patients cannot have an indeterminate response). Two- sided 95% CIs were constructed for the observed differences in clinical success rate based on clinical response at EOT and the Investigator’s assessment without stratification using the Miettienen and Nurminen method. 

To control for inflation of the overall Type 1 error rate, the hierarchical testing procedure of Westfall and Krishen (49) was used. If NI was declared for the primary outcome, NI was then to be tested for the secondary outcomes in a specified order. If the lower limit of the 95% CI for the difference in the outcome measure is greater than -10%, NI of tedizolid phosphate to linezolid was to be concluded. Only in this case did testing proceed to the next outcome measure.

3.4.13 Patient disposition: A total of 666 patients were randomly assigned to receive either tedizolid phosphate (n=332) or linezolid (n=334). The disposition of all patients enrolled in the study is shown in Figure 4.
[bookmark: _Ref281751556]Figure 4: Disposition and Analysis Sets of Patients in ESTABLISH-2 (Moran, 2014 40)
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3.4.14 Baseline demographics and characteristics: Baseline characteristics and demographics in the ITT population were balanced with no significant differences between treatment groups (see Table 19).
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Table 19: Demographics and baseline characteristics in ESTABLISH-2 (ITT population)
	Characteristic
	Tedizolid phosphate (N=332)

	Linezolid
(N=334)

	Total
(N=666)


	Sex, n (%)

	Female
	107 (32.2)
	120 (35.9)
	227 (34.1)

	Male
	225 (67.8)
	214 (64.1)
	439 (65.9)

	Age, years

	Mean
	45.6
	45.6
	45.6

	SD
	15.79
	15.57
	15.67

	Median
	46.0
	46.0
	46.0

	Min, max
	17, 86
	15, 89
	15, 89

	Age group, n (%)

	<65 years
	289 (87.0)
	301 (90.1)
	590 (88.6)

	≥65 to ≤75 years
	32 (9.6)
	19 (5.7)
	51 (7.7)

	>75 years
	11 (3.3)
	14 (4.2)
	25 (3.8)

	Ethnicity, n (%) 

	Hispanic or Latino
	67 (20.2)
	63 (18.9)
	130 (19.5)

	Not Hispanic or Latino
	265 (79.8)
	271 (81.1)
	536 (80.5)

	Race, n (%)

	White
	285 (85.8)
	282 (84.4)
	567 (85.1)

	Asian
	4 (1.2)
	7 (2.1)
	11 (1.7)

	Black or African American
	38 (11.4)
	37 (11.1)
	75 (11.3)

	Native Hawaiian or other Pacific Islander
	2 (0.6)
	1 (0.3)
	3 (0.5)

	American Indian or Alaskan Native
	3 (0.9)
	4 (1.2)
	7 (1.1)

	Other
	0
	3 (0.9)
	3 (0.5)

	BMI, kg/m2

	Mean
	28.6
	28.7
	28.6

	SD
	7.89
	6.90
	7.41

	Median
	27.0
	27.4
	27.1

	Min, max
	14.23, 69.88
	14.75, 56.24
	14.23, 69.88


SOURCE: ESTABLISH-2 CSR 42: section 11.2.1 Table 11-3 
BMI: Body mass index; ITT: Intent-to-treat; N: Number of patients in population; n: Number of patients in specific category; SD: Standard deviation 
Baseline disease characteristics in ESTABLISH-2 
The most common ABSSSI relevant medical histories, reported in ≥20% of patients in either the tedizolid phosphate or linezolid treatment group, were patient-reported fever (48.5% vs. 46.1%), recent trauma that resulted in primary infection (44.6% vs. 45.8%), current or recent IV drug use (19.9% vs. 22.2%), and previous ABSSSI (21.4% vs. 18.9%). There were no clinically significant differences between the treatment groups in ABSSSI relevant medical histories. 

Summary data related to ABSSSI relevant medical history at baseline in ESTABLISH-2 trial are presented in Table 20.
[bookmark: _Ref381693012][bookmark: _Toc396058443]Table 20: Baseline ABSSSI relevant medical history in ESTABLISH-2 (ITT population)
	Characteristic
	Tedizolid phosphate (N=332)
n (%)
	Linezolid (N=334)
n (%)
	p-value

	Relevant surgical procedure that resulted in primary infection
	5 (1.5)
	3 (0.9)
	0.5042

	Recent trauma that resulted in primary infection
	148 (44.6)
	153 (45.8)
	0.7561

	Current or recent IV drug use
	66 (19.9)
	74 (22.2)
	0.5060

	Diabetes mellitus
	32 (9.6)
	41 (12.3)
	0.3213

	HIV positive 
	8 (2.4)
	7 (2.1)
	0.8009

	Poor living conditions
	15 (4.5)
	18 (5.4)
	0.7216

	Concurrent secondary ABSSSI lesions
	48 (14.5)
	47 (14.1)
	0.9121

	Previous ABSSSI
	71 (21.4)
	63 (18.9)
	0.4402

	Patient-reported fever
	161 (48.5)
	154 (46.1)
	0.5870

	Other relevant diagnosis or procedure
	26 (7.8)
	13 (3.9)
	0.0326


SOURCE: ESTABLISH-2 CSR 42: section 11.2.2 Table 11-5 
ABSSSI: Acute bacterial skin and skin structure infection; HIV: Human immunodeficiency virus; ITT: Intent-to-treat; IV: Intravenous; N: Number of patients in population; n: Number of patients in specific category;
Type and location of infections in ESTABLISH-2: Infection types occurred with similar frequency in both treatment groups. The most common infection of patients enrolled in the study was cellulitis/erysipelas (tedizolid phosphate group: 50.0%; linezolid group: 50.3%), followed by major cutaneous abscess (tedizolid phosphate group: 20.5%; linezolid group: 20.4%) and wound infection (tedizolid phosphate group: 29.5%; linezolid group: 29.3%) (Table 21). 
[bookmark: _Ref379295950][bookmark: _Toc396058444]Table 21: ABSSSI infections in ESTABLISH-2 (ITT population)
	Type of ABSSSI infection
	Tedizolid phosphate (N=332)
n (%)
	Linezolid (N=334)
n (%)

	Cellulitis/erysipelas
	166 (50.0)
	168 (50.3)

	Major cutaneous abscess
	68 (20.5)
	68 (20.4)

	Wound infection:
	98 (29.5)
	98 (29.3)

	Superficial incisional surgical site infection
	5 (1.5)
	3 (0.9)

	Post-traumatic wound
	93 (28.0)
	95 (28.4)


SOURCE: ESTABLISH-2 CSR 42: section 11.2.3.1 Table 11-5 ABSSSI: Acute bacterial skin and skin structure infection; ITT: Intent-to-treat; N: Number of patients in population; n: Number of patients in specific category

The anatomic sites of infection were also similar in the tedizolid phosphate and linezolid treatment groups with the most common locations being leg (37.3% vs. 39.2%), arm (31.0% vs. 31.4%), and hand (9.3% vs. 6.0%). In addition, baseline median surface area of lesion was similar in both the tedizolid phosphate and linezolid treatment groups (231.3 cm2 vs. 238.6 cm2). Median surface area of lesion was balanced between the tedizolid phosphate and linezolid groups for cellulitis/erysipelas (301.0 cm2 vs. 314.3 cm2), major cutaneous abscess (155.1 cm2 vs. 178.8 cm2), and wound infection (265.4 cm2 vs. 219.3 cm2). 

Baseline ABSSSI infecting pathogens in ESTABLISH-2: The majority of the infecting pathogens were Gram-positive aerobes in both the tedizolid phosphate and linezolid groups within the MITT population. In both treatment groups, S. aureus represented slightly over 80% of the pathogens. MRSA was prevalent in 26.9% of cases in the tedizolid phosphate group and 27.7% in the linezolid group (Table 22). This sub-population of patients with MRSA-caused ABSSSI is described in more detail in section 3b).
[bookmark: _Ref381888830][bookmark: _Toc396058445]Table 22: Pathogenic organisms from primary ABSSSI site or blood culture in ESTABLISH-2 (MITT population) 
	Pathogenic organism 
	Tedizolid phosphate (N=197)
n (%)
	Linezolid (N=202)
n (%)

	Gram-positive (aerobes):
	192 (97.5)
	199 (98.5)

	S. aureus
	158 (80.2)
	(167 (82.7)

	MRSA
	53 (26.9)
	56 (27.7)

	MSSA
	105 (53.3)
	111 (55.0)

	PVL S. aureus
	93 (47.2)
	78 (38.6)

	Other Gram-positive (aerobes) 
	55 (27.8)
	58 (28.8)

	Gram-positive (anaerobes)
	7 (3.6)
	5 (2.5)

	Gram-negative organisms (aerobes)
	3 (1.5)
	1 (0.5)

	Gram-negative organisms (anaerobes)
	0
	1 (0.5)


SOURCE: ESTABLISH-2 CSR 42: section 11.2.3.3 Table 11-13 
Note: Patients with the same pathogen isolated from multiple specimens are counted only once for that pathogen. Patients with the same pathogen identified from both the blood and primary ABSSSI cultures are counted only once. Patients with both MRSA and MSSA are counted only once in overall S. aureus row and untyped S. aureus pathogens are only counted in the overall S. aureus row
ABSSSI: Acute bacterial skin and skin structure infection; MITT: Microbiological intent-to-treat; MRSA: Methicillin-resistant S. aureus; MSSA: Methicillin- susceptible S. aureus; PVL: Panton-Valentine Leukocidin; N: Number of patients in population; n: Number of patients in specific category

3.4.15 Results of the primary analysis of the primary outcome: 283 (85%) patients in the tedizolid phosphate group and 276 (83%) in the linezolid group achieved early clinical response (difference 2.6%, 95% CI–3.0 to 8.2), meeting the pre-specified non-inferiority margin and showing non-inferiority of tedizolid phosphate to linezolid (see Table 23).
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Patients were classified as non-responders if they had a reduction of less than 20% in lesion area (n=40 [12%] in the tedizolid phosphate group vs n=41 [12%] in the linezolid group), missing lesion measurements at the 48–72 h visit (n=5 [2%] vs n=14 [4%]), or if they had received concomitant systemic antibiotics (n=7 [2%] vs n=6 [2%]). Missing data did not affect the non-inferiority findings: a tipping point analysis showed that if all patients with missing data in the linezolid group were considered to be responders, and all those in the tedizolid phosphate group with missing data non-responders, non-inferiority was preserved (95% CI –6.9 to 3.7). A multiple imputation analysis further confirmed these results (95% CI –4.7 to 6.3)(40).
[bookmark: _Ref281753660]Table 23: ESTABLISH-2 primary outcome (ITT population)
	Outcome measure 
	Response
	Tedizolid phosphate
n (%)
	Linezolid
n (%)
	Difference
(%)
	95% CI for difference

	Primary outcome

	≥20% decrease from baseline in lesion area at the 48 Hour to 72 Hour Visit (primary endpoint)
	N
	332
	334
	-
	-

	
	Responder
	283 (85.2)
	276 (82.6)
	2.6
	(-3.0, 8.2)

	
	Non-responder or indeterminate
	49 (14.8)
	58 (17.4)
	
	

	
	Non-responder
	44 (13.3)
	44 (13.2)
	
	

	
	Indeterminate
	5 (1.5)
	14 (4.2)
	
	

	No increase from baseline at 48-Hour to 72-Hour Visit in lesion area and length and width, and absence of fever (sensitivity analysis)
	N
	332
	334
	-
	-

	
	Responder
	285 (85.8)
	272 (81.4)
	4.4
	(-1.2, 10.1)

	
	Non-responder or indeterminate
	47 (14.2)
	62 (18.6)
	
	

	
	Non-responder
	33 (9.9)
	45 (13.5)
	
	

	
	Indeterminate
	14 (4.2)
	17 (5.1)
	
	


SOURCE:40; ESTABLISH-2 CSR 42: section 11.4.1.1, Table 11-22; Table 11-26
CI: Confidence interval; ITT: Intent-to-treat; N: Number of patients in population; n: Number of patients in specific category

3.4.16 Results of secondary analyses of primary outcome (if relevant) and analyses of secondary outcomes: Results for secondary endpoints in the ITT population were consistent with those for the primary outcome (Table 24), as were microbiological responses in the microbiological intention to-treat population]. The study authors also noted high concordance (>80%) between treatment outcomes recorded at the 48–72 hour and PTE visits (40).

Of patients who were clinically evaluable at the EOT visit, 272 (90%) of 304 in the tedizolid phosphate group and 280 (94%) of 299 in the linezolid group had a programmatically determined clinical response (difference -4.1%, 95% CI -8.8% to 0.3%) and 281 (95%) of 296 versus 284 (97%) of 293 patients had investigator-assessed clinical success (–2.0%, –5.7% to 1.2%) at that timepoint (see Table 24). 

On the EMA-preferred endpoint of TOC, in the ITT analysis set 292 (88.0%) patients in the tedizolid phosphate group and 293 (87.7%) in the linezolid group had investigator-assessed clinical success at the PTE visit (difference 0.3, 95% CI -4.8, 5.3). Of patients who were clinically evaluable at the PTE visit, 268 (92%) of 290 in the tedizolid phosphate group and 269 (96%) of 280 in the linezolid group had investigator-assessed clinical success (difference -3.7%, 95% -7.7 to 0.2) (Table 24). Microbiological responses in microbiologically evaluable patients showed a similar pattern to those in the microbiological intention-to-treat population (Table 27). 
[bookmark: _Ref281754003]Table 24: Key secondary outcomes – ESTABLISH 2
	Outcome measure 
	Response
	Tedizolid phosphate
n (%)
	Linezolid
n (%)
	Difference
(%)
	95% CI for difference

	Clinical response at the EOT Visit (ITT population) 
	N
	332
	334
	-
	-

	
	Clinical success
	289 (87.0)
	294 (88.0)
	-1.0
	(-6.1, 4.1)

	
	Clinical failure or indeterminate
	43 (13.0)
	40 (12.0)
	
	

	Clinical response at the EOT Visit (CE-EOT population)
	N
	304
	299 
	-
	-

	
	Clinical success
	272 (89.5)
	280 (93.6)
	-4.1
	(-8.8, 0.3)

	
	Clinical failure
	32 (10.5)
	19 (6.4)
	
	

	Investigator’s assessment of clinical success at the PTE Visit (ITT population)
	N
	332
	334
	-
	-

	
	Clinical success
	292 (88.0)
	293 (87.7)
	0.3
	(-4.8, 5.3)

	
	Clinical failure or indeterminate
	40 (12.0)
	41 (12.3)
	
	

	Investigator’s assessment of clinical success at the PTE Visit (CE-PTE population)
	N
	290
	280
	-
	-

	
	Clinical success
	268 (92.4)
	269 (96.1)
	-3.7
	(-7.7, 0.2)

	
	Clinical failure
	22 (7.6)
	11 (3.9)
	
	


[bookmark: _Toc396058398]SOURCE:40; ESTABLISH-2 CSR 42. CE-PTE: Clinically evaluable post therapy evaluation; CI: Confidence interval; PTE: Post therapy evaluation
3.4.17 Concordance of early clinical response assessments and those at the EOT and PTE Visits 
There was a high concordance between early clinical response assessments and those at the EOT (>80%) and PTE Visits for the tedizolid phosphate group, which was similar compared with the linezolid group (Table 25). Data from ESTABLISH-2 also demonstrated good concordance between early clinical response and the clinical response at the PTE for both the tedizolid phosphate and linezolid groups. 

[bookmark: _Ref281820662]Table 25: ESTABLISH-2 Concordance and discordance of early clinical response at the 48-Hour to 72-Hour Visit and investigator assessment of clinical response at the EOT Visit (ITT population)

	Outcome measure 
	Response
	Tedizolid phosphate
n (%)
	Linezolid
n (%)

	Sustained clinical success at the EOT Visit
	
	Early responder
	Early non-responder
	Early indeterminate
	Early responder
	Early non-responder
	Early indeterminate

	
	Clinical success
	269/332 (81.0)
	34/332 (10.2)
	1/332 (0.3) 
	266/334 (79.6)
	33/334 (9.9)
	2/334 (0.6)

	
	Clinical failure
	6/332 (1.8)
	8/332 (2.4) 
	1/332 (0.3) 
	1/334 (0.3) 
	8/334 (2.4) 
	0

	
	Indeterminate
	8/332 (2.4) 
	2/332 (0.6)
	3/332 (0.9)
	9/334 (2.7)
	3/334 (0.9)
	12/334 (3.6)


SOURCE: ESTABLISH-2 CSR 42: section 11.4.1.3, Table 11-43 Data in bold and italicised indicate concordance data ITT: Intent-to-treat; EOT: End of Therapy; n: Number of patients in specific category

3.4.18 Sustained clinical success at the LFU Visit (18 days - 25 days after the EOT Visit) 
The proportion of patients achieving sustained clinical success at the LFU Visit after having previously achieved Investigator-assessed clinical success at the PTE Visit in the CE-PTE population was comparable between the tedizolid phosphate and with linezolid groups (Table 26).
[bookmark: _Ref281820968]Table 26: ESTABLISH-2 Proportion of patients with sustained clinical success at the LFU Visit (CE-PTE population)
	Outcome measure 
	Response
	Tedizolid phosphate
n (%)
	Linezolid
n (%)
	Difference
(%)
	95% CI for difference

	ESTABLISH-2

	Sustained clinical success at the LFU Visit
	N
	268
	269
	-
	-

	
	Sustained success
	262 (97.8)
	266 (98.9)
	-1.1
	-0.7, 3.4

	
	Clinical failure/relapse 
	4 (1.5)
	1 (0.4)
	
	

	
	Indeterminate
	2 (0.7)
	2 (0.7)
	
	


SOURCE: ESTABLISH-2 CSR 42: section 11.4.1.2.3.  CE-PTE: Clinically evaluable at post therapy evaluation; CI: Confidence interval; LFU: Late follow-up; N: Number of patients with clinical success at PTE Visit; NE: Not estimable; NR: Not reported; n: Number of patients in specific category
3.4.19 Microbiological response of Gram-positive pathogens including MRSA 
The proportion of patients achieving favourable microbiological response to Gram-positive infections, including S. aureus and MRSA infections, at the PTE Visit in the MITT population, was comparable between the tedizolid phosphate and linezolid groups (Table 27). 
[bookmark: _Ref382561158]Table 27: ESTABLISH-2 Proportion of patients with favourable microbiological response at the PTE Visit by selected baseline pathogen (MITT population)
	Per-pathogen microbiological response at the PTE Visit
	Response
	Tedizolid phosphate
n (%)
	Linezolid
n (%)

	Gram-positive organisms (aerobes)
	N
	192
	199

	
	Favourable
	168 (87.5)
	177 (88.9)

	
	Unfavourable or indeterminate
	24 (12.5)
	22 (11.1)

	S. aureus
	N
	158
	167

	
	Favourable
	143 (90.5)
	147 (88.0)

	
	Unfavourable or indeterminate
	15 (9.5)
	20 (12.0)

	MRSA
	N
	53
	56

	
	Favourable
	43 (81.1)
	43 (76.8)

	
	Unfavourable or indeterminate
	10 (18.9)
	13 (23.2)

	MSSA
	N
	105
	111

	
	Favourable
	100 (95.2)
	104 (93.7)

	
	Unfavourable or indeterminate
	5 (4.8)
	7 (6.3)


SOURCE: ESTABLISH-2 CSR 42: section 11.4.1.4.4, Table 11-59.  MITT: Microbiological intent-to-treat; MSSA: Methicillin-susceptible S. aureus; MRSA: Methicillin-resistant S. aureus; PTE: Post-therapy evaluation; N: Number of patients in population; n: Number of patients in specific category

3.4.20 Conclusions and relevance: Six days of tedizolid phosphate demonstrated similar efficacy to 10 days of linezolid on all primary and secondary efficacy endpoints in the overall population and CE-PTE population, successfully limiting antibiotic exposure without compromising clinical outcomes. The study authors concluded that tedizolid phosphate could become a useful option for the treatment of ABSSSIs in the hospital and outpatient settings (40).

3.5 Pooled Phase 3 data 
[bookmark: _Toc396058826]The data and results from ESTABLISH-1 and ESTABLISH-2 were pooled in a pre-specified analysis. This section 3.5 presents the efficacy outcomes and results from the pooled Phase 3 studies only.
The baseline demographics and characteristics of patients with ABSSSI, baseline disease characteristics and types and location of infections in the pooled analysis are summarised in Appendix B.
[bookmark: _Ref382408911]3.5.1 Primary outcome – pooled analysis
In each ESTABLISH-1 and ESTABLISH-2 trial analysis, the proportion of patients achieving early clinical response (when defined as ≥20% decrease in baseline lesion area at the 48-Hour to 72-Hour Visit, FDA definition) was comparable between tedizolid phosphate and linezolid. Similar results were seen in the pooled analysis of ESTABLISH-1 and ESTABLISH-2 (see Table 28 and Figure 5). 
[bookmark: _Ref281822084][bookmark: _Ref382402707][bookmark: _Toc396058368]Table 28: Proportion of clinical responders, defined as ≥20% decrease in lesion area - pooled analysis of Phase 3 trial data (ITT population)
	Outcome measure 
	Response
	Tedizolid phosphate
n (%)
	Linezolid
n (%)
	Difference
(%)
	95% CI for difference

	≥20% decrease from baseline in lesion area at the 48 Hour to 72 Hour Visit
	N
	664
	669
	-
	-

	
	Responder
	542 (81.6)
	531 (79.4)
	2.2
	(-2.0, 6.5)

	
	Non-responder or indeterminate
	122 (18.4)
	138 (20.6)
	
	

	
	Non-responder
	94 (14.2)
	100 (14.9)
	
	

	
	Indeterminate
	28 (4.2)
	38 (5.7)
	
	

	
	Clinical failure or indeterminate
	88 (13.3)
	88 (13.2)
	
	


SOURCE: ISE 2013 51: section 3.6, Table 63 CI: Confidence interval; ITT: Intent-to-treat; N: Number of patients in population; n: Number of patients in specific category
[bookmark: _Ref283279605]Figure 5: Proportion of clinical responders, defined as ≥20% decrease in lesion area, at the 48-Hour to 72 Hour Visit in the pooled analysis of Phase 3 trial data (ITT population)
SOURCE: ISE 2013 51: section 3.6, Table 63 ITT: Intent-to-treat; N: Number of patients in population

3.5.2 Secondary outcomes – pooled analysis 

In common with ESTABLISH-1 and ESTABLISH-2 independently, the pooled analysis demonstrated that tedizolid phosphate was comparable to linezolid with regards to the proportion of patients achieving the following outcomes:

· Clinical success at the EOT Visit in the ITT population (Table 29 and figure 6);
· Clinical success at the EOT Visit in the CE-EOT population (Table 29 and Figure 6);
· Clinical success at the PTE Visit (EMA-preferred outcome) in the ITT population (Table 29 and Figure 7);
· Clinical success at the PTE Visit (EMA-preferred outcome) in the CE-PTE population (Table 29 and Figure 7);
· Sustained clinical success at the LFU Visit (18 days - 25 days after the EOT Visit (Table 29).
[bookmark: _Ref382405844][bookmark: _Toc396058454]Table 29: Secondary outcomes - pooled analysis of Phase 3 trial data
	Outcome measure 
	Response
	Tedizolid phosphate
n (%)
	Linezolid
n (%)
	Difference
(%)
	95% CI for difference

	Clinical success at the EOT Visit (ITT population)
	N
	664
	669
	-
	-

	
	Clinical success
	578 (87.0)
	588 (87.9)
	-0.8
	(-4.4, 2.7)

	
	Clinical failure or indeterminate
	86 (13.0)
	81 (12.1)
	
	

	Clinical success at the EOT Visit (CE-EOT population)
	N
	597
	598
	-
	-

	
	Clinical success
	547 (91.6)
	562 (94.0)
	-2.4
	(-5.4, 0.6)

	
	Clinical failure or indeterminate
	50 (8.4)
	36 (6.0)
	
	

	Investigator's assessment of clinical response at the PTE Visit (ITT population)
	N
	664
	669
	-
	-

	
	Clinical success
	576 (86.7)
	581 (86.8)
	-0.1
	(-3.8, 3.6)

	
	Clinical failure or indeterminate
	88 (13.3)
	88 (13.2)
	
	

	Investigator's assessment of clinical response at the PTE Visit (CE-PTE population)
	N
	569
	560
	-
	-

	
	Clinical success
	532 (93.5)
	536 (95.7)
	-2.2
	(-5.0, 0.5)

	
	Clinical failure
	37 (6.5)
	24 (4.3)
	
	

	Sustained clinical success at the LFU Visit
	N
	532 
	536 
	
	

	
	Sustained clinical success
	521 (97.9) 
	533 (99.4) 
	-
	-

	
	Clinical failure/relapse 
	7 (1.3) 
	1 (0.2) 
	NR
	NR

	
	Indeterminate
	4 (0.8) 
	2 (0.4) 
	
	


[bookmark: _Ref281823012][bookmark: _Toc396058373]SOURCE: ISE 2013 51: section 3.7.1 Table 79; section 3.7.2, Table 80; section 3.8.1.4 Table 97; CI: Confidence interval; EOT: End of therapy; ITT: Intent-to-treat; N: Number of patients in populatio; n: Numberof patients in specific category



Figure 6: Proportion of patients with clinical success at the EOT Visit in the pooled analysis of Phase 3 trial data (ITT and CE-EOT populations)

[bookmark: _Ref382412171][bookmark: _Ref281823683][bookmark: _Toc396058376]SOURCE: ISE 2013 51: section 3.7.2, Table 80 Note: ITT population: tedizolid phosphate N=664, linezolid N=669; CE-EOT population: tedizolid phosphate N=597, linezolid N=598 CE-EOT: Clinically evaluable at end of therapy; EOT: End of therapy; ITT: Intent-to-treat; N: Number of patients in population

[bookmark: _Ref284425219]Figure 7: Proportion of patients with clinical success at the PTE Visit in the pooled analysis of Phase 3 trial data (ITT and CE-PTE populations)

SOURCE: ISE 2013 51: section 3.7.1, Table 79 Note: ITT population: tedizolid phosphate N=664, linezolid N=669; CE-PTE population: tedizolid phosphate N=569, linezolid N=560 CE-PTE: Clinically evaluable at post therapy evaluation; PTE: Post therapy evaluation; ITT: Intent-to-treat; N: Number of patients in the population
3.5.3 Concordance between early clinical assessments and later timepoints – pooled analysis
In common with ESTABLISH-1 and ESTABLISH-2 independently, analysis of the pooled trial data indicates good concordance at the EOT and PTE Visits in the ITT population ( Table 30).
 
[bookmark: _Ref281824251]
Table 30: Concordance and discordance of early clinical response at the 48-Hour to 72-Hour Visit and investigator assessment of clinical response at the EOT and PTE Visits – pooled analysis (ITT population)
	Outcome measure 
	Response
	Tedizolid phosphate
n (%)
	Linezolid
n (%)

	Sustained clinical success at the EOT Visit
	
	Early responder
	Early non-responder
	Early indeterminate
	Early responder
	Early non-responder
	Early indeterminate

	
	Clinical success
	516/664 (77.7)
	74/664 (11.1)
	9/664 (1.4) 
	510/669 (76.2)
	79/669 (11.8)
	10/669 (1.5)

	
	Clinical failure
	9/664 (1.4) 
	16/664 (2.4)
	2/664 (0.3) 
	5/669 (0.7)
	15/669 (2.2)
	1/669 (0.1)

	
	Indeterminate
	17/664 (2.6)
	5/664 (0.8)
	18/664 (2.7)
	16/669 (2.4)
	6/669 (0.9)
	27/669 (4.0)

	Sustained clinical success at the PTE Visit
	
	Early responder
	Early non-responder
	Early indeterminate
	Early responder
	Early non-responder
	Early indeterminate

	
	Clinical success
	497/664 (74.8)
	71/664 (10.7)
	8/664 (1.2) 
	496/669 (74.1)
	75/669 (11.2) 
	10/669 (1.5)

	
	Clinical failure
	17/664 (2.6)
	18/664 (2.7)
	2/664 (0.3)
	7/669 (1.0) 
	17/669 (2.5)
	1/669 (0.1) 

	
	Indeterminate
	28/664 (4.2) 
	5/664 (0.8) 
	18/664 (2.7)
	28/669 (4.2)
	8/669 (1.2)
	27/669 (4.0)


SOURCE: ISE 2013 51: section 5.3.5.3, Table 86 Data in bold and italicized indicate concordance data ITT: Intent-to-treat; EOT: End of Therapy; n: Number of patients in specific category
3.5.4 Microbiological response of Gram-positive pathogens including MRSA 
ESTABLISH-1 and ESTABLISH-2 both demonstrated that tedizolid phosphate was comparable with linezolid with regards to the proportion of patients achieving favourable microbiological response to Gram-positive infections, including S. aureus and MRSA infections, at the PTE Visit in the MITT population. Similar results were seen in the pooled analysis (Table 31 and Figure 8).
[bookmark: _Ref281825085]Table 31: Proportion of patients with favourable microbiological response at the PTE Visit by selected baseline pathogen in the pooled analysis of Phase 3 trial data (MITT population)
	Per-pathogen microbiological response at the PTE Visit
	Response
	Tedizolid phosphate
n (%)
	Linezolid
n (%)

	S. aureus
	N
	329
	342

	
	Favourable
	292 (88.8)
	304 (88.9)

	
	Unfavourable or indeterminate
	37 (11.2)
	38 (11.1)

	MRSA
	N
	141
	146

	
	Favourable
	119 (84.4)
	120 (82.2)

	
	Unfavourable or indeterminate
	22 (15.6)
	26 (17.8)

	MSSA
	N
	188
	198

	
	Favourable
	173 (92.0)
	186 (93.9)

	
	Unfavourable or indeterminate
	15 (8.0)
	12 (6.1)


SOURCE: ISE 2013 51: section 3.10.1.1, Table 115 MITT: Microbiological intent-to-treat; MSSA: Methicillin-susceptible S. aureus; MRSA: Methicillin-resistant S. aureus; PTE: Post-therapy evaluation; N: Number of patients in population; n: Number of patients in specific category
[bookmark: _Ref281825330]Figure 8: Proportion of patients with favourable microbiological response for S. aureus and MRSA at the PTE Visit in the pooled analysis of Phase 3 trial data (MITT population)
SOURCE: ISE 2013 51: section 3.10.1.1, Table 115 Note: S. aureus: tedizolid phosphate N=329, linezolid N=342; MRSA: tedizolid phosphate N=141, linezolid N=146. MITT: Microbiological intent-to-treat; MRSA: Methicillin-resistant S. aureus; PTE: Post-therapy evaluation; N: Number of patients in population.


b) If the clinical and / or economic case is based on only part of the marketing authorisation (selective by indication), or requests SMC to consider the use of the medicine in a specific population of patients narrower than that covered by the marketing authorisation, the clinical evidence base to support the use of the product in that population should be described. 
[bookmark: _Toc396058834][bookmark: _Ref384386726][bookmark: _Ref382568782]As stated in sections 1b) and 2 above, the manufacturer requests that the SMC considers the use of tedizolid phosphate in the sub-population of ABSSSI patients with infections caused by MRSA, and in the clinical situation where linezolid would typically be used. In this section 3b), the manufacturer presents the clinical evidence for the MRSA sub-population from the Phase 3 studies, ESTABLISH-1 and ESTABLISH-2.
MRSA Sub-Population
In both ESTABLISH-1 and ESTABLISH-2, the majority of the infecting pathogens were Gram-positive aerobes in both the tedizolid phosphate and linezolid groups within the MITT population. In both treatment groups, S. aureus represented over 80% of the pathogens. In ESTABLISH-1, MRSA was prevalent in 42.1% of cases in the tedizolid phosphate group and 43.1% in the linezolid group at baseline (Table 10). In ESTABLISH-2, MRSA was prevalent in 26.9% of cases in the tedizolid phosphate group and 27.7% in the linezolid group at baseline (Table 22). 

The following sub-population analyses present data on the efficacy of tedizolid phosphate compared with linezolid in patients with MRSA ABSSSI in relation to the following endpoints:

(i) Early clinical response, defined as ≥20% decrease from baseline in lesion area, at the 48-Hour to 72-Hour Visit (MITT population) (FDA recommended outcome);
(ii) Sustained clinical response at the EOT Visit (MITT and CE-EOT population); 
(iii) Investigator-assessed clinical success at the PTE Visit (MITT population) (EMA-recommended outcome equivalent to “test of cure” visit); 
(iv) Sustained response at LFU Visit in patients with clinical success at the PTE Visit (CE-PTE population). 
(i) Early clinical response (MITT population)
Results from the pooled analysis of Phase 3 trials demonstrated that the proportion of patients with MRSA infections achieving early clinical response was comparable between tedizolid phosphate and linezolid (Table 32 and Figure 9). 
[bookmark: _Ref281834320][bookmark: _Toc396058462]Table 32: Proportion of patients with MRSA infections classified as clinical responders, defined as ≥20% decrease in lesion area, at the 48-Hour to 72-Hour Visit in the analysis of pooled Phase 3 trial data (MITT population)
	Outcome measure 
	Response
	Tedizolid phosphate
(N=141)
n (%)
	Linezolid
(N=146)
n (%)
	Difference
(%)
	95% CI for difference

	Pooled ESTABLISH-1 and ESTABLISH-2

	≥20% decrease from baseline in lesion area at the 48 Hour to 72 Hour Visit
	Responder
	114 (80.9)
	111 (76.0)
	4.9 
	-4.8, 14.4

	
	Non-responder
	16 (11.3)
	21 (14.4)
	
	

	
	Indeterminate
	11 (7.8)
	14 (9.6)
	
	


SOURCE: ISE 51: MRSA section 3.6.2, Table 78 CI: Confidence interval; MITT: Microbiological intent-to-treat; MRSA: Methicillin-resistant S. aureus; N: Number of patients in population; n: Number of patients in specific category
[bookmark: _Ref281834376][bookmark: _Toc396058380]Figure 9: Proportion of patients with MRSA infections classified as clinical responders, defined as ≥20% decrease in lesion area, at the 48-Hour to 72-Hour Visit in the pooled analysis of Phase 3 trial data (MITT population)

SOURCE: ISE 51: MRSA section 3.6.2, Table 78 48
MITT: Microbiological intent-to-treat; MRSA: Methicillin-resistant S. aureus; N: Number of patients in population
(ii) [bookmark: _Ref384310861]Sustained clinical response at the EOT Visit 
In the pooled analysis, the proportion of patients with MRSA in the tedizolid phosphate group achieving sustained clinical response at the EOT Visit was comparable with the linezolid group in both the MITT (Table 33 and Figure 10) and the CE-EOT (Table 34 and Figure 10) populations.
[bookmark: _Ref281762519][bookmark: _Toc396058463]Table 33: Proportion of patients with MRSA infections classified as clinical success at the EOT Visit in the pooled analysis of Phase 3 trial data (MITT population)
	Outcome measure 
	Response
	Tedizolid phosphate
(N=141)
n (%)
	Linezolid
(N=146)
n (%)
	Difference
(%)
	95% CI for difference

	Pooled ESTABLISH-1 and ESTABLISH-2

	Clinical success at the EOT Visit
	Clinical success
	119 (84.4)
	123 (84.2)
	0.1 
	-8.5, 8.6

	
	Clinical failure
	13 (9.2)
	7 (4.8)
	
	

	
	Indeterminate
	9 (6.4)
	16 (11.0)
	
	


SOURCE: ISE 51 MRSA Table 1 CI: Confidence interval; EOT: End of therapy; MITT: Microbiological intent-to-treat; MRSA: Methicillin-resistant S. aureus; N: Number of patients in population; n: Number of patients in specific category
[bookmark: _Ref384299322][bookmark: _Toc396058464]Table 34: Proportion of patients with MRSA infections classified as clinical success at the EOT Visit in the pooled analysis of Phase 3 trial data (CE-EOT population)
	Outcome measure 
	Response
	Tedizolid phosphate
(N=121)
n (%)
	Linezolid
(N=125)
n (%)
	Difference
(%)
	95% CI for difference

	Pooled ESTABLISH-1 and ESTABLISH-2

	Clinical success at the EOT Visit
	Clinical success
	109 (90.1)
	119 (95.2)
	-5.0 
	(-12.4, 1.6)

	
	Clinical failure/indeterminate
	12 (9.9)
	6 (4.8)
	
	


SOURCE: ISE 51 MRSA Table 1 CE-EOT: Clinically evaluable end of therapy; CI: Confidence interval; EOT: End of therapy; MRSA: Methicillin-resistant S. aureus; N: Number of patients in population; n: Number of patients in specific category
[bookmark: _Ref384299292][bookmark: _Toc396058381]Figure 10: Proportion of patients with MRSA infections classified as clinical success at the EOT Visit in the pooled analysis of Phase 3 trial data (MITT and CE-EOT populations)
[bookmark: _Ref384310867]SOURCE: ISE 51 MRSA Table 1 Note: MITT population: tedizolid phosphate N=141, linezolid N=146; CE-EOT population: tedizolid phosphate N=121, linezolid N=125 CE-EOT: Clinically evaluable end of therapy; CI: Confidence interval; EOT: End of therapy; MITT: Microbiological intent-to-treat; MRSA: Methicillin-resistant S. aureus; N: Number of patients in population
(iii) [bookmark: _Ref384394211]Investigator-assessed clinical success at the PTE Visit 
In the pooled analysis, the proportion of patients with MRSA infections achieving clinical success at the PTE Visit in the MITT population was comparable between tedizolid phosphate and linezolid (Table 35 and Figure 11). 
[bookmark: _Ref382561286][bookmark: _Toc396058465]
[bookmark: _Ref281834551]Table 35: Proportion of patients achieving clinical success against MRSA at the PTE Visit in the pooled analysis of Phase 3 trial data (MITT population)
	Baseline pathogen
	Response
	Tedizolid phosphate
n (%)
	Linezolid
n (%)

	Pooled ESTABLISH-1 and ESTABLISH-2

	MRSA
	N
	141
	146

	
	Clinical success
	118 (83.7)
	119 (81.5)


[bookmark: _Ref384304856][bookmark: _Toc396058382]SOURCE: ISE 51 MRSA. ABSSSI: Acute bacterial skin and skin structure infection; MITT: Microbiological intent-to-treat; MRSA: Methicillin-resistant S. aureus; n: number of patients in the specific category; 
[bookmark: _Ref281763072]Figure 11: Proportion of patients achieving clinical success against MRSA at the PTE Visit in the pooled analysis of Phase 3 trial data (MITT population)
SOURCE: ISE 51 MRSA Table 1 MITT: Microbiological intent-to-treat; MRSA: Methicillin-resistant S. aureus; PTE: Post-therapy evaluation; N: Number of patients in population

(iv) Sustained clinical success at the LFU Visit (18-25 days after the EOT Visit)

In the pooled analysis, tedizolid phosphate achieved sustained clinical success in patients at the LFU Visit (after having previously achieved clinical success at the PTE Visit in the CE-PTE population), which was comparable with linezolid (tedizolid phosphate: 96.4%, linezolid: 100.0%; treatment difference -3.6%; 95% CI: -8.9 to ‑0.2) (Table 36). Sustained clinical success at the LFU Visit was defined as investigator’s assessment of no new signs or symptoms of primary ABSSSI after PTE Visit. 
[bookmark: _Ref384394366][bookmark: _Toc396058466]Table 36: Proportion of patients with MRSA infections with sustained clinical success at the LFU Visit in the pooled analysis of Phase 3 trial data (CE-PTE population)
	Outcome measure 
	Response
	Tedizolid phosphate
(N=112)
n (%)
	Linezolid
(N=113)
n (%)
	Difference
(%)
	95% CI for difference

	Pooled ESTABLISH-1 and ESTABLISH-2

	Sustained clinical success at the LFU Visit
	Sustained clinical success
	108 (96.4)
	113 (100.0)
	-3.6 
	(-8.9, -0.2)

	
	Clinical failure/relapse
	3 (2.7)
	0
	
	

	
	Indeterminate
	1 (0.9)
	0
	
	


SOURCE: ISE 51 MRSA Table 1 CE-PTE: Clinically evaluable at post therapy evaluation; CI: Confidence interval; LFU: Late follow-up; MRSA: Methicillin-resistant S. aureus; N: Number of patients in population; n: Number of patients in specific category


c) Provide details of ongoing studies or updated analyses of studies described previously, which would provide additional evidence within the next 6 to 12 months for the medicine in the indication(s) under review

So far as the manufacturer is aware, no additional data, results or analyses of existing studies are expected to provide additional evidence for the use of tedizolid phosphate within this indication and clinical setting within the next 6 to 12 months.


[bookmark: Comparative_Safety]4.	Comparative Safety

Summary of comparative safety
Tedizolid phosphate is generally well tolerated by patients with low potential for clinically significant drug-drug interactions
In the pooled analysis of safety data from the Phase 3 trials, the total number and proportion of treatment emergent adverse events (TEAEs) reported in the tedizolid phosphate group were comparable with the linezolid group based (22.4% vs. 27.9%) 
The majority of TEAEs were mild or moderate in severity with few treatment limiting adverse events leading to discontinuation of therapy
The most common adverse events in the pooled analysis, which occurred in fewer tedizolid phosphate patients compared with linezolid, were nausea (8.2% vs. 12.2%), diarrhoea (3.9% vs. 5.3%), and vomiting (2.9% vs. 5.6%) 
The incidence of medicine-related severe TEAEs and SAEs were low (incidence <2%) and comparable between the tedizolid phosphate group and linezolid group in the pooled analysis 
A lower incidence of abnormally low platelet and neutrophil counts and gastrointestinal side effects were observed with tedizolid phosphate compared with linezolid
In the pooled analysis: 
A lower proportion of patients receiving tedizolid phosphate experienced gastrointestinal adverse events compared with linezolid (16.0% vs. 23.0%)
Tedizolid phosphate has a lower incidence of myelosuppression compared with linezolid and was associated with lower levels of abnormal post-baseline platelet values compared with linezolid 
Fewer tedizolid phosphate-treated patients compared with linezolid-treated patients reported post-baseline platelet values that were below the LLN (6.4% vs. 12.6%) or substantially abnormal (2.1% vs. 4.5%)
No risk of nephrotoxicity - an observed side effect with vancomycin treatment - associated with tedizolid phosphate has been observed in any of the studies
A low proportion of tedizolid phosphate and linezolid-treated patients reported substantially abnormal serum creatinine (0.2% vs. 0.5%) and blood urea nitrogen (0% vs. 0.3%) values in the pooled analysis 
Tedizolid phosphate is a monoamine oxidase inhibitor (MAOI) in vitro but does not appear to increase the risk for central nervous system (CNS) reactions in vivo

a) Provide details of studies, which provide evidence of the clinical adverse effects with the medicine in the indication(s) under review relative to active comparator(s) used in clinical practice. The most relevant are active-controlled studies. However, if active-controlled studies are not available, details of placebo-controlled or uncontrolled studies should be included. 

i) For studies primarily designed to investigate differences between the medicine under review and a placebo- or active-comparator in a safety outcome as the primary endpoint, provide complete details of the study, as described above in section three. 

Not applicable.

ii) For active-controlled studies, which primarily assessed an efficacy outcome, provide details of any analyses, indicating significant differences in adverse event rates between the medicine under review and an active comparator.

4.1 Overview of tedizolid phosphate safety data
The safety of tedizolid phosphate has been evaluated in a total of 1,485 subjects receiving at least one dose of tedizolid phosphate administered either orally or intravenously in the Phase 1, 2 and 3 studies. The primary safety database is the Phase 3 clinical studies (ESTABLISH-1 and ESTABLISH-2) in which 662 subjects received 200 mg tedizolid phosphate once daily orally and/or intravenously (331/662 patients) for a maximum of 6 days. 

Approximately 22.4% of patients treated with tedizolid phosphate in Phase 3 clinical studies (n= 662) experienced at least one treatment-emergent adverse event (TEAE)(1). The total number of TEAEs reported in the tedizolid phosphate group was comparable with the linezolid group based on the pooled analysis of safety data from the Phase 3 trials (22.4% vs. 27.9%)(1); further, the majority of these were mild or moderate in severity. The most frequently reported adverse reactions occurring in patients receiving tedizolid phosphate in the pooled controlled Phase 3 clinical studies were nausea (6.9%), headache (3.5%), diarrhoea (3.2%) and vomiting (2.3%), and were generally mild to moderate in severity (1). 

The incidence of medicine-related severe TEAEs and serious adverse events (SAEs) were low (incidence <2%) and comparable between the tedizolid phosphate group and linezolid group in the pooled analysis of safety data from the Phase 3 studies. No serious adverse events were considered related to tedizolid phosphate (1) and no deaths in ESTABLISH-1 and ESTABLISH-2 were related to the study medicine.

4.2 Comparative safety data 
In ESTABLISH-1, 331/332 patients who were enrolled in the tedizolid phosphate group and all 335 patients in the linezolid group were included in the Safety Population (41). In ESTABLISH-2, 331/332 patients enrolled in the tedizolid phosphate group and 327/334 patients in the linezolid group were included in the Safety Population (42).

Data are available for the two studies individually, as well as pooled Phase 3 data. The pooled data are presented here in section 4, and formed the basis of the SmPC comments above. The safety data for the individual studies, ESTABLISH-1 and ESTABLISH-2, are presented in Appendix C.

Overall, in both studies, oral tedizolid phosphate was well tolerated by patients, with the majority of TEAEs experienced being mild or moderate in severity. Further, there was a lower incidence of gastrointestinal AEs, including nausea and vomiting, in the tedizolid phosphate group compared with linezolid group. 

[bookmark: _Ref382557432][bookmark: _Toc396058839]Overall, tedizolid phosphate exhibited a well-tolerated safety profile in the pooled analysis of safety data from the Phase 3 trials. The pooled analysis of safety data from the Phase 3 trials further supports the results demonstrated in the individual ESTABLISH-1 and ESTABLISH-2 trials and shows that tedizolid phosphate is well tolerated with a lower incidence of gastrointestinal AEs and fewer patients experiencing reduced platelet counts compared with linezolid.
Overview of adverse events	
In the pooled analysis, 43% of patients overall reported at least one TEAE, the majority of which were mild (only 2% were severe) with few leading to discontinuation in either treatment arm (tedizolid phosphate 0.5%, linezolid 0.9%)(52).

The proportion of patients who experienced a TEAE was comparable between the tedizolid phosphate and linezolid treatment groups (42.7% vs. 43.2%) (Table 37)(52). Further, the proportion of patients who experienced a TEAE considered to be related to the study medicine was 22.4% for patients treated with tedizolid phosphate and 27.9% for patients treated with linezolid (Table 37 and Figure 12 It should also be noted that across both trials, no SAEs were classified as related to tedizolid phosphate (Table 37).
[bookmark: _Ref281834901][bookmark: _Toc396058481][bookmark: _Ref281834835][bookmark: _Toc396058387]Table 37: Overview of AEs in the pooled analysis of safety data 
	Category
	Tedizolid phosphate
(N=662)
n (%)
	Linezolid
(N=662)
n (%)

	All AEs

	AEs
	287 (43.4) 
	286 (43.2) 

	TEAEs
	283 (42.7) 
	286 (43.2) 

	Severe TEAE
	13 (2.0) 
	13 (2.0) 

	Serious AE
	12 (1.8) 
	13 (2.0) 

	Serious TEAE
	12 (1.8) 
	13 (2.0) 

	TEAE leading to study medicine discontinuation
	3 (0.5) 
	6 (0.9) 

	TEAE with outcome of death
	2 (0.3) 
	1 (0.2) 

	AEs considered as related to study medicine

	AEs
	150 (22.7) 
	185 (27.9) 

	TEAEs
	148 (22.4) 
	185 (27.9) 

	Severe TEAE
	2 (0.3) 
	4 (0.6) 

	Serious AE
	0 
	2 (0.3) 

	Serious TEAE
	0 
	2 (0.3) 

	TEAE leading to study medicine discontinuation
	2 (0.3) 
	5 (0.8) 

	TEAE with outcome of death
	0 
	0 


SOURCE:52; ISS 2013 53: section 4.1.2 Table 21 and Table 22 AE: Adverse event; TEAE: Treatment-emergent adverse event; N: Number of patients in population; n: Number of patients in specific category
[bookmark: _Ref284425766]Figure 12: Overview of AEs considered related to study medicine in the pooled analysis of safety data
SOURCE: 52; ISS 2013 53: section 4.1.2 Table 22 
AE: Adverse event; N: Number of patients in population; TEAE: Treatment-emergent adverse event
The most commonly-reported TEAEs were nausea, headache and abscess, of which nausea was reported less frequently in the tedizolid phosphate group than in the linezolid group (52). Commonly reported AEs (that is, those with an incidence of ≥2%) are shown in Table 38. Fewer patients treated with tedizolid phosphate reported gastrointestinal AEs compared with patients treated with linezolid.
[bookmark: _Ref381780303][bookmark: _Toc396058482]Table 38: TEAEs considered related to study medicine with ≥2%a incidence in the pooled analysis of safety data
	System Organ Class
Preferred Term
	Tedizolid phosphate
(N=662)
n (%)
	Linezolid
(N=662)
n (%)

	Gastrointestinal disorders
	106 (16.0)
	152 (23.0)

	Nausea
	54 (8.2)
	81 (12.2)

	Diarrhoea
	26 (3.9)
	35 (5.3)

	Vomiting
	19 (2.9)
	37 (5.6)

	Constipation
	9 (1.4)
	6 (0.9)

	Dyspepsia
	4 (0.6)
	8 (1.2)

	Nervous system disorders
	65 (9.8)
	67 (10.1)

	Headache
	41 (6.2)
	39 (5.9)

	Dizziness
	12 (1.8)
	14 (2.1)

	Skin and subcutaneous tissue disorders
	47 (7.1)
	40 (6.0)

	Pruritus generalized
	11 (1.7)
	7 (1.1)

	Pruritus
	3 (0.5)
	9 (1.4)

	General disorders and administration site conditions
	36 (5.4)
	39 (5.9)

	Fatigue
	9 (1.4)
	12 (1.8)

	Infections and infestations
	91 (13.7)
	78 (11.8)

	Abscess
	35 (5.3)
	26 (3.9)

	Cellulitis
	17 (2.6)
	14 (2.1)

	Vulvovaginal mycotic infection
	2 (0.3)
	9 (1.4)

	Psychiatric disorders
	17 (2.6)
	8 (1.2)

	Insomnia
	10 (1.5)
	5 (0.8)


SOURCE: 52; ISS 2013 53: section 4.2.2 Table 27  *Round-off values are equal to 1% N: Number of patients in population; n: Number of patients in specific category; TEAE: Treatment-emergent adverse event
a It should be noted that these data are incorrectly labelled in Table 3 of Shorr 2014 as being TEAEs with ≥1% incidence in the pooled Safety Population.
Severity of adverse events in the pooled analysis 
The majority of TEAEs in both treatment groups were mild or moderate in severity with a comparable distribution of severity for tedizolid phosphate and linezolid treated patients (Table 39). In addition, the overall incidence of SAEs was low and comparable between the treatment groups (1.8% vs. 2.0%)(53).
[bookmark: _Ref381779375][bookmark: _Toc396058483]Table 39: Distribution of TEAEs by severity in the pooled analysis of safety data
	TEAE severity
	Tedizolid phosphate
(N=662)
n (%)
	Linezolid
(N=662)
n (%)

	Mild
	195 (29.5) 
	193 (29.2) 

	Moderate
	75 (11.3) 
	80 (12.1) 

	Severe
	13 (2.0) 
	13 (2.0) 


SOURCE: ISS 2013 53: section 4.2.2 Table 29 N: Number of patients in population; n: Number of patients in specific category; TEAE: Treatment-emergent adverse event
[bookmark: _Ref382238318]Tedizolid phosphate had a lower risk of gastrointestinal adverse events compared with linezolid 
In the pooled analysis, the most commonly reported AEs considered related to the study medicine in both treatment groups were gastrointestinal disorders, with fewer TEAEs reported by patients treated with tedizolid phosphate compared with linezolid (16.0% vs. 23.0%) (Table 40). A lower incidence was reported for nausea, diarrhoea, vomiting, constipation, and dyspepsia for patients treated with tedizolid phosphate compared with patients treated with linezolid (Table 40 and Figure 13).
[bookmark: _Ref283568636][bookmark: _Toc396058388]Figure 13: Gastrointestinal disorder TEAEs in the pooled analysis of safety data from the Phase 3 trials

SOURCE: 52; ISS 2013 53: section 4.2.2 Table 26
N: Number of patients in population; TEAE: Treatment-emergent adverse event
[bookmark: _Ref382238322]Tedizolid phosphate had a lower incidence of platelet counts considered below the LLN compared with linezolid based on the pooled analysis of safety data 
Measurement of haematology parameters from the pooled data demonstrates that tedizolid phosphate was associated with lower incidence of abnormal post-baseline haematology laboratory values compared with linezolid. The proportion of patients with post-baseline platelet counts classed as substantially abnormal (defined as <75% of the LLN [<50% of ANC] for values normal at baseline and <75% of the LLN [<50% for ANC] and of baseline for values abnormal at baseline) was low and lower in the tedizolid phosphate group compared with the linezolid group (2.1% vs. 4.5%) (Table 41). The proportion of patients with platelet counts below LLN was also low and lower in the tedizolid phosphate group (6.4%) compared with the linezolid group (12.6%). Further, the proportion of patients with post-baseline ANC counts classed as substantially below LLN was low and lower in the tedizolid phosphate and linezolid group (1.9% vs. 4.7%) (Table 41). For haemoglobin, the incidence values of below LLN was slightly lower in the tedizolid phosphate group compared with the linezolid group (Table 41). 
[bookmark: _Ref381780101][bookmark: _Toc396058484]
[bookmark: _Ref281835049]Table 40: Gastrointestinal disorder TEAEs in the pooled analysis of safety data 

	Category
	Tedizolid phosphate
(N=662)
n (%)
	Linezolid
(N=662)
n (%)

	Gastrointestinal disorder TEAEs:
	106 (16.0)
	152 (23.0)

	Nausea
	54 (8.2)
	81 (12.2)

	Diarrhoea
	26 (3.9) 
	35 (5.3) 

	Vomiting
	19 (2.9)
	37 (5.6)

	Constipation
	9 (1.4)
	6 (0.9)

	Dyspepsia
	4 (0.6)
	8 (1.2)

	Gastrointestinal disorder SAEs:
	2 (0.3) 
	0

	Upper gastrointestinal hemorrhage 
	1 (0.2) 
	0

	Vomiting 
	1 (0.2) 
	0

	Gastrointestinal disorders TEAEs leading to discontinuation:
	2 (0.3) 
	3 (0.5)

	Abdominal discomfort 
	1 (0.2)
	0

	Diarrhoea
	1 (0.2)
	0

	Vomiting
	1 (0.2)
	3 (0.5)

	Nausea
	0
	3 (0.5)

	Gastrointestinal disorders leading to death
	0
	0


SOURCE 52; ISS 2013 53: section 4.2.2 Table 26, Table 32, Table 35 N: Number of patients in population; n: Number of patients in specific category; SAE: Serious adverse event; TEAE: Treatment-emergent adverse event
[bookmark: _Ref381781938][bookmark: _Toc396058485]
[bookmark: _Ref281835152]Table 41: Post-baseline haematology laboratory values in the pooled analysis of safety data from the Phase 3 trials
	Post-baseline haematology laboratory values through last dose of active study medicine
	Tedizolid phosphate
N=662
n (%)
	Linezolid
N=662
n (%)

	Haemoglobin, N1
	632 
	633 

	Below LLN
	254 (40.2) 
	282 (44.5) 

	Substantially abnormal
	18 (2.8) 
	22 (3.5) 

	ANC, N1
	618 
	617 

	Below LLN
	12 (1.9) 
	29 (4.7) 

	Substantially abnormal
	3 (0.5) 
	4 (0.6) 

	Platelets, N1
	627
	626

	Below LLN
	40 (6.4) 
	79 (12.6) 

	Substantially abnormal
	13 (2.1) 
	28 (4.5) 


SOURCE: ISS 2013 53 section 5.1.2 Table 41 Note: Substantially abnormal is defined as <75% of the LLN (<50% of ANC) for values normal at baseline and <75% of the LLN (<50% for ANC) and of baseline for values abnormal at baseline ANC: Absolute neutrophil count; LLN: Lower limit of normal; N: Number of patients in the safety population; N1: Number of patients with non-missing data at the summarised visit; n: Number of patients in specific category

The incidence of abnormal and substantially abnormal platelet counts was determined at several time points during the study (Table 42). The incidence of counts below LLN increased from 5.6% at Day 7 to Day 9 to 10.8% at Day 11 to Day13 in the linezolid group compared to 3.2% to 4.9% in the tedizolid phosphate group (52;53). The incidence of substantially abnormal counts increased in the linezolid group but was stable in the tedizolid phosphate group. 
[bookmark: _Ref390706410][bookmark: _Toc396058486]Table 42: Incidence of abnormal platelet counts at several time points
	Parameter 
	Time Point 
	
	Tedizolid phosphate 
(N=662) 
n (%)
	Linezolid 
 (N=662) 
n (%)

	Platelets 
	Study Day 7-9 
	N1
	554
	551

	
	
	Below LLN
	18 (3.2) 
	31 (5.6)

	
	
	Substantially abnormal (<75% LLN)
	8 (1.4)
	12 (2.2)

	
	Study Day 11-13
	N1
	552
	537

	
	
	Below LLN
	27 (4.9) 
	58 (10.8) 

	
	
	Substantially abnormal (<75% LLN)
	7 (1.3)
	20 (3.7)

	
	Last dose of Active Drug
	N1
	546
	520

	
	
	Below LLN
	20 (3.7) 
	56 (10.8)

	
	
	Substantially abnormal (<75% LLN)
	9 (1.6)
	17 (3.3) 

	
	Any Post-Baseline through Last Dose of Active Drug 
	N1
	627
	626

	
	
	Below LLN
	40 (6.4) 
	79 (12.6)

	
	
	Substantially abnormal (<75% LLN)
	13 (2.1)
	28 (4.5)


Source: 52; ISS 2013 53
LLN: Lower limit of normal; N: Number of patients in the safety population; N1: Number of patients with non-missing data at the summarised visit; n: Number of patients in specific category
[bookmark: _Ref384391578]Tedizolid phosphate had no observed risk of nephrotoxicity based on the pooled analysis of safety data from the Phase 3 trials
Measurement of laboratory parameters in the pooled Phase 3 trials demonstrated that tedizolid phosphate was associated with no observed risk of nephrotoxicity. The proportion of patients with substantially abnormal post-baseline serum creatinine (0.2% vs. 0.5%) and BUN values (0% vs. 0.3%) was comparable in both the tedizolid phosphate and linezolid groups (53). 
Tedizolid phosphate had a low incidence of neurologic adverse events
Analysis of the pooled Phase 3 data indicated there was limited potential for optic or peripheral neurologic toxicity for tedizolid phosphate or linezolid, as evidenced by low and similar TEAE incidence between groups. The small numbers preclude meaningful comparison by specific TEAE; most identified events were mild, generally transient, with a spontaneous resolution and none were considered to be evidence of optic or peripheral neurotoxicity on expert medical review(53).

Results from the pooled analysis showed that eight patients (1.2%) in the tedizolid phosphate group and five patients (0.8%) in the linezolid group experience at least 1 peripheral neuropathy/cranial nerve disorders TEAE. Events were hypoesthesia, paresthesia, VIIth nerve paralysis (tedizolid phosphate only), and sensory loss and tinnitus (linezolid only)(53).

An analysis for potential events suggesting optic nerve disorders showed two TEAEs in the tedizolid phosphate group and one TEAE in the linezolid group. Events were visual acuity reduced and visual impairment (tedizolid phosphate only)(53).

Deaths
In total there were 3 deaths in the development program which all occurred in the Phase 3 studies. Two occurred in patients who received tedizolid phosphate; both were elderly patients with cSSTI and multiple comorbidities. An 86-year-old male hospitalized with pneumonia 21 days post-treatment developed septic shock 5 days after admission. The patient was stabilized but developed fatal septic shock with multiorgan system failure, and death 25 days after admission. The second patient, an 84-year-old male with a prior history of MI, experienced a further MI 4 days after final administration of study medicine, and died 4 days later. One death in the linezolid group occurred in a 33-year-old HIV-positive female who developed tuberculous meningitis. None of the deaths was regarded as related to study treatment (52;53).


iii) For placebo-controlled and uncontrolled studies, which primarily assessed an efficacy outcome, provide details of the type and frequency of adverse effects that might be expected in clinical practice with the medicine in the indication(s) under review. 

Not applicable. 


b) Provide details of any additional safety issues for the medicine in the indication(s) under review compared to relevant active comparator(s), which were not identified in the studies described previously.   

The manufacturer is not aware of any additional safety issues other than as previously described or identified.

[bookmark: Clinical_Effectiveness]
5.	Clinical Effectiveness

Summary of clinical effectiveness

· Both the Phase 3 non-inferiority study design and study endpoints were determined in accordance with the preferences of both European and US regulators.

· The study endpoints were clinically relevant and patients recruited into the Phase 3 studies had FDA-defined ABSSSI at baseline, with no meaningful differences in patient demographics or disease characteristics at baseline. The EMA has adopted the same definition of ABSSSI and the study participants are representative of patients with MRSA-caused ABSSSIs treated in NHS Scotland.

· Vancomycin, daptomycin, tigecycline, teicoplanin, ceftaroline and linezolid are all approved for the treatment of cSSTIs or ABSSSIs in the UK and Europe. Daptomycin, tigecycline and ceftaroline are all accepted for restricted use in NHS Scotland by the SMC. The launch of linezolid in NHS Scotland predates the SMC.

· UK and Scottish guidelines recommend glycopeptides (usually vancomycin) as first-line treatment for all SSTIs where MRSA is proven or suspected. Linezolid can be given on expert advice where a glycopeptide is unsuitable.  Both vancomycin and linezolid are frequently used for inpatient management of MRSA-caused cSSTIs in the UK and elsewhere. The other agents are used less frequently in Scotland for reasons including concerns about decreasing efficacy and/or increasing antibiotic resistance.

· Tedizolid phosphate offers convenient, 200mg once-daily administration with no dose adjustment necessary when switching from intravenous to oral formulation, including in special populations (elderly patients and patients with renal or hepatic impairment), and with no requirement for additional monitoring. 

· The shorter course of IV treatment and ease of IV to oral switch means that use of tedizolid phosphate could facilitate early discharge from hospital for appropriate patients, with the potential to reduce the associated length of stay (LOS) in hospital and reduce costs, particularly in terms of hospital bed days.


Describe any limitations of the study methodology and conduct affecting the quality of the evidence of clinical benefits and adverse effects with the medicine in the indication(s) under review (with respect to the proposed positioning of the product within the submission, if relevant).

a) Relative to relevant active comparator(s). 

Both the study design and the choice of primary and secondary efficacy endpoints in the Phase 3 studies were determined in accordance with the preferences of US and European medicines regulators.

· Non-inferiority study design

The comparative Phase 3 studies were designed to establish the non-inferiority of tedizolid phosphate versus linezolid and to compare the safety of both agents. The non-inferiority study design of ESTABLISH-1 and ESTABLISH-2 was in accordance with FDA recommendations for the development of novel systemic medicines to treat ABSSSIs. Secondly, it is generally accepted that clinical studies assessing novel antibiotics for treatment of ABSSSIs should use a non-inferiority design because placebo-controlled studies would be unethical in the context of this indication and in view of the high rates of treatment response with antibacterial medicines (7;54;49).

· Choice of endpoints

The EMA guidance on the evaluation of medicinal products in bacterial infections (42) recommends the use of investigator assessments of clinical response at post-treatment evaluations (PTE, also known as ‘Test of Cure’) as the primary endpoint. By contrast, the FDA draft guidelines (7) recommend early clinical response assessments (48-72 hours on treatment) for the primary analysis of efficacy.

Given this difference in preferred endpoints for cSSTI studies, the manufacturer designed the Phase 3 studies of tedizolid phosphate to collect data to support a marketing authorisation in both the US and Europe which included the outcomes measures suggested in December 2011 guidance from the EMA CHMP (44). Consistent with current guidance, separate Statistical Analysis Plans (SAPs) were prospectively developed for the study analyses for each region.

· Uncertainties associated with the primary endpoint of early clinical response 

In 2013, new FDA draft guidance redefined the clinical response criteria and changed the primary non-inferiority endpoint from evaluation 7-14 days after completion of therapy to early assessment of clinical response during therapy. The primary endpoint in both ESTABLISH-1 and ESTABLISH-2 was early clinical response at the 48-to-72 hour assessment (although the criteria for response differed between the two studies). 

In ESTABLISH-1, early clinical response was based on draft 2010 FDA guidance and was defined as no increase in lesion surface area from baseline and an oral temperature of ≤37.6oC, confirmed by a second temperature measurement within 24 hours. The study authors stated that there was uncertainty associated with reliable, well-defined primary efficacy endpoints in non-inferiority studies of ABSSIs. In order to address this potential uncertainty, clinical response in the study was analysed using a variety of endpoint definitions, response criteria and analysis sets (see NPAF section 3.2.8, clinical efficacy).

· 4% of ESTABLISH-1 patients had small lesion size

Participants were eligible for enrolment into the ESTABLISH-1 study if the patient had cellulitis/erysipelas, major cutaneous abscess, or wound infection surrounded by erythema with a minimum total lesion surface area of 75cm2. However, some patients were enrolled in the study prior to the protocol amendment, which clarified the minimum lesion size. As a result, both the tedizolid phosphate and linezolid treatment groups included approximately 4% of patients with a total lesion surface area of less than 75cm2.

The authors of ESTABLISH-2 identified reliability and accuracy of measuring lesion size with a ruler as one potential area of difficulty, but noted that any variability would not be expected to differ between the two treatment groups (40).

· Fever as a component of the primary efficacy outcome measure

In ESTABLISH-1, the main reason for treatment failure at the early 48- to 72-hour assessment in either treatment group was missing temperature data within that period. The validity of fever as a component of the primary efficacy outcome measure in ABSSSIs has been disputed (49; 55;56; 57) Only 18% of patients in ESTABLISH-1 had fever at baseline and 10% of patients were missing temperature measurements for the early treatment response end point (39).

ESTABLISH-2 followed updated 2013 FDA guidance in which temperature or fever was no longer a criterion of early clinical response. Instead, early clinical response was defined in ESTABLISH-2 as ≥20% decrease in lesion size with no fever criteria. 

· Data limitations identified by the EMA

In addition, the EU Summary of Product Characteristics summarises the limitations of the clinical data as follows:

· The safety and efficacy of tedizolid phosphate when administered for periods longer than 6 days have not been established.
· There is limited experience with tedizolid phosphate in the treatment of patients with concomitant acute bacterial skin and skin structure infections and secondary bacteremia and no experience in the treatment of ABSSSI with severe sepsis or septic shock.
· Controlled clinical studies did not include patients with diabetic foot infections, decubitus or ischaemic skin ulcers, bone or joint infections, severe burns, necrotising fasciatis or gangrene.
· Controlled clinical studies did not include patients with neutropenia (neutrophil counts <1000 cells/mm3) or severely immunocompromised patients.

The manufacturer does not anticipate that any of these limitations would affect the validity, robustness or significance of the outcomes of the Phase 3 studies, nor their relevance or applicability to Scottish clinical practice. Scottish clinical experts consulted by the manufacturer commented favourably on the good design of the Phase 3 studies.

b) Describe the relevance of the outcomes assessed in clinical studies to clinical benefits and adverse effects expected in practice.

· Study endpoints are clinically relevant 

The outcomes assessed in the Phase 3 studies are highly relevant to clinical practice and are clinically meaningful. 

The primary efficacy outcome analysis of the Phase 3 studies for the EU licence was the
Investigator’s assessment of clinical success of tedizolid phosphate (oral in ESTABLISH-1 and IV with possible switch to oral in ESTABLISH-2) compared with that of 10-day linezolid treatment at the PTE Visit in the ITT and CE-PTE Analysis Sets. This assessment was timed to occur 7 to 14 days after the EOT Visit and thus compared the response to tedizolid phosphate and linezolid at an equivalent timepoint after the completion of the protocol-specified therapy. Overall clinical response at PTE was determined from the assessments at the EOT and PTE Visit.

The secondary efficacy outcome analyses included per-patient and per-pathogen favourable microbiological response rates and the Investigator’s assessments of early (48-72 hours) responses and EOT clinical responses. The availability of the early assessments also facilitated an analysis of the concordance of the outcomes defined as the early clinical response at the 48-72 hour visit and the EU primary efficacy analysis of the Investigator’s assessment of response at PTE.

A number of additional outcomes were analysed including the early (48-72 hours) and
EOT clinical responses, patient reported pain and the overall and per-pathogen
Investigator’s assessment of clinical response in the MITT and Microbiologically
Evaluable (ME) datasets. The studies also included a LFU visit for the evaluation of clinical relapse and microbiological recurrence 18 to 25 days post-treatment. 

In both ESTABLISH 1 and ESTABLISH-2, treatment with 200mg of tedizolid phosphate once daily for 6 days was statistically non-inferior in efficacy to 600mg of linezolid twice daily for 10 days at both early and late time points and was generally well tolerated. Secondary outcome assessments at the EOT and PTE evaluation time points also established that 6 days of treatment with tedizolid phosphate was non-inferior to 10 days of treatment with linezolid.  

· Presence of MRSA pathogen in study participants 

In ESTABLISH-1, at least 1 pathogen was isolated from the primary infection site in approximately 63% of patients and most pathogens isolated were gram-positive aerobes (98.6%). Pathogens were isolated from blood from 8 patients (4 in each treatment group). The most common pathogen isolated from the primary ABSSSI site was Staph. aureus (82.8%) with MRSA identified in 42.1% of infections in the tedizolid phosphate group and 43.1% of infections in the linezolid group (39).

In ESTABLISH-2, Staph. aureus was the pathogenic organism identified from the primary ABSSSI in 80.2% of the tedizolid phosphate and 82.7% of the linezolid treatment group (40).

In the pooled dataset, a gram-positive pathogen was isolated from the primary infection site at Baseline in approximately 60% of patients; these patients were included in the Microbiological Intent to Treat (MITT) Analysis Set. Most pathogens were Gram-positive aerobes. Approximately 88% of patients in the MITT Analysis set had mono-microbial Gram-positive infection. Of the patients in the MITT Analysis Set, Staph. aureus was identified in 81.0% who received tedizolid phosphate and 83.0% of patients who received linezolid. MRSA accounted for 34.7% and 35.4% of infections in the tedizolid phosphate and linezolid groups, respectively.

Hence, a significant proportion of study participants had an MRSA-caused ABSSSI at baseline, which is the population that is the subject of this NPAF. Moreover, the clinical response rate at the PTE visit, 7-14 days after completion of therapy, was high (85%) for 178 patients infected with MRSA and similar in both the tedizolid phosphate and linezolid treatment groups. 

The results and findings from both Phase 3 studies are, therefore, clinically meaningful and relevant to routine clinical practice in Scotland where Staph. aureus and MRSA infections account for a significant percentage of healthcare-acquired infections (HAI) and where MRSA resistance is one of the two major antibiotic resistance issues that confront hospitals in Scotland today (23).

c) Describe any factors that may influence the applicability of study results to patients in routine clinical practice in Scotland.

No UK or Scottish participants were included in either ESTABLISH-1 or ESTABLISH-2. However, the manufacturer does not believe that the absence of UK or Scottish patients in the studies adversely affects the generalisability of the study results to routine clinical practice in NHS Scotland, for the following reasons:

1. Both Phase 3 studies were conducted in a large number of centres across the world and in Europe. Patients were predominantly enrolled in the US and Canada (approximately 64%), with 25% recruited in Europe and 11% in other territories. Of the European patients, the majority were recruited in non-EU countries with approximately 7% of study patients being enrolled within the EU.

2. Ethnicity. 83.2% of study participants in ESTABLISH-1 and 85.1% in ESTABLISH-2 gave their ethnicity as white (41;42). Overall, ESTABLISH-2 enrolled substantially more European patients than ESTABLISH-1. 

3. Enrolled patients had an FDA-defined ABSSI at Baseline. Patients were enrolled if they had an ABSSSI at Baseline according to the FDA definition. The FDA definition of ABSSSI has recently been accepted by the EMA and matches the expected EU indication and licensed patient population for tedizolid phosphate. 

Patients were required to have a diagnosis of either severe cellulitis/erysipelas, major cutaneous abscess, or wound infection with a minimum total lesion area of ≥75 cm2 in each case. In each infection type, the protocols required the presence of a minimum number and type of local, regional, or systemic signs of infection. With regard to regional/systemic signs, patients were required to exhibit at least one of: lymphadenopathy (regional); fever (systemic); abnormal white blood cell count (systemic); or elevated immature neutrophil count (systemic).

Within the resulting patient populations, in the tedizolid phosphate and linezolid groups respectively, 45.3% versus 45.9% of patients had cellulitis/erysipelas, 25.3% versus
24.8% had major cutaneous abscess, and 29.4% versus 29.3% had wound infection, respectively. Of the wound infections, 96.4% had occurred in post-traumatic wounds and
3.6% in surgical wounds. The proportion of patients with abscess is consistent with current guidelines that recommend a maximum of approximately 30% of such patients in a study of antibacterial therapy in cSSTI (42).

4. No meaningful differences between treatment groups. There were no meaningful differences between the tedizolid phosphate and linezolid treatment groups in the baseline assessments of the primary infection site, or of local, regional or systemic signs in either of the Phase 3 studies. The inclusion and exclusion criteria were applied uniformly and randomisation, with stratification based on geographical region, resulted in balance between the tedizolid phosphate and linezolid treatment groups across regions. In addition, population pharmacokinetic analysis did not identify any clinically significant patient covariates that affected the pharmacokinetics of tedizolid.

On the basis of the local, regional and systemic sign and symptoms, and the microbiological findings in the study populations, the patients recruited into the Phase 3 studies can be reasonably regarded as having infections of a severity necessitating intervention with antibiotic therapy. In addition, taking into account the presence of a significant proportion of MRSA infections, the study participants are believed to be representative of the treatable patient population in Scotland. 

A recent analysis in Scotland suggests that the populations included in the Phase 3 tedizolid phosphate studies are representative of the ABSSSI patients typically seen in the NHS in Scotland (20). Seaton and colleagues set out to explore the relative healthcare costs of earlier discharge of adults with MRSA-associated SSTI and reviewed the case notes of 173 adult patients admitted to Glasgow hospitals retrospectively identified with MRSA SSTI. 54% (n=93) of patients were female, with a median age of 68 years (range 17-98). Surgical site infections were the most common (44.5%, n=77), followed by cellulitis (23.7%, n=41). 

The following questions should be completed to provide a balanced account of the advantages and disadvantages of the medicine in the indication(s) under review relative to relevant active comparator(s).

d) Provide details of the main alternative treatments used for the indication(s) under review within Scottish clinical practice.

[bookmark: _Toc396058794][bookmark: _Ref389043927][bookmark: _Ref390610051]Vancomycin, linezolid, daptomycin, teicoplanin, ceftaroline and tigecycline (among others) are all approved for the treatment of ABSSSI or MRSA-ABSSSI in the EU. Linezolid, daptomycin, tigecycline, teicoplanin and ceftaroline are all approved for use in the UK for the treatment of Gram-positive infections, including SAB and MRSA. Daptomycin, tigecycline and ceftaroline are all accepted for restricted use by the SMC (see section 5e). Linezolid was introduced in Scotland prior to 2002 and so has not been evaluated by the SMC.

Both vancomycin and linezolid are frequently used for inpatient management of MRSA cSSTIs in a number of European countries (58).  The REACH study reported that vancomycin and linezolid are the most commonly prescribed antibacterial medications in Europe for initial inpatient treatment, with 50.2% of patients receiving vancomycin and 15.1% of patients receiving linezolid (58). 
In the UK, vancomycin accounts for 69% of all prescribing for ABSSSI, followed by linezolid, which accounts for 18% of prescribing in a post-vancomycin setting (59). In terms of market share, vancomycin has a 20% market share, followed by linezolid (15%) and daptomycin (8%) (59). 

Vancomycin
According to current UK and Scottish guidance, treatment should be initiated with intravenous vancomycin where Gram-positive MRSA infection is either suspected or proven (3;4). In patients who are intolerant to vancomycin, have a vancomycin allergy, treatment failure or if there is clinical concern regarding response, alternative therapy should be discussed (3). Clinical isolates with high-level resistance to vancomycin were identified in the US as long ago as 2002 (60;61).

Linezolid (ZyvoxR)
Linezolid is a recommended treatment option for skin and skin tissue infections (SSSTIs) caused by a Gram-positive organism such as MRSA where a glycopeptide, such as vancomycin, is unsuitable (4) or is otherwise inappropriate, has not been tolerated or where treatment modification is required. 

Linezolid, an oxazolidinone antibiotic, is the only agent approved currently for the treatment of cSSTI allowing an IV-to-oral switch treatment scheme without necessitating a change in antibiotic and/or dose. This antibiotic is increasingly utilised in the treatment of cSSTI in Scotland and elsewhere, particularly if MRSA is considered a likely pathogen. Across Europe, the REACH study showed that linezolid is the most common antibacterial prescribed to patients at discharge, with 42.1% of prescriptions attributed to linezolid at discharge (58). 

As noted in section 1, the relevant active comparator for tedizolid phosphate in the clinical situation/sub-population described in sub-section 1b) above is linezolid. 

Daptomycin (CubicinR)
Daptomycin is accepted for restricted use within NHS Scotland for the treatment of cSSTIs complicated skin and skin structure infections (62) and also for the treatment of SAB associated with right-sided infected endocarditis or with cSSTIs (63). Although accepted for restricted use by the SMC, Scottish expert clinical opinion received by the manufacturer confirmed that daptomycin should be reserved for bacteraemic cSSTIs only. Moreover, daptomycin is not available in an oral formulation. Hence, it is not suitable for patients awaiting discharge from hospital. 

For these reasons, daptomycin does not represent the standard of care for post-glycopeptide treatment of ABSSSIs in NHS Scotland and so is not a relevant comparator for tedizolid. 

Ceftalorine (ZinforoR) and tigecycline (TygacilR)
According to Scottish expert clinical opinion received by the manufacturer, neither ceftaroline nor tigecycline are used much in clinical practice to treat ABSSSIs caused by Gram-positive organisms. Use of tigecycline is limited in clinical practice because of safety and tolerability issues and is restricted to use in NHS Scotland as a second or third line agent only (64), whereas ceftaroline (a cephalosporin) prescribing is restricted in Scotland because of the potential for C. diff infection (65;38).

Teicoplanin
According to Scottish expert clinical opinion received by the manufacturer, teicoplanin is used only infrequently to treat MRSA-associated infections in NHS Scotland. Clinical isolates with a reduced susceptibility to teicoplanin have been increasingly reported in the UK and in Europe and are possibly under-recognised (66;67).

In a randomised, controlled, open-label study of 430 patients with suspected or proven Gram-positive infection, comparing teicoplanin with linezolid, Wilcox et al concluded that linezolid was clinically superior to teicoplanin in the treatment of Gram-positive infections (68). 

In conclusion, Scottish clinical experts have confirmed that linezolid is the most widely used agent in Scottish clinical practice for treating ABSSSIs caused by Gram-positive organisms such as MRSA in circumstances where an agent other than vancomycin is required. This is supported by Scottish prescribing data.

e) Provide details of relevant guidelines and protocols relating to the medicine for the indication(s) under review, including previous SMC guidance for medicine(s) that may also be used for the indication(s) under review.

There are a number of international, national and local guidelines and protocols governing the prevention and treatment of ABSSSIs, including Gram-positive infections caused by MRSA.  

European guidelines
The 2009 European Society of Clinical Microbiology and Infectious Diseases (ESCMID) consensus report provides guidance on effective management of MRSA (69). The report recommends that treatment of MRSA infections should be individualised, taking into account the susceptibility patterns, source of infection, presence of metastatic sites of infection, comorbidities, and history of allergy. Several concerns were identified regarding the treatment of MRSA infections with glycopeptides; for example, the clinical failure with vancomycin treatment regardless of in vitro susceptibility and the difficulty of dosage monitoring in teicoplanin. At the time of publication, linezolid and daptomycin were identified as new therapeutic options with activity against MRSA infections. 

UK guidelines
The British Society for Antimicrobial Chemotherapy (BSAC) has published evidence-based guidelines for the prevention and treatment of MRSA infections in the UK (2). The 2008 BSAC guidelines give recommendations for treating MRSA infections in general, as well as for a number of specific infections. For treating MRSA infections in general, the guidelines prefer an approach of de-escalating therapy from an agent that encompasses MRSA to a Methicillin-susceptible S. aureus (MSSA) therapy as a safer alternative to escalation therapy, unless the proportion of MRSA infections is known to be very low as established by local surveillance (2),

For cellulitis/surgical site MRSA infections in hospitalised patients, the BSAC recommendations are as follows:
· Glycopeptides, linezolid, or daptomycin should be considered for use in hospitalised patients with severe SSTIs and/or where the risk of bacteremia is high;
· Linezolid may provide marginally greater effectiveness compared with glycopeptides in this patient population;
· The use of rifampicin plus fusidic acid to treat SSTIs is no longer recommended due to its adverse effects and the availability of newer, less-toxic agents 
For cellulitis/surgical site MRSA infections in patients who are not hospitalised, the BSAC recommendations are as follows:
· For strains of MRSA resistant to doxycycline or clindamycin, glycopeptides or linezolid should be used. Co-trimoxazole may be considered, bearing in mind the hazards of sulfonamide allergy;
· Outpatient parenteral therapy with glycopeptides or daptomycin offers a cost-effective option in moderately severe infections where continuing intravenous therapy is deemed necessary.
The BSAC guidelines do not make any recommendations for the cases of treatment failure with glycopeptide monotherapy; the authors were unable to make a clear recommendation for adding a second antistaphylococcal agent (such as doxycycline, rifampicin or fusidate) to the glycopeptide or for switching to monotherapy with either linezolid or daptomycin.

At the time the guidelines were published in 2008, daptomycin and tigecycline were newly-licensed; ceftaroline and telavancin also had published data. The guidelines did not make any recommendations regarding the use of these agents due to the relatively early real-world clinical experience. However, they did recommend that they "should be regarded as alternatives in clinical situations in which other agents are deemed inappropriate or failing" (2).

The British National Formulary antibiotic guidance (4) states that a glycopeptide (such as vancomycin) can be used for severe skin and soft tissue infections associated with MRSA. If a glycopeptide is unsuitable, however, linezolid can be given on expert advice. The guideline also notes that tigecycline and daptomycin are both licensed for the treatment of cSSTIs involving MRSA, but does not make recommendations as to their use. 

Finally, recently-published Department of Health (England) antimicrobial stewardship guidance recommends a 48-hour review after the commencement of inpatient antibiotic therapy, with consideration of switching from IV to oral treatment, or an assessment of suitability for outpatient parenteral antibiotic therapy (OPAT)(70).

Scottish guidelines and protocols

The Scottish Intercollegiate Guidelines Network (SIGN) published Clinical Guideline no. 104, Antibiotic Prophylaxis in Surgery, in 2008 and updated it in April 2014 (23). SIGN 104 is primarily concerned with the prevention of surgical site infections (SSIs). It is recognised that MRSA carriage may be a risk factor for SSIs which, in turn, can cause major morbidity in patients undergoing high–risk procedures. SIGN 104 recommends, therefore, that patients known to carry MRSA should have a course of eradication therapy prior to high-risk surgery.

The Scottish Antimicrobial Prescribing Group (SAPG) has published several guidelines and good practice recommendations of relevance to antimicrobial prescribing and stewardship generally, as well as treatment of different infection types - including SAB and MRSA infections. The ones that are particularly relevant to tedizolid phosphate and its anticipated EU licensed indication are:

· Good Practice Recommendations for hospital antimicrobial stewardship (38) 
· Good Practice Recommendations for surgical prophylaxis (71)
· Intravenous Vancomycin Use in Adults (Continuous Infusion) (72)
· Intravenous Vancomycin Use in Adults (Pulsed Infusion) (73)
· Guidance on management of proven or suspected Staphylococcus aureus bacteraemia (3).

Where an SAB infection is proven or suspected, the 2013 SAPG guidance recommends empirical treatment initially. The first step is to assess the patient’s clinical risk to determine the likelihood of MRSA considering previous MRSA infection, admission from residential care, presence of a wound or in-dwelling vascular device, and whether it is a community or healthcare acquired infection.

If the risk assessment is negative, clinicians should treat the infection as for MSSA, with intravenous flucloxacillin 2g 4-6 hourly (assuming normal renal function). If the risk assessment is positive, clinicians should treat as MRSA in accordance with the local vancomycin protocol. In patients with a penicillin allergy, vancomycin should be used first-line for both MSSA and MRSA. In patients who are intolerant to vancomycin, have a vancomycin allergy, treatment failure or if there is clinical concern regarding response, alternative therapy should be discussed with the treating physician or clinical microbiologist. The guidance does not specify or dictate what that alternative therapy might be.

In addition, each Health Board in Scotland is required to put in place local protocols and guidelines for, inter alia, the empirical treatment of commonly-encountered infections and surgical prophylaxis, based on the SIGN 104 recommendations, for all specialities where interventional procedures are undertaken (38). As noted above, each Health Board should have in place a local vancomycin protocol.  

Existing Scottish Medicines Consortium advice 
[bookmark: _Ref280287175]The SMC has reviewed several antibiotics in the indication of interest, and these are summarised in Table 43:
[bookmark: _Ref281839937]Table 43: Summary of SMC reviews of antibiotics

	Product 
	Indication
	SMC advice (date)
	Details of restriction

	ceftataroline (Zinforo®)
(SMC Advice 830/12) 65
	Treatment of complicated skin and soft tissue infections in adults.
	Accepted for restricted use (December 2012)
	Accepted for restricted use in patients with known or suspected methicillin resistant Staphylococcus
aureus (MRSA) infection in the following settings:
• For Gram-positive only infections where vancomycin iv is inappropriate/ has not been tolerated or treatment modification is required; and daptomycin iv or linezolid iv is normally
used.
• For polymicrobial Gram-positive and common Gram-negative pathogens*, where vancomycin iv in combination with gentamicin iv is inappropriate/has not been tolerated or treatment modification is required; and daptomycin iv in combination with gentamicin iv, or linezolid iv in combination with gentamicin iv, or tigecycline iv is normally used.

Ceftaroline should be used only on the advice of local microbiologists or specialists in infectious disease.

	daptomycin (Cubicin®) (SMC Advice 248/06) 61
	Treatment of complicated skin and soft tissue infections in adults.

	Accepted for restricted use (March 2006)
	Daptomycin should be restricted to use in patients with known or suspected methicillin-resistant Staphylococcus aureus (MRSA) infection and on the advice of local microbiologists or specialists in infectious disease.

Daptomycin has a higher acquisition cost than some alternative treatments; it does not, however, require therapeutic monitoring.

	tigecycline (Tygacil®) (SMC Advice 276/06) 64
	Treatment
of complicated skin and soft-tissue infections.

	Accepted for restricted use (June  (2006)
	Accepted for restricted use within NHS Scotland for the treatment of complicated skin and soft-tissue infections.
Tigecycline is associated with clinical cure rates in patients with complicated skin and skin structure infections non-inferior to those with a combination of a glycopeptide and a monocyclic beta-lactam antibiotic. It is restricted to use as a 2nd or 3rd line agent under the advice of local microbiologists or specialists in infectious diseases.

	daptomycin (Cubicin®) (SMC Advice 449/08) 63
	Treatment of Staphylococcus aureus bacteraemia (SAB) when associated with right-sided infective endocarditis (RIE) or with complicated skin and soft-tissue infections in adults.
	Accepted for restricted use  (February 2008)
	Accepted for restricted use for the treatment of SAB when associated with RIE or with complicated skin and soft-tissue infections in adults. 

Daptomycin should be restricted to use in patients with known or suspected MRSA infection and on the advice of local microbiologists or specialists in infectious disease. Daptomycin has been shown to be as effective as standard therapy in patients with S. aureus bacteraemia with or without endocarditis, though data on the subgroup of patients with RIE due to MRSA are very limited.




f) Provide details of any advantages or disadvantages, other than clinical benefits and adverse effects with the medicine in the indication(s) under review compared to usual clinical practice with the relevant active comparator(s). These would include, but are not limited to, differences in terms of: (a) tests or investigations for selection or monitoring of patients; (b) routes or schedules of administration; and (c) service changes.

Tedizolid phosphate treatment offers a number of advantages compared to current clinical practice with linezolid, as follows:
· Lower dosage (200mg) and once daily administration with shorter treatment duration of 6 days   
Tedizolid phosphate offers 200mg once-daily administration of a novel agent that is available in both oral and IV formulations. This allows the lowest exposure in terms of both overall dose and duration, while maintaining similar efficacy due to its higher potency. Linezolid is administered as 600mg twice-daily for a minimum duration of 10 days. 
Unlike other agents, tedizolid phosphate does not require dose adjustment in obese patients, or in elderly populations.
· Improved gastrointestinal tolerability profile 
Results from both Phase 3 trials indicate a statistically lower incidence of gastrointestinal AE for tedizolid phosphate as compared to linezolid (13% vs. 23% p=0.0018). Such lower incidence was maintained with statistical significance when looking at the 0 to 6 days specifically, as well as when pooled analysis was undertaken.  
· More favourable haematological safety profile with No monitoring requirement
Myelosuppression (including anaemia, leucopenia, pancytopenia and thrombocytopenia) has been reported in patients receiving linezolid and the risk of these effects appears to be related to the duration of treatment (74). Consequently, in the event that linezolid is administered in specified groups of patients at higher risk of these effects, close monitoring of haemoglobin levels, blood counts and platelet counts is indicated (74). This monitoring requirement has also been incorporated into NHS Scotland Health Board guidelines (75).

There is no such monitoring requirement associated with tedizolid phosphate. 

· Fewer drug-to-drug interactions 

Tedizolid phosphate has fewer drug-to-drug interactions (DDIs) than other antimicrobials. Neither tedizolid phosphate nor tedizolid is appreciably metabolised by hepatic oxidation, and they do not detectably inhibit or induce the metabolism of substrates of cytochrome P450 enzymes (76). Additionally, tedizolid phosphate or tedizolid was not shown to significantly inhibit drug uptake transporters (OAT1, OAT3, OATP1B1, OATP1B3, OCT1, and OCT2) or efflux transporters (P-glycoprotein and ABCG2 [also known as BCRP]) at circulating plasma concentrations up to the Cmax (77). Tedizolid phosphate does not inhibit the monoamine oxidase (MAO) system in vivo in animal models; however, tedizolid phosphate is a reversible inhibitor of MAO in vitro (77;78;79).  At therapeutic doses in humans, tedizolid phosphate did not produce hypertensive or serotonergic effects in provocative testing (77;78).

· Potential for reduced length of stay in hospital/early discharge 
Because the Phase 3 studies demonstrate that a six-day course of tedizolid phosphate is as efficacious as a 10-day course of linezolid, the shorter course of treatment of once daily 200mg tedizolid phosphate could facilitate early discharge from hospital for suitable patients (80), reducing the associated length of stay (LOS) in hospital (81;82) and reducing healthcare costs, particularly in terms of hospital bed days (83;20).
A pan-European retrospective, observational cohort study collected data on MRSA cSSTI cases across twelve European countries. (80;82) The mean duration of IV treatment was 14.0 ± 9.7 days, and the mean hospital LOS was 20.6 ± 17.4 days (median of 16.0; range 2-283). In the UK, the average length of treatment was 10.1±7.4 days and average LOS was 15.2 ± 10.5 days.

In a multivariable analysis of a study on treatment and utilisation patterns in patients with MRSA-caused CSSTIs, IV-to-oral patients had 5.19 fewer IV days (P<0.001) and 1.86 fewer days LOS in hospital from the point of cSSTI diagnosis (P= 0.161), compared with patients treated with IV MRSA-active antibiotics alone (81).

In a recent economic evaluation of treatment for MRSA-caused cSSTIs in Glasgow hospitals, Seaton et al concluded that a significant proportion of patients may be suitable for outpatient management with either oral therapy, or via an OPAT service. Where patients receiving inpatient IV treatment only, hospital costs were calculated at £12,316 per patient, of which 97% was accounted for by direct bed day costs (20). The mean total cost savings achievable through OPAT or oral therapy were estimated to be £6,136 and £6,159 per patient treated, respectively (20).

· Enhanced potency may lead to reduced potential to induce resistance
Moreover, the lower dosage and shorter duration treatment course of tedizolid phosphate results in reduced antibiotic exposure which may results in less potential to induce antibiotic resistance compared to linezolid, an improved DDI, safety/tolerability profile and compliance with oral treatment.
The prodrug leads to enhanced solubility and bioavailability and is rapidly converted by in vivo systemic phosphatases to the bioactive antibiotic.  In addition, the phosphate moiety masks the hydroxymethyl group of tedizolid, thereby decreasing monoamine oxidase (MAO) inhibition. The enhanced potency relative to linezolid is due to additional ribosomal interactions provided by the pyridine (C-ring) and tetrazole (D ring) moieties.  Finally, the hydroxymethyl group attached to the oxazolidinone ring of tedizolid has a smaller footprint than the acetamide group of linezolid and therefore binding is not affected by chloramphenicol-florfenicol resistance gene (cfr) methylation, which leads to linezolid resistance (84). Such unique structural features results in clinically meaningful attributes allowing lower dosage (200mg) and shorter duration of treatment (6 days) associated to enhanced safety tolerability and ease of use of a once daily treatment (85).  

· Addressing concerns about compliance 

Finally, the shorter duration of treatment associated with tedizolid phosphate may help address concerns about compliance. It is widely known that many patients worldwide underdose their antimicrobial medications by missing doses, taking doses at incorrect intervals, and/or by stopping therapy early (86). A literature review was conducted by the manufacturer to understand the potential benefits of the simpler and shorter-duration dosing schedule of tedizolid phosphate (once daily for 6 days) compared with the dosing schedule of linezolid (twice daily for 10-14 days). From the evidence in this review, adults are more likely to take the correct number of doses of antibiotics per day, at appropriate time intervals, and for the prescribed duration when the regimen is simpler. Adherence is higher with a once-daily dosing regimen, where the duration of treatment is approximately 5 days or less, and when patients have laboratory confirmation of the illness. 

g) State if data on the clinical benefits and adverse effects with the medicine in the indication(s) under review relative to relevant comparator(s) were available from active-controlled studies. If these were, please omit questions (h) to (m), unless further analyses (e.g. a mixed treatment comparison) have been used in the economic model. 

As described in section 3 and elsewhere in this NPAF, head-to-head comparative data on the efficacy and safety of tedizolid phosphate versus linezolid is available in the active-controlled Phase 3 studies, ESTABLISH-1 and ESTABLISH-2.  It is anticipated that tedizolid phosphate would replace linezolid in the treatment of MRSA-caused ABSSSI in NHS Scotland, where considered appropriate on the advice of a microbiologist or specialist clinician.
However, as noted in section 5d) above, there are a number of other antibiotics licensed to treat Gram-positive cSSSIs/cSSTIs, three of which (daptomycin, ceftaroline and tigecycline) have been accepted for restricted use in NHS Scotland by the SMC. Moreover, vancomycin is considered to be first-line agent of choice for infections proven or suspected to be caused by MRSA (3). There are no head-to-head studies comparing the efficacy and safety of tedizolid phosphate with any of these other active treatments. 
In the absence of head-to-head evidence, the manufacturer commissioned a systematic review (SR) and mixed-treatment comparison (MTC, underpinned by a Network Meta-Analysis (NMA)) to estimate the relative efficacy of tedizolid phosphate versus these other antibiotics in order to demonstrate therapeutic equivalence, as well as to support the pharmacoeconomic approach taken by the manufacturer (see section 6). Further details of the SR and NMA are presented in Appendix D.
h) If results from indirect or mixed treatment comparisons have been used in the economic model to define clinical benefits and adverse effects to be expected in practice with the medicine and relevant comparator(s) in the indication(s) under review, please provide an overview and brief details of the presented analysis. 

Not applicable. The economic evaluation presented in section 6 is based on the clinical data derived from the phase 3 head-to-head studies vs. linezolid. 

i) Provide a diagram of the network and details of the data sources used in the indirect or mixed treatment comparison(s) to provide evidence of clinical benefits and adverse effects. Include an assessment of the quality of the data sources and specific reasons for excluding any additional studies.

Not applicable. 

j) Provide details of any relevant differences between the data sources providing evidence of clinical benefits and adverse effects with the medicine in the indication(s) under review and those providing evidence for indirect comparator(s). These would include, but not be limited to, differences in terms of (a) patient populations; (b) baseline severity of conditions; (c) interventions; (d) any additional treatments used; (e) outcomes measured; (f) methodology; (g) length of study; (h) results; and (i) study limitations.

Not applicable. 

l)	Provide results (hazard ratios and 95% confidence or credible intervals) and where appropriate include ranking of treatments, a measure of heterogeneity or sensitivity analysis to account for heterogeneity, description of evidence consistency, use of random or fixed effects or other relevant information.

Not applicable. 

m)  	Provide a conclusion detailing any limitations in terms of the evidence synthesis or     extrapolation to the Scottish population.
	
Not applicable. 
[bookmark: Pharmaco_economic_Evaluation]
6.	Pharmaco-economic Evaluation

The economic evaluation supporting the submission can either be included below or attached as an appendix to the submission.  An appropriate economic evaluation is required for all full submissions and re-submissions, including those for medicines that will be used to treat ultra-orphan conditions. In addition, for medicines used to treat ultra-orphan conditions, please complete the summary table shown in appendix A. Please refer to the Checklist below, the Guidance to Manufacturers and the Supplement on medicines for end of life and very rare conditions for further details. 

In this section you must complete the following checklist to show in which paragraph and / or page the following points have been addressed:

	The design of the evaluation
	Page no. in submission

	1. [bookmark: _Ref284168296]
	The alternatives compared are clearly described.
	6.3.4, 6.3.5

	2. 
	The rationale for choosing the alternative programmes or interventions compared is stated.
	6.3.4, 6.3.5

	3. 
	The patient group(s) considered in the economic evaluation is (are) clearly stated and justified.
	6.3.3

	4. 
	The viewpoint of the analysis is clearly stated and justified.
	6.3.7

	5. 
	The time horizon over which costs and benefits were calculated is stated and justified.
	6.3.6

	6. 
	The primary outcome measure(s) for the economic evaluation is clearly stated and justified.
	6.3.1

	7. 
	Evidence is provided linking proxy or disease-specific outcomes to final health outcomes.
	Not applicable

	Data collection
	

	8. 
	The source(s) of effectiveness estimates used is (are) stated and cross-referenced to the clinical section of the submission.
	6.3.2, 6.4.1

	9. 
	Methods to value health states and other benefits are stated and details of the subjects from whom valuations were obtained are given.
	Not applicable

	10. 
	Quantities of resources are reported separately from their unit costs.
	6.4.2.2, 6.5, 6.6.3

	11. 
	Methods for the estimation of quantities and unit costs are described.
	6.4.2.2, 6.5, 6.6.3

	12. 
	If a model is used, the choice of approach is justified.
	6.2

	Analysis and interpretation of results
	

	13. 
	The approach to sensitivity analysis is stated.
	6.5

	14. 
	The choice of variables for sensitivity analysis and the ranges over which the variables are varied is stated and justified.
	6.5.2

	15. 
	Major outcomes are presented in a disaggregated as well as aggregated form.
	6.7

	16. 
	The relevance (generalisability) of the analysis to Scotland is discussed.
	6.8

	17. 
	Any equity implications of the analysis are discussed.
	Not applicable



Authors may enter N/A if an item on the checklist is not appropriate, but this is only acceptable for items 7, 9, 12 and 17.

[bookmark: _Toc372031281]Summary of pharmaco-economic evaluation 
	In the absence of statistically significant differences in efficacy or safety between tedizolid phosphate and linezolid as demonstrated by the non-inferiority studies, ESTABLISH-1 and ESTABLISH-2, a cost-minimisation analysis (CMA) was chosen.
A CMA was deemed the most appropriate economic evaluation because therapeutic equivalence in terms of efficacy between tedizolid phosphate and linezolid had been demonstrated in the Phase 3 randomised controlled trials, which were of non-inferiority design. A conservative approach was taken, which assumed no difference between tedizolid phosphate and its comparator in efficacy, adverse events, or tolerability.  
The CMA considered the medicine acquisition costs of tedizolid phosphate and linezolid for a course of treatment, as well as the associated costs of intravenous administration and monitoring. 
In the base case, a 6-day course of tedizolid phosphate was cost-saving in year 1 compared to a 10-day course of linezolid. 
Sensitivity analyses considered the effect of varying the relative IV/oral split, overall duration of treatment and proportion of patients monitored with linezolid. Key assumptions were derived from the Phase 3 clinical trials, network meta-analysis or the literature, and were validated by a Delphi Panel of Scottish clinicians and microbiologists.
A number of scenario analyses explored, inter alia, variations in the costs of an oral/IV regime, the impact of an OPAT service, and the length of stay in hospital prior to discharge.
In one-way sensitivity analyses and scenario analyses, treatment with tedizolid phosphate was also cost-saving, primarily as a result of the once-daily administration and shorter duration of treatment course compared to linezolid. 



6.1	Overview 

The primary objective of this analysis is to assess the cost-effectiveness of tedizolid phosphate for the treatment of MRSA-caused ABSSSIs in the NHS in Scotland in 2014.

In this analysis, a decision analytic model is used to estimate the cost-effectiveness of tedizolid phosphate in the Scottish healthcare setting in 2014 using a cost-minimisation approach. The analysis is performed for a cohort of patients with MRSA-caused ABSSSI, which is the subject of this selective submission to the SMC. Data sources used include the Phase 3 clinical studies (ESTABLISH-1 and ESTABLISH-2), published literature, official Scottish price/tariff lists and national population statistics. The model includes relevant economic measures such as resource utilisation patterns associated with outpatient and inpatient care for the treatment of ABSSSIs. The primary perspective of the study is that of the NHS in Scotland and social work. Costs used in the model are expressed in 2014 GBP Pound (£), and older costs are adjusted to 2014 costs by using an inflation correction, if necessary. 



6.2	Choice and justification of approach

A cost-minimisation approach has been adopted. This approach is both appropriate and justified for the following reasons:
(i)    Clinical equivalence between tedizolid, linezolid and other antibiotics commonly used to treat MRSA-ABSSSIs in Scotland can be assumed.
The comparator for the base case is linezolid, which is the most widely-used antibiotic in NHS Scotland for the treatment of MRSA-ABSSSIs, after initial treatment with a glycopeptide such as vancomycin. For linezolid, outcomes measured in the Phase 3 clinical studies demonstrated that tedizolid phosphate was non-inferior to linezolid on all primary and key secondary endpoints, within the pre-specified non-inferiority margin of 10%. As such, the cost-minimisation analysis (CMA) is underpinned by high quality, Phase 3 RCT evidence which demonstrates the clinical equivalence of these two active treatments.  

In addition, where there is a lack of head-to-head clinical trial data comparing tedizolid phosphate with agents other than linezolid, a network meta-analysis (see details in Appendix D) showed that there was no evidence of a difference between any of the treatments included in the network (vancomycin, linezolid, daptomycin, teicoplanin, tigecycline, telavancin, ceftaroline) for clinical response (efficacy) and discontinuation due to AE for all possible comparisons. 

(ii)	CMA is a justifiable choice when comparing treatments for infectious diseases, such as MRSA-caused ABSSSIs given the acute, episodic nature of the infection and the short duration of treatment where no difference in terms of clinical-effectiveness or long-term benefits are expected.   

(iii) The SMC has previously accepted treatments for use in NHS Scotland for similar indications where the manufacturer has presented a CMA, specifically:
· Ceftaroline vs. daptomycin and linezolid (SMC advice 830/12)65
· Daptomycin vs. vancomycin (SMC advice 248/06)61

The manufacturer has adopted a conservative approach. As described in section 4 of this NPAF, treatment with tedizolid phosphate is associated with fewer gastrointestinal adverse events than linezolid, and is not associated with either nephrotoxicity or myelosuppression (74). Nevertheless, for the purposes of this economic analysis, the manufacturer has assumed that the benefits for tedizolid phosphate and linezolid in terms of efficacy, safety and tolerability are identical. In addition, the manufacturer has conservatively assumed that the duration of a course of linezolid treatment would be only 10 days, as per the Phase 3 studies, even though the recommended licensed dose for linezolid is 10-14 consecutive days (74). 

6.3	Design of economic evaluation 

As there were no statistically significant differences in efficacy between tedizolid phosphate and linezolid, a cost minimisation approach, where costs are the only input that differ by intervention, was considered to be the most appropriate form of economic evaluation.  A cost-minimisation model was developed in Microsoft® Excel to compare the costs of tedizolid phosphate (administered by IV or orally) and linezolid (administered by IV or orally) over the duration of a full treatment course (as per their respective marketing authorisations) from the perspective of NHS Scotland and social work.



6.3.1 Desired outcome of the evaluation

The outcome measure is the cost savings associated with the use of tedizolid phosphate vs. the comparator treatment over a full course of treatment.

6.3.2 Model structure  

In this CMA, a simple decision tree analytic model has been used to demonstrate the cost-effectiveness of tedizolid phosphate for the treatment of ABSSSIs. 
[bookmark: _Ref282770370]Figure 14 shows the design of the CMA model.
Figure 14: Structure of CMA model
[image: ]
Treatment of an ABSSSI is usually initiated with IV (intravenous) antibiotics, as well as prompt and thorough incision and drainage of abscesses in addition to debridement of wounds where necessary (87). Oral antibacterials can be substituted in a step-down approach from the initial parenteral therapy in cases involving mild-to-moderate infections. However, for patients who present with severe infection or in those whose infection is progressing despite empiric therapy, it is recommended that aggressive treatment is undertaken based upon diagnosis of the infecting pathogen and drug susceptibility analysis. 
As described in section 5e) above, the initial treatment for an ABSSSI suspected or proven to be caused by MRSA is a glycopeptide, usually vancomycin (2;3;4). Initial antibiotic therapy is usually empiric and, due to the need for rapid treatment before culture and susceptibility results are available, is not based on a definite diagnosis of the infecting pathogen. 
Patients enter the model at the point at which a change in treatment is being considered when the results of the culture are available, either because vancomycin is not suitable and an alternative agent is appropriate, or because vancomycin has not been tolerated or has been unsuccessful.  It has been assumed that the patient would be hospitalised at this point. Treatment with IV tedizolid phosphate or IV linezolid would be appropriate in these circumstances. Over time, the patient could be discharged into the community on oral therapy to continue the course of treatment, perhaps through an OPAT service.

6.3.3 Patient group considered

The model consists of adult patients with Gram-positive ABSSSIs, either suspected to be or confirmed as caused by MRSA. This represents a sub-population of the ITT population in the Phase 3 clinical studies, consistent with making a selective submission to the SMC. Please refer to section 3b) (‘comparative efficacy’) and section 5 l) (iii) ‘(clinical effectiveness’) for relevant details and outcomes data in the MRSA subpopulation of ABSSSI patients.

6.3.4 Comparator
The two most commonly-used antibiotics used in NHS Scotland indicated for ABSSSI confirmed to be caused by MRSA are linezolid and vancomycin (59; 88; Scottish expert clinical opinion). This is consistent with current SAPG guidelines (3), as well as the BSAC and BNF recommendations (2;4).

From the SMC perspective, the SMC is most interested in the medicine that will most likely be replaced if the medicine under consideration (tedizolid phosphate) is accepted for use in Scotland. The medicine most likely to be replaced by the introduction of tedizolid phosphate is linezolid, not vancomycin. Linezolid was the direct comparator in the tedizolid phosphate phase 3 studies, ESTABLISH-1 and ESTABLISH-2. In ESTABLISH-1, the non-inferiority of 6 days of oral tedizolid phosphate vs. 10 days of oral linezolid was demonstrated across the primary and key secondary efficacy and safety outcomes in both the ITT and Clinically-Evaluable populations, in the pooled analysis of Phase 3 data and in a sub-population of ABSSSI patients with MRSA at baseline. ESTABLISH-2 implemented an intravenous (IV) to oral switch for both treatment arms with an otherwise similar trial design to ESTABLISH-1, with similar results. The non-inferiority margin of -10% was met on all primary and key secondary endpoints.

The CMA approach, model structure and assumptions taken from the literature were validated by Professor Ian Gould, a Consultant and Service Clinical Director for Medical Microbiology at Aberdeen Royal Infirmary (see section 6.3.8 below). Professor Gould confirmed that, in his expert clinical opinion, linezolid was the most appropriate comparator to tedizolid phosphate in accordance with Scottish clinical practice, and this is supported by the data in the Seaton paper, a study in hospitals in the Greater Glasgow and Clyde Health Board, which showed that 9.2% of patients with MRSA-confirmed ABSSSIs were treated with linezolid (see Table 3 in Seaton, 2013 20).

For the purposes of this economic analysis, the manufacturer has taken a conservative approach and assumed that the benefits for tedizolid phosphate and linezolid in terms of efficacy, safety and tolerability are identical.

6.3.5 Other interventions considered

Vancomycin, linezolid, daptomycin, teicoplanin, ceftaroline, and tigecycline (among others) are all approved for the treatment of ABSSSI and MRSA-ABSSSI (cSSTI or MRSA-associated cSSTI) in the EU. Daptomycin, ceftaroline and tigecycline have all been accepted for restricted use in NHS Scotland by the SMC but are not used frequently, if at all, in the subpopulation of ABSSSI patients or interest for this selective submission. Vancomycin and linezolid have been reported as the most commonly prescribed for MRSA-caused ABSSSIs.

[bookmark: _Ref378934021][bookmark: _Toc377727848]Initial antibiotic therapy is usually empiric (3) and, due to the need for rapid treatment before culture and susceptibility results are available, is not based on a definite diagnosis of the infecting pathogen (87). Treatment decisions to initiate empiric therapy are based on prediction of the most likely pathogens and are typically guided by local antimicrobial susceptibility patterns. Once the pathogen(s) has been confirmed, antimicrobial treatment can be modified based on the pathogen and susceptibility patterns present (87). Glycopeptides, such as vancomycin, are recommended as first choice treatment for MRSA-caused ABSSSIs in several guidelines, including the BSAC, BNF and SAPG guidelines (2;3;4). 

Professor Gould and members of the Delphi panel confirmed that initial treatment in Scottish clinical practice is empiric and that it can take up to 48 hours to confirm the underlying pathogen. They also confirmed that the BSAC and SAPG guidelines (see section 5e) are the most widely-used treatment guidelines, as well as local health board vancomycin protocols.

At a meeting held in November 2014 to validate the modelling approach and assumptions, Professor Gould confirmed that:
· Vancomycin will be first choice in NHS Scotland, particularly on the basis of its low cost;
· Linezolid will be a second choice agent where a change in therapy is required or appropriate. 

Apart from linezolid, therefore, none of these other agents are considered relevant comparators for the CMA base case. 

6.3.6 Time horizon
The time horizon for the CMA base case corresponds to the duration of antibiotic treatment, which may include the period of hospitalisation and the period after discharge related to the treatment period of the antibiotic therapy.

6.3.7 Perspective and setting
This analysis is conducted from the perspective of the NHS in Scotland and social work in line with current SMC guidelines. Due to the perspective taken, societal or indirect costs (such as the value of lost work time) are not included in the analysis. 

6.3.8 Discounting 
No discounting is applied in the base case analysis for CMA, as the time horizon of the model is shorter than one year. Similarly, because of the short duration of treatment, costs in all sensitivity and scenario analyses were discounted at 0%. 

6.3.9 Clinician input and validation 
The CMA approach, treatment comparators, model structure and assumptions derived from the literature were validated by Professor Ian Gould, Consultant and Service Clinical Director for Medical Microbiology, Aberdeen Royal Infirmary, Foresterhill, Aberdeen during a meeting on November 24, 2014. The objectives of this meeting were:

· To validate the structure of the model, the assumptions and the data sources for the health economic model.
· To provide suggestions for potential members for the Delphi members.
· To provide and/or recommend any relevant publications or unpublished research, which is relevant for the cost-effectiveness model.

A Delphi panel was also conducted with four Scottish physicians.  They were asked to answer a series of survey questions, which allowed the manufacturer to validate and confirm assumptions about treatment patterns and related resource utilisation with ABSSSIs derived from the literature or clinical guidelines. The Delphi panel was conducted in December 2014 and the following experts participated:
· Professor Alistair Leanord, Consultant Microbiologist, Southern General Hospital, Glasgow
· Dr. Abhijit Bal, Consultant Microbiologist, University Hospital Crosshouse, Kilmarnock
· Dr Alexander Mackenzie, Consultant Physician, Infection Unit & General Medicine, Emergency Care Centre, Aberdeen Royal Infirmary, Aberdeen
· Professor Gould, Consultant and Service Clinical Director; Medical Microbiology, Aberdeen

6.4 Cost minimisation model and base case 
6.4.1 Clinical data justifying CMA approach
The CMA design is based on the fact that the tedizolid phosphate clinical trials are non-inferiority studies and therefore no difference in effectiveness was demonstrated. For the purposes of this economic analysis, the benefits for tedizolid phosphate and linezolid in terms of efficacy, safety and tolerability are assumed to be identical. Consequently, the base case analysis for the CMA is based on the relative medicine drug acquisition and medicine-related costs for tedizolid phosphate and linezolid.

The base case analysis compares tedizolid phosphate with linezolid and assumes the same course of treatment for both agents as was evaluated in the Phase 3 clinical studies (ESTABLISH-1 and ESTABLISH-2). The manufacturer has assumed that patients received 2 days of IV treatment in the base case, which was the minimum duration in those studies (52). The base case analysis is based on the following days of treatment with tedizolid phosphate and linezolid, as per the Phase 3 clinical studies and as recommended by an advisory board of Scottish clinical experts:
· Tedizolid phosphate – 2 days IV treatment, followed by 4 days oral treatment (total treatment course of 6 days)
· Linezolid – 2 days IV treatment, followed by 8 days oral treatment (total treatment course of 10 days)

It is important to note that, whereas tedizolid phosphate is expected to be licensed for a 6-day course of treatment, the licensed dose recommended for linezolid is 10-14 consecutive days (74). 10 days is, therefore, the shortest duration of treatment of linezolid permitted under its marketing authorisation.
100% compliance was also assumed in the base case (that is, it was assumed that all patients completed the full course of treatment, whether 6 days or 10 days and whether administered as IV or oral therapy).
6.4.2 Costs
Because equivalent efficacy has been assumed between tedizolid phosphate and linezolid based on the Phase 3 study outcomes data, the only differentiating variables for consideration in the CMA are:

· Medicine acquisition costs
· The costs associated with administering the medicine
· The costs associated with monitoring and follow up, if applicable. 
The model base case considers all three of these components, the sum of which generates a total cost per product over a full course of antibiotic treatment. 
Waste is not included in the base case analysis. 

6.4.2.1 Medicine acquisition costs 

The medicine acquisition costs relevant to the base case are shown in Table 44. As described in section 6.4.1 above, the length of the course of treatment is based on the comparative Phase 3 clinical studies (6 days vs. 10 days), not on the marketing authorisation, which recommends 10-14 consecutive days treatment for linezolid (74).
[bookmark: _Ref282966836]Table 44: Medicine acquisition costs – CMA base case 
	Medicine

	Formulation

	Dose (mg)

	Cost/ dose

	Number of doses per day

	Cost/ day

	Duration of treatment (days)a

	Total cost/ course of treatment


	Tedizolid phosphate
	IV/oral
	200
	£150.00b
	1
	£150.00b
	6
	£900.00

	Linezolid
	IV/oral
	600
	£44.50
	2
	£89.00c
	10
	£890.00


a As per the Phase 3 clinical studies, ESTABLISH-1 and ESTABLISH-2.
b Expected NHS list price pending receipt of marketing authorisation and confirmation from the Department of Health.
c Zyvox (Pharmacia). Intravenous infusion, linezolid 2 mg/mL, net price 300-mL Excel® bag = £44.50. Zyvox (Pharmacia) Tablets, f/c, linezolid 600 mg, net price 10-tab pack = £445.00. Label: 9, 10, patient information leaflet Suspension, yellow, linezolid 100 mg/5 mL when reconstituted with water, net price 150 mL (orange-flavoured) = £222.50. Label: 9, 10 patient information leaflet. MIMS. Last accessed 25 January 2015.
6.4.2.2 Costs of administration 
Tedizolid phosphate requires reconstitution for IV administration, which incurs the cost of reconstitution fluids (sterile water and sodium chloride), as well as both pharmacist and pharmacy technician time to prepare the infusion. Linezolid does not require reconstitution and, therefore, incurs reduced pharmacy technician time, although its dispensing will still involve the time of both pharmacist and pharmacy technician. IV formulations of both linezolid and tedizolid phosphate are typically administered by a nurse. Linezolid requires twice-daily administration; tedizolid phosphate is administered once-daily.

For the purposes of calculating the administration costs, the manufacturer has assumed that the pharmacist and technician would prepare sufficient antibiotic administrations once a day only for that particular day (i.e. the personnel time involved in preparation would be the same for both tedizolid phosphate and linezolid). 

The cost of a nurse to undertake the actual administration, however, is assumed to be once per day for tedizolid phosphate and twice per day for linezolid.

The unit personnel costs are taken from the PSSRU (89), while the cost of materials are taken from the BNF. Personnel time has been derived from a paper by Pettigrew, which detailed specifically the time associated with administrating and monitoring IV antibiotic treatments (90). The unit costs and personnel time associated with product administration are presented in Table 45. From the Pettigrew paper, the time for tedizolid phosphate reconstitution was assumed by using the reconstitution time for vancomycin as a proxy. Pharmacy technician time for preparation of linezolid was also given. The time estimates outlined in Pettigrew were deemed reasonable and appropriate to UK clinical practice by a UK pharmacist with expertise in IV administration. 
[bookmark: _Ref283224683]Table 45: Administration Costs – CMA base case
	Type of cost
	Unit cost
	Quantity
	Total
	Reference or source
	Total costs per administration
	Total costs per day

	Administration costs associated with tedizolid phosphate

	10 mL vial of sterile water
	£1.40
	1
	£1.40
	BNFa

	




£33.14
	




£33.14



	250 mL bag of 0.9% sodium chloride (2 x 100 mL+2x25mL)
	£2.07
	1
	£2.07
	BNFb
	
	

	Pharmacist time
	£60.00 per hour
	0.167c
	£10.00
	PSSRU 2014, p. 240; Pettigrew 2012
	
	

	Pharmacy technician
	£34.00 per hourd
	0.167c
	£5.67
	PSSRU 2014 p.247; Pettigrew 2012
	
	

	Nurse time 
	£84.00 per hour
	0.167c
	£14.00
	PSSRU 2014 p.247; Pettigrew 2012
	
	

	Administration costs associated with linezolid

	Pharmacist time
	£60.00 per hour
	0.167c
	£10.00
	PSSRU 2014 p.240; Pettigrew 2012
	


£25.70
	


£39.70



	Pharmacy technician time
	£34.00 per hourd
	0.05e
	£1.70
	PSSRU 2014 p.247; Pettigrew 2012
	
	

	Nurse time 
	£84.00 per hourf
	0.167c
	£14.00 x 2
	PSSRU 2014 p.247; Pettigrew 2012
	
	


a http://www.evidence.nhs.uk/formulary/bnf/current/9-nutrition-and-blood/92-fluids-and-electrolytes/922-parenteral-preparations-for-fluid-and-electrolyte-imbalance/9221-electrolytes-and-water/water/water-for-injections
b http://www.evidence.nhs.uk/formulary/bnf/current/13-skin/1311-skin-cleansers-antiseptics-and-desloughing-agents/13111-alcohols-and-saline/sodium-chloride
c Equal to 10 minutes per day 
d Assumed to be equivalent to nurse time for not patient-related contact activities, page 247, PSSRU, 2014.
e Equal to 3 minutes per day
f Assumed to be nurse-time comprising patient-related clinical contact time, page 247, PSSRU 2014.
6.4.2.3 Costs of monitoring

In this analysis, medicine monitoring costs have been included for linezolid, but not for tedizolid phosphate. The justification for this is that monitoring is a specific requirement of the linezolid marketing authorisation, but is not listed as a requirement in the SmPC for tedizolid phosphate, and is not expected to be a requirement of the marketing authorisation, once granted. 
According to the SmPC and in line with Scottish regional guidelines (75), linezolid should be administered to specified groups of patients at higher risk of the effects of myelosuppression only when close monitoring of haemoglobin levels, blood counts and platelet counts is possible (74;75). In addition, the SmPC recommends that complete blood counts should be monitored weekly regardless of baseline blood levels (74). There is no such requirement for tedizolid phosphate. Consequently, the cost of weekly monitoring for linezolid (on day 1 and day 8 of treatment) has been incorporated into the base case.

The monitoring costs for linezolid include the cost of the laboratory test itself as well as phlebotomist time. The type and cost of the laboratory tests themselves are derived from the SmPC and from Scottish data sources. The time component has been derived from Pettigrew. Any nurse time associated with vital sign monitoring was excluded from the calculation, as the manufacturer assumed that vital sign monitoring would be included as part of the nurse's usual standard check on all patients. 
These monitoring costs are presented in Table 46.
[bookmark: _Ref284020717]Table 46: Monitoring costs for linezolid – CMA base case 
	Item
	Unit cost
	Time spent  (minutes)

	Cost per monitor session 
	Number of monitoring sessionsa 
	Cost per course of treatment
	Total cost of monitoring per course of treatment

	Phlebotomist time  
	£34.00 per hourb
	8.00c
	£4.53
	2
	£9.07
	£50.91

	Laboratory testsd
	

	FBC
	£5.23
	-
	£5.23
	2
	£10.46
	

	LFT2
	£5.23
	-
	£5.23
	2
	£10.46
	

	U&Es
	£5.23
	-
	£5.23
	2
	£10.46
	

	Lactate
	£5.23
	-
	£5.23
	2
	£10.46
	


a Assumes weekly monitoring, so day 1 of treatment and day 8 of treatment.
b PSSRU, 2014, page 247 assuming equivalence with nurse non patient-related contact time
c Pettigrew, 2012.
d Laboratory tests: http://www.isdscotland.org/Health-Topics/Finance/Costs/File-Listings-2014.asp#1338 

6.4.3 Utility values

The CMA does not include utility values as similar efficacy and safety (and mortality) outcomes would not lead to different QALYs.

A summary of the base case inputs and parameters is presented in Table 47.

[bookmark: _Ref283048005]Table 47: Cost minimisation analysis base case - summary of inputs and key variables 

	Input/variable
	Value given
	Justification or source 

	Medicine costs

	Course of treatment – tedizolid phosphate
	2 days of IV, followed by 4 days of oral 
	Phase 3 clinical studies.

	Course of treatment – linezolid
	2 days of IV, followed by 8 days of oral 
	Phase 3 clinical studies. 

	Administration and monitoring costs

	Cost of a peripherally inserted central catheter (PICC) for IV administration
	Not included
	Patients would already have IV access following first-line treatment.

	Cost of administration for tedizolid phosphate - cost of fluids, pharmacist, technician and nurse time
	£33.14 per administration 
	BNF; PSSRU costs 2014; Pettigrew, 2012; See Table 45 above.

	Cost of administration of linezolid – pharmacist, technician and nurse time
	£25.70 per administration 
	PSSRU costs 2013; See Table 45 above.

	Number of dose administrations per day 
	Tedizolid phosphate – once daily
Linezolid – twice daily
	

	Monitoring costs

· Laboratory tests
· Phlebotomist time
	Included for linezolid only

£50.91 per course of treatment
	See Table 46 above.

Pharmacia, Zyvox SmPC; Pettigrew 2012; PSSRU, 2014

	Compliance
	It is assumed that all patients would complete the full course of treatment
	

	Cost of adverse events 
	Not included
	The types of adverse events are similar with most first-line medications. The potential costs of treatment associated with the adverse events are not expected to be substantial.

	Length of stay in hospital
	Not included
	 - 

	Hospitalisation costs
	Not included
	 - 

	Utility values
	Not applicable
	


6.5	Sensitivity analyses  

The CMA is based on medicine acquisition and associated administration and monitoring costs for tedizolid phosphate and linezolid according to dosage, daily medicine price and duration of treatment. Therefore, the options for conducting sensitivity analyses of key variables are somewhat limited.

The CMA design is based on the fact that the tedizolid phosphate clinical studies are non-inferiority studies. Therefore no difference in distributions of the input variables of the model is expected, and consequently a probabilistic sensitivity analysis is not relevant.

Three one-way sensitivity analyses have been undertaken: 

(i) Sensitivity analysis 1 varies the number of days’ treatment of IV vs. oral therapy
(ii) Sensitivity analysis 2 varies the overall length of a course of treatment. In ESTABLISH-1, 6 days of oral tedizolid phosphate was as effective as 10 days of oral linezolid. However, linezolid is licensed for a maximum treatment duration of 28 days, with a dose of 600mg twice daily for 10-14 consecutive days as the recommended dose for cSSTIs (74). These sensitivity analyses are designed to evaluate the differences in drug acquisition and administration costs if the course of treatment was shorter or longer than that compared in the Phase 3 clinical studies; 
(iii) Sensitivity analysis 3 varies the proportion of linezolid patients who receive monitoring in accordance with the requirements of the SmPC. 

6.5.1. Clinical data inputs

As described for the base case in section 6.4.1.

6.5.2 Medicine acquisition costs

The respective costs per dose of tedizolid phosphate and linezolid are as described for the base case in Table 44. However, the overall or total cost of a course of treatment changes according to the variable being changed in each of sensitivity analyses.

6.5.3 Other costs and resource use

As described for the base case in section 6.4.2. 

6.6	Scenario analyses  

Finally, a number of scenario analyses have been carried out. The scenarios are as follows:

Scenario 1
· 6 days of IV for both treatments and 10 days overall treatment of linezolid
	Tedizolid phosphate - 6 days IV
	Linezolid - 6 days IV; 4 days oral
	
Scenario 2
· 6 days of IV for both treatments and 10 days overall treatment of linezolid
	Tedizolid phosphate - 6 days IV
	Linezolid - 6 days IV 4 days OPAT

Scenario 3 
· 6 days of IV for both treatments and 12 days overall treatment of linezolid
	Tedizolid phosphate - 6 days IV	
	Linezolid - 6 days IV; 6 days oral
	
Scenario 4
· 6 days of IV for both treatments and 12 days overall treatment of linezolid
	Tedizolid phosphate - 6 days IV	
Linezolid - 6 days IV 6 days OPAT

Scenario 5
· 6 days of IV for both treatments and 14 days overall treatment of linezolid
	Tedizolid phosphate - 6 days IV
	Linezolid - 6 days IV; 8 days oral

Scenario 6
· 6 days of IV for both treatments and 14 days overall treatment of linezolid
	Tedizolid phosphate - 6 days IV
	Linezolid - 6 days IV 8 days OPAT

Note: The OPAT costs are based on daily cost regardless of number of administrations per day (i.e. once daily for tedizolid phosphate and twice daily for linezolid).  

Scenarios 7 and 8
· Inclusion of length of stay in hospital and its associated costs

6.6.1	Clinical data inputs

These scenario analyses are based on the same clinical data inputs as for the base case.
6.6.2	Costs

6.6.2.1	Medicine acquisition costs and other costs 

As for the bases case, scenarios 1-6 are based primarily on the medicine acquisition costs for tedizolid phosphate and linezolid, and on the associated administration and monitoring costs. These costs have already been summarised in Table 44, Table 44 and Table 45.

Outpatient costs have also been included in some scenarios exploring the cost of IV to oral switch and early discharge from hospital. These include, for example, daily medicine acquisition costs, a physician outpatient visit and daily outpatient parenteral antibiotic therapy (OPAT) costs.

Outpatient Parenteral Antimicrobial Therapy (OPAT)
Recently published Department of Health (England) antimicrobial stewardship guidance recommends a 48-h review after the commencement of inpatient antibiotic therapy, with consideration of switching from IV to oral or assessment of suitability for outpatient parenteral antibiotic therapy (OPAT). OPAT costs assumed an established service and used an OPAT MRSA cohort data treated with teicoplanin 1,000 mg for 3 days followed by three times per week (estimated number of clinic visits/day: 0.5, number of clinic visits: 7.0 and length of clinic visit: 60 min with one consultant outpatient review)(Seaton, 2013). Although this OPAT service included a patient cohort that was treated with teicoplanin (which is not an appropriate comparator for tedizolid phosphate in the treatment of MRSA-caused ABSSSIs), the Seaton paper does provide a direct source of OPAT costs in NHS Scotland and has been selected as the appropriate reference source for that reason.   

Cost per day
· Outpatient Antimicrobial Therapy (OPAT). Economic Case Study (2011-2012). Lindsay Semple, NHS Greater Glasgow and Clyde reported £26 per day.
· Seaton 2013 (20): OPAT costs assumed an established service and used an OPAT MRSA cohort data treated with teicoplanin 1,000 mg for 3 days followed by three times per week (estimated number of clinic visits/day: 0.5, number of clinic visits: 7.0 and length of clinic visit: 60 min with one consultant outpatient review). 

Assuming 0.5 visits per day and 60 minutes fee of £47.03 for a general physician, the cost of OPAT per day becomes 0.5 x 47.03 = £23.52, which is close to the £26 reported above. The scenario analysis is therefore based on £26 per day in 2012, which becomes £26.65 after adjustment for inflation. (http://www.rateinflation.com/inflation-rate/uk-historical-inflation-rate).  


6.7 Results

6.7.1 Base case

The base case analysis is based on the following days of treatment with tedizolid phosphate and linezolid, as per the Phase 3 clinical studies and as per recommended in the advisory board:
· Tedizolid phosphate - 2 days IV; 4 days oral
· Linezolid - 2 days IV; 8 days oral

The use of tedizolid phosphate results in costs of £966.27 and linezolid in costs of £1,020.31, leading to a cost saving of £54.03 for the tedizolid phosphate treatment strategy (see Table 48). The cost saving results largely from the difference in administration costs (£13.13) and monitoring costs (£50.91).
[bookmark: _Ref284251907]Table 48: Results – base case analysis
	
	Drug costa

	Administration costsa
	Monitoring 
costsa
	Total costs


	Tedizolid phosphate 
	£900.00
	£66.27
	£0.00
	£966.27

	Linezolid
	£890.00
	£79.40
	£50.91
	£1,020.31

	
	
	
	
	

	Difference
	£10.00
	-£13.13
	-£50.91
	-£54.03


a Assumes a 6 day treatment course for tedizolid phosphate and a 10 day treatment course for linezolid
 
Treatment with tedizolid phosphate results in a decrease in costs over linezolid in the base case. However, this is based on the conservative assumption that (i) there would be only 2 days of IV treatment, and (ii) the duration of linezolid treatment would be only 10 days in total (as per the Phase 3 clinical studies), whereas the recommended treatment duration according to the linezolid SmPC is 10-14 days (i.e. the base case assumes the shortest duration of linezolid treatment permitted under its marketing authorisation). This assumption is explored further in the sensitivity analyses (see section 6.7.2 below). 

6.7.2 One way sensitivity analyses 

6.7.2.1	Varying parameter of proportion of days on IV vs oral treatment 

A sensitivity analysis was performed on the number of days with IV vs. oral treatment for both products. The base case analysis assumes 2 days of IV treatment followed by 8 days of oral treatment. This assumption was varied to determine what the impact would be on the cost of a course of treatment overall if the number of days on IV treatment was extended to 3, 4, 5, or 6 days. 

The results show that the cost savings associated with tedizolid phosphate increase the greater the proportion of IV days to oral days in the linezolid 10-day course of treatment (see Table 49).

[bookmark: _Ref284426389]Table 49: Results – sensitivity analysis on number of IV days 

	
	Drug costs
	Administration costs

	Monitoring 
costs
	Total costs


	IV – 3 days
	

	Tedizolid phosphate
	£900.00
	£99.41
	£0.00
	£999.41

	Linezolid
	£890.00
	£119.10
	£50.91
	£1,060.01

	Difference
	£10.00
	-£19.69
	-£50.91
	-£60.60

	
	
	
	
	

	IV – 4 days
	

	Tedizolid phosphate
	£900.00
	£132.55
	£0.00
	£1,032.55

	Linezolid
	£890.00
	£158.80
	£50.91
	£1,099.71

	Difference
	£10.00
	-£26.25
	-£50.91
	-£67.16

	
	
	
	
	

	IV – 5 days
	

	Tedizolid phosphate
	£900.00
	£165.68
	£0.00
	£1,065.68

	Linezolid
	£890.00
	£198.50
	£50.91
	£1,139.41

	Difference
	-£19.60
	-£32.82
	-£50.91
	-£73.72

	
	
	
	
	

	IV – 6 days
	

	Tedizolid phosphate
	£900.00
	£198.82
	£0.00
	£1,098.82

	Linezolid
	£890.00
	£238.20
	£50.91
	£1,179.11

	Difference
	£10.00
	-£39.38
	-£50.91
	-£80.29



6.7.2.2	Varying parameter of overall length of treatment 

A second sensitivity analysis was performed on the overall duration of treatment for linezolid. The base case analysis assumes 2 days of IV treatment followed by 8 days of oral treatment, ten days in total. However, the marketing authorisation for linezolid recommends a treatment course of 10-14 consecutive days. An analysis was undertaken to evaluate the effect of extending the overall duration of treatment with linezolid from 10 to 12 and 14 days. 

[bookmark: _Ref283843062][bookmark: _Ref283276603]As noted previously, linezolid monitoring would be carried out on a weekly basis (74;75) that, for the purposes of this analysis, has been assumed will take place on day 1 and day 8. The results show that tedizolid phosphate is cost saving for treatment courses of 12 and 14 days in total, with the size of the saving increasing the longer the course of linezolid treatment (see Table 50).
[bookmark: _Ref284426429][bookmark: _Ref284251962]Table 50: Results – sensitivity analysis on overall length of linezolid treatment 

	
	Drug costs
	Administration
costs
	Monitoring 
costs
	Total costs


	IV – 2 days
Oral – 10 days - 12 days total
	

	Tedizolid phosphate
	£900.00
	£66.27
	£0.00
	£966.27

	Linezolid
	£1,068.00
	£79.40
	£50.91
	£1,198.31

	Difference
	-£168.00
	-£13.13
	-£50.91
	-£232.03

	
	
	
	
	

	IV – 2 days
Oral – 12 days - 14 days total
	

	Tedizolid phosphate
	£900.00
	£66.27
	£0.00
	£966.27

	Linezolid
	£1,246.00
	£79.40
	£50.91
	£1,376.31

	Difference
	-£346.00
	-£13.13
	-£50.91
	-£410.03



6.7.2.3	Varying proportion of linezolid patients with monitoring 

A third sensitivity analysis was performed on the proportion of patients on linezolid treatment who would receive monitoring in accordance with the linezolid SmPC and NHS Scotland health board guidelines.  The base case analysis assumes that all patients on linezolid will have monitoring. An analysis was undertaken to evaluate the effect of only 60% or 80% of linezolid patients receiving weekly monitoring.
 
The results show that tedizolid phosphate remains cost saving in both sensitivity analyses (see Table 51).
[bookmark: _Ref283843621]Table 51: Results – sensitivity analysis on proportion of linezolid patients being monitored
	
	Drug costs
	Administration
costs
	Monitoring 
costs
	Total costs


	60%  of patients 
	

	Tedizolid phosphate
	£900.00
	£66.27
	£0.00
	£966.27

	Linezolid
	£890.00
	£79.40
	£30.54
	£999.94

	Difference
	£10.00
	-£13.13
	-£30.54
	-£33.67

	
	
	
	
	

	80% of patients
	

	Tedizolid phosphate
	£900.00
	£66.27
	£0.00
	£966.27

	Linezolid
	£890.00
	£79.40
	£40.73
	£1,010.13

	Difference
	£10.00
	-£13.13
	-£40.73
	-£43.85



6.7.3	Scenario analyses

The results of the scenario analyses are presented in Tables 52-59 below.

Scenario 1: 6 days of IV and 10 days overall treatment of linezolid 
	Tedizolid phosphate - 6 days IV
	Linezolid - 6 days IV; 4 days oral

The use of tedizolid leads to costs of £1,098.82 and linezolid to costs of £1,179.11, a cost saving of £80.29 (Table 52).
[bookmark: _Ref283055531]Table 52: Results – scenario 1

	
	Drug cost

	Administration costs
	Monitoring 
costs
	Total costs


	Tedizolid phosphate
	£900.00
	£198.82
	£0.00
	£1,098.82

	Linezolid
	£890.00
	£238.20
	£50.91
	£1,179.11

	
	
	
	
	

	Difference
	£10.00
	-£39.38
	-£50.91
	-£80.29



Scenario 2: 6 days of IV and 10 days overall treatment of linezolid
	Tedizolid phosphate - 6 days IV
	Linezolid - 6 days IV 4 days OPAT

The use of tedizolid phosphate leads to costs of £1,098.82 and linezolid to costs £1,285.71, leading to total savings of £186.89, largely because of the additional costs of £106.60 for linezolid for ambulatory care (OPAT)(Table 53). 
[bookmark: _Ref283055634]Table 53: Results – scenario 2
	
	Drug cost

	Administration costs
	Monitoring 
costs
	OPAT 
costs
	Total costs


	Tedizolid phosphate
	£900.00
	£198.82
	£0.00
	£0.00
	£1,098.82

	Linezolid
	£890.00
	£238.20
	£50.91
	£106.60
	£1,285.71

	
	
	
	
	
	

	Difference
	£10.00
	-£39.38
	-£50.91
	-£106.60
	-£186.89




Scenario 3: 6 days of IV and 12 days overall treatment of linezolid
	Tedizolid phosphate - 6 days IV	
	Linezolid - 6 days IV; 6 days oral

The use of tedizolid phosphate leads to costs of £1,098.82 and linezolid to costs £1,357.11, resulting in total savings of £258.29 (Table 54).
[bookmark: _Ref283055776]Table 54: Results – scenario 3

	
	Drug cost

	Administration costs
	Monitoring 
costs
	Total costs


	Tedizolid phosphate
	£900.00
	£198.82
	£0.00
	£1,098.82

	Linezolid
	£1,068.00
	£238.20
	£50.91
	£1,357.11

	
	
	
	
	

	Difference
	-£168.00
	-£39.38
	-£50.91
	-£258.29




Scenario 4: 6 days of IV and 12 days overall treatment of linezolid
	Tedizolid phosphate - 6 days IV	
	Linezolid - 6 days IV 6 days OPAT

The use of tedizolid phosphate leads to costs of £1,098.82 and linezolid to costs of £1,517.01 (largely because of the additional costs of £159.90 for ambulatory care (OPAT), resulting in total savings of £418.19 (Table 55).
[bookmark: _Ref284426461]Table 55: Results – scenario 4

	
	Drug cost

	Administration costs
	Monitoring 
costs
	OPAT 
costs
	Total costs


	Tedizolid phosphate
	£900.00
	£198.82
	£0.00
	£0.00
	£1,098.82

	Linezolid
	£1,068.00
	£238.20
	£50.91
	£159.90
	£1,517.01

	
	
	
	
	
	

	Difference
	-£168.00
	-£39.38
	-£50.91
	-£159.90
	-£418.19



Scenario 5: 6 days of IV and 14 days overall treatment of linezolid
	Tedizolid phosphate - 6 days IV
	Linezolid - 6 days IV; 8 days oral

The use of tedizolid phosphate leads to costs of £1,098.82 and linezolid to costs of £1,535.11, resulting in total savings of £436.29 (Table 56).
[bookmark: _Ref283056012]Table 56: Results – scenario 5

	
	Drug cost

	Administration costs
	Monitoring 
costs
	Total costs


	Tedizolid phosphate
	£900.00
	£198.82
	£0.00
	£1,098.82

	Linezolid
	£1,246.00
	£238.20
	£50.91
	£1,535.11

	
	
	
	
	

	Difference
	-£346.00
	-£39.38
	-£50.91
	-£436.29



Scenario 6: 6 days of IV and 14 days overall treatment of linezolid
	Tedizolid phosphate - 6 days IV
	Linezolid - 6 days IV; 8 days OPAT

The use of tedizolid phosphate leads to costs of £1,098.82 and linezolid to costs £1,748.31 (largely because of the additional costs of £436.29 for ambulatory care (OPAT)), resulting in total savings of £649.49 (

[bookmark: _Ref283056154]Table 57).

Table 57: Results – scenario 6

	
	Drug cost

	Administration costs
	Monitoring 
costs
	OPAT 
costs
	Total costs


	Tedizolid phosphate
	£900.00
	£198.82
	£0.00
	£0.00
	£1,098.82

	Linezolid
	£1,246.00
	£238.20
	£50.91
	£213.20
	£1,748.31

	
	
	
	
	
	

	Difference
	-£346.00
	-£39.38
	-£50.91
	-£213.20
	-£649.49



Scenarios 7 and 8: Inclusion of hospital length of stay and its associated costs

In scenario 7, the hospital length of stay (LOS) is based on an average 5.75 days of LOS (based on the Delphi panel) for second-line treatment. The use of tedizolid phosphate leads to costs of £4,454.80 and linezolid to costs £4,508.83, resulting in a cost saving of £54.03. This is similar to the base case analysis, because hospitalisation costs are assumed to be the same for both tedizolid phosphate and linezolid (Table 58).
[bookmark: _Ref283065079]Table 58: Results – scenario 7

	
	Drug costs
	Administration costs 
	Monitoring 
costs
	Hospitalisation costs 
	Total costs

	Tedizolid phosphate
	£900.00
	£66.27
	£0.00
	£3,488.53
	£4,454.80

	Linezolid
	£890.00
	£79.40
	£50.91
	£3,488.53
	£4,508.83

	
	
	
	
	
	

	Difference
	£10.00
	-£13.13
	-£50.91
	£0.00
	-£54.03



In scenario 8, the LOS is based on a full course of treatment (6 days for tedizolid phosphate and 10 days for linezolid); that is, it is assumed that the full course of treatment is administered in an inpatient setting, only following which the patient is discharged. This is a plausible clinical scenario according to the Eckmann paper (82). 

The use of tedizolid phosphate leads to costs of £4,739.02 and linezolid to costs £7,404.91, resulting in cost savings of £2,665.89. This is because of the lower hospitalisation costs associated with a shorter course of treatment with tedizolid phosphate (Table 59).
[bookmark: _Ref283065231]Table 59: Results – scenario 8
	
	Drug costs
	Administration costs 
	Monitoring 
costs
	Hospitalisation costs
	Total costs

	Tedizolid phosphate
	£900.00
	£198.82
	£0.00
	£3,640.20
	£4,739.02

	Linezolid
	£890.00
	£397.00
	£50.91
	£6,067.00
	£7,404.91

	
	
	
	
	
	

	Difference
	£10.00
	-£198.18
	-£50.91
	-£2,426.80
	-£2,665.89




6.8	Discussion and conclusions

In this economic evaluation, a decision analytic model is used to estimate the cost-effectiveness of tedizolid phosphate in the Scottish health care setting in 2014. The analysis is performed for a cohort of patients with MRSA-caused ABSSSI. A cost-minimisation analysis was deemed appropriate for this health economic analysis due to the tedizolid phosphate clinical studies being of a non-inferiority design. In both Phase 3 studies, 6 days of tedizolid phosphate was non-inferior to 10 days of linezolid. In addition, a network analysis showed that there was no evidence of a difference between any of the treatments licensed for use in Scotland to treat cSSTIs/ ABSSSIs for clinical response (efficacy) or discontinuation due to adverse events.

The base case CMA assumed the following days of treatment with tedizolid phosphate and linezolid, as per clinical trials and as per recommended in the advisory board:
· Tedizolid phosphate – 2 days IV; 4 days oral
· Linezolid – 2 days IV; 8 days oral
The base case includes medicine acquisition costs, as well as associated applicable administration and monitoring costs, and assumes a full course of treatment. A number of scenario analyses consider the impact of OPAT services, length of stay in hospital, the relative costs of varying the proportion of IV and oral treatment, and the proportion of patients being monitored in accordance with the linezolid marketing authorisation. 
Treatment with tedizolid phosphate results in a decrease in costs over linezolid in the base case, of £54.03 per course of treatment (that is, tedizolid phosphate is cost saving compared to linezolid). Although this represents a modest cost saving, the base case is based on the conservative assumption that the duration of the linezolid course of treatment would be only 10 days in total (as per the Phase 3 clinical studies), whereas the recommended treatment duration according to the linezolid SmPC is 10-14 days (i.e. the base case assumes the shortest duration of linezolid treatment permitted under its marketing authorisation). This assumption is explored further in sensitivity analyses, where tedizolid phosphate was also found to be a cost-saving treatment strategy. 
Scenario analyses included various treatment strategies for the use of tedizolid phosphate and linezolid (duration of days and split between IV and oral treatment days). Tedizolid phosphate was cost saving in all scenarios; the magnitude of the cost saving increased the longer the duration of linezolid treatment and the greater the proportion of days on IV vs. oral therapy (the former being associated with longer periods of hospitalisation). 
Because the CMA is based on the results of non-inferiority studies, the manufacturer assumed no difference between tedizolid phosphate and linezolid in terms of any of the following variables: safety and adverse events; tolerability; drug-to-drug interactions (DDIs).  As described in sections 4 and 5, although the safety profile was comparable between the two agents, treatment with tedizolid phosphate was associated with numerically fewer gastrointestinal adverse events than linezolid, does not require additional monitoring for nephrotoxicity (unlike linezolid) and is not associated with myelosuppression or common DDIs over a 6 day course of treatment. If the costs of any one of these variables had been taken into account in the economic evaluation, tedizolid phosphate would be expected to be more cost-effective and, in most cases, cost saving compared to linezolid. 

The expected length of stay in a hospital setting (as opposed to the length of the treatment course) has been excluded from the CMA, although it was explored in a scenario analysis. Although there is some emerging data to suggest that the shorter duration treatment course associated with tedizolid phosphate could lead to reductions in the length of time in hospital, this cannot be quantified at the present time, and so was not included in the base case.

The results of the CMA and the additional analyses are believed to be representative of clinical practice in NHS Scotland. The manufacturer has used Scottish statistics wherever possible and appropriate, and drew on the analysis of treatment patterns in the Greater Glasgow and Clyde area described in the paper by Seaton et al (20). Any variables that could not be determined from the Phase 3 studies or the published literature, were discussed and validated by Scottish clinical experts, either through the Delphi panel, an advisory board or via the validation meeting held with Professor Ian Gould of Aberdeen. 


[bookmark: Resource_Implications]
7.	Resource implications 

As part of SMC process, you are required to complete a standardised Excel template to show an estimate of the budget impact associated with introduction of your product. The budget impact template must also be completed for medicines meeting the ultra-orphan definition. In the event of an accepted or restricted accepted decision being made by SMC, the completed template will be shared in confidence with NHS Boards. 

The current version of the budget impact template can be downloaded from the SMC website using the following link: Budget Impact Template

The Excel workbook contains full guidance notes for completion. On completion, the results should be copied into the appropriate sections below and the completed Excel workbook must be returned to the SMC Secretariat alongside the completed NPAF at the same time as the submission is made. Failure to do so may result in a delay to the scheduling of the submission through the SMC process. Please ensure you return the template as a separate Excel file; do not embed the completed budget impact template within the completed NPAF. 

a) Copy and paste the net budget impact result table from the “Summary” spreadsheet within the SMC budget impact template. Where a Patient Access Scheme (PAS) has been proposed, results tables should be provided separately for with- PAS and without- PAS scenarios. 

The manufacturer has prepared two versions of the budget impact analysis, the difference between the two being the basis of the calculation for the estimated number of patients expected to be eligible for treatment with linezolid (sic). Because tedizolid phosphate is expected to replace the use of linezolid in patients in NHS Scotland with MRSA-caused ABSSSIs, the estimated “linezolid population” (that is, the percentage of patients who are being prescribed linezolid for MRSA-caused ABSSSI) is the same population who would be eligible for treatment with tedizolid phosphate.

In the base case budget impact analysis, the manufacturer has assumed that 10% of patients in Scotland with MRSA-caused ABSSSI would be eligible for treatment with tedizolid phosphate. In the economic evaluation undertaken by Seaton et al., 9.2% of patients in the Greater Glasgow and Clyde area with MRSA-caused infections were prescribed oral linezolid (see Table 3, Seaton 2013 20). This could be an underestimate of the potential for linezolid as this percentage excludes IV linezolid; however, the manufacturer has potentially over-estimated the generalisability of Greater Glasgow and Clyde prescribing practices to Scotland as a whole. 

It should also be noted that the patient population evaluated in the Seaton paper was a population with cSSTIs, rather than ABSSSI. Patients with infected ulcers were removed from the manufacturer’s budget impact calculation, as these are expressly excluded from the current definition of ABSSSI (7). Secondly, the time period in the Seaton study was 16 months; the manufacturer has, therefore, applied a factor to calculate the annual number of patients.

Therefore, the manufacturer used 10% as an appropriate percentage (rounding up the 9.2%), which gives ~43 patients in year 1 who would be eligible for tedizolid phosphate (or ~39 patients once mortality has been taken into account). 

[bookmark: _Ref283044623][bookmark: _Ref283067859]The base case analysis leads to a negative net budgetary impact (that is, cost savings) ranging from £109 in year 1 to £900 in year 5.The estimated net budget impact for the base case is presented below as Table 60.


Table 60: Base case – estimated net budget impact

	 
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	Medicine acquisition cost per patient per annum
	£900
	£900
	£900
	£900
	£900

	ADD: Supportive medicines cost per patient per annum
	£0
	£0
	£0
	£0
	£0

	GROSS ADDITIONAL MEDICINES COSTS PER PATIENT PER ANNUM
	£900
	£900
	£900
	£900
	£900

	LESS: Displaced medicines cost per patient per annum
	(890)
	(890)
	(890)
	(890)
	(890)

	NET ADDITIONAL MEDICINES (SAVINGS)/COSTS
	£10.00
	£10.00
	£10.00
	£10.00
	£10.00

	 
	 
	 
	 
	 
	 

	Number of patients treated in each year
	2
	6
	10
	14
	18

	BUDGET IMPACT (new medicine and supportive medicine costs only)
	£1,814
	£5,441
	£9,068
	£12,696
	£16,323

	BUDGET IMPACT - NET MEDICINE COSTS
	£20
	£60
	£101
	£141
	£181

	 
	 
	 
	 
	 
	 

	OTHER (SAVINGS)/COSTS
	 

	(Savings)
	(103)
	(308)
	(513)
	(718)
	(923)

	Costs
	-£26
	-£79
	-£132
	-£185
	-£238

	Total other (savings)/costs
	-£129
	-£387
	-£645
	-£903
	-£1,161

	 
	 
	 
	 
	 
	 

	NET TOTAL BUDGET IMPACT
	-£109
	-£327
	-£544
	-£762
	-£980



In the scenario analysis described in sub-section 7 c) below, the number of patients eligible for treatment is based on the number of patients receiving linezolid who had confirmed MRSA infections.  

The budget impact analysis also makes the following key assumptions:

· 10 days treatment duration for linezolid. The recommended course of treatment with linezolid for a cSSTI is 10-14 consecutive days (74). In the Phase 3 clinical studies, however, 6 days of tedizolid phosphate was compared to a 10-day course of linezolid. For the purposes of this budget impact analysis, therefore, the manufacturer has assumed that a course of treatment with linezolid would last 10 days only, as per the clinical trials and in accordance with the CMA base case described in section 6. In practice, the treatment course of linezolid could be longer than 10 days.
· Incidence of MRSA-caused ABSSSIs remains constant. The number of MRSA bacteraemias has fallen in recent years, due in large part to the successful implementation of strategies to prevent and treat MRSA infections. The annual incidence of SAB for Scotland in 2013 was 31.1 per 100 000 AOBDs (25). This was not significantly different compared to the previous year (p=0.25). In its most recent update, HPS confirmed that SAB and MRSA/MSSA incidence rates continue to plateau (25). The manufacturer has assumed, therefore, that the number of MRSA infections in Scotland would remain broadly constant over the five-year term of the budget impact analysis.
· Price of linezolid remains constant. Linezolid is expected to become a generic treatment in 2016, which would ordinarily result in a reduction in its NHS list price and/or an increase in the level of discount offered to hospital. As neither the timing nor the size/amount of any price reduction are known, this has not been taken into account in the budget impact analysis. Similarly, no account has been taken of possible future price reductions for either product under the Pharmaceutical Price Regulation Scheme.
· Rate of uptake in first year of 5%. The manufacturer has assumed that tedizolid phosphate would replace only 5% of linezolid prescriptions in Scotland during the first year, rising to a 45% share of the linezolid-eligible population in year 5. This is based on feedback from Scottish clinical experts involved in the Delphi Panel and the advisory board that the pattern of adoption of new antimicrobials is slow.
· Administration and monitoring costs. The administration and monitoring costs for both tedizolid phosphate and linezolid are assumed to be the same as in the CMA base case presented in section 6.
· Hospital inpatient costs are excluded. The expected length of stay in a hospital setting (as opposed to the length of the treatment course) has been quantitatively excluded from both the CMA and the budget impact analysis. Although there is some emerging data to suggest that the shorter duration treatment course associated with tedizolid phosphate could lead to reductions in the length of time in hospital, this cannot be quantified at the present time. 
b) Copy and paste the service implications table from the “Summary” spreadsheet within the SMC budget impact template. If there are no service implications, please state nil. 

There are no additional service implications, over and above the monitoring and administration costs which have been captured in “Other (Savings)/Costs”.

c) If any alternative budget impact estimates have been made in addition to the base case estimate above, copy and paste the net budget impact result table(s) below. Please state the rationale and justification for any additional budget impact estimates that you provide. 

In the alternative scenario analysis presented, the number of patients eligible for treatment with tedizolid phosphate is based on the number of UK patients receiving linezolid who had confirmed MRSA infections.  Rather than being taken from the published literature, the data for this alternative scenario is taken from market research.

In 2011 hospital research conducted by Arlington Medical Resources (Confidential data. AMR Hospital Insight Series MRSA Infections Europe December 2011, Data on File 88), 13,179 patients in the UK had confirmed MRSA infections, of which 57% were cSSTIs/ABSSSIs. 24%, or 1,803, of those patients were treated with linezolid. According to the UK National Statistics Office mid-year population figures for 2013, the total UK population was 64,100,000 and the total population for Scotland was 5,295,000 (or 8.26% of the total UK population). Assuming an equal distribution of patients across the UK, this would give rise to a total of 149 patients in Scotland (1,803 UK patients x 8.26%) with confirmed MRSA infections who were treated with linezolid (or 137 when mortality is taken into account).

For the purposes of this alternative budget impact scenario, therefore, the total number of patients in Scotland eligible for linezolid (and, therefore, by extension, for tedizolid phosphate) is 137.

[bookmark: _Ref283046780]The alternative scenario analysis leads to a negative net budgetary impact (that is, cost savings) ranging from £371 in year 1 to £3,341 in year 5. The estimated net budget impact for this scenario is presented below as Table 61.


Table 61: Scenario analysis – estimated net budget impact

	 
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	Medicine acquisition cost per patient per annum
	£900
	£900
	£900
	£900
	£900

	ADD: Supportive medicines cost per patient per annum
	£0
	£0
	£0
	£0
	£0

	GROSS ADDITIONAL MEDICINES COSTS PER PATIENT PER ANNUM
	£900
	£900
	£900
	£900
	£900

	LESS: Displaced medicines cost per patient per annum
	(890)
	(890)
	(890)
	(890)
	(890)

	NET ADDITIONAL MEDICINES (SAVINGS)/COSTS
	£10.00
	£10.00
	£10.00
	£10.00
	£10.00

	 
	 
	 
	 
	 
	 

	Number of patients treated in each year
	7
	21
	34
	48
	62

	BUDGET IMPACT (new medicine and supportive medicine costs only)
	£6,183
	£18,549
	£30,915
	£43,281
	£55,647

	BUDGET IMPACT - NET MEDICINE COSTS
	£69
	£206
	£344
	£481
	£618

	 
	 
	 
	 
	 
	 

	OTHER (SAVINGS)/COSTS
	 

	(Savings)
	(350)
	(1,049)
	(1,749)
	(2,448)
	(3,148)

	Costs
	-£90
	-£271
	-£451
	-£631
	-£812

	Total other (savings)/costs
	-£440
	-£1,320
	-£2,200
	-£3,079
	-£3,959

	 
	 
	 
	 
	 
	 

	NET TOTAL BUDGET IMPACT
	-£371
	-£1,114
	-£1,856
	-£2,598
	-£3,341




There are no additional service implications, over and above the monitoring and administration costs which have been captured in “Other (Savings)/Costs”.

d) Does the budget impact estimate template contain any commercial or academic-in-confidence data or results? If so, please provide details of which worksheets contain such data or results. 

The budget impact estimate template contains the anticipated NHS list price of tedizolid phosphate, but this price has not yet been approved or confirmed by the UK Department of Health.  

The number of MRSA-confirmed CSSTI patients in Scotland receiving linezolid treatment (n=149) forms part of hospital insights research conducted by Arlington Medical Resources (88) and is commercially confidential.
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Appendix B	

Demographic and baseline characteristics for the pooled ESTABLISH-and ESTABLISH-2 populations (ITT) 

· Demographics in the pooled analysis of Phase 3 trial data
[bookmark: _Ref384204739][bookmark: _Toc396058446]Table 62: Baseline demographics in the pooled analysis of Phase 3 trial data (ITT population)
	Characteristic
	Tedizolid phosphate
(N=664)
	Linezolid
(N=669)

	Sex, n (%)

	Female
	235 (35.4) 
	257 (38.4) 

	Male
	429 (64.6) 
	412 (61.6) 

	Age, years

	Mean
	44.6 
	44.3 

	SD
	15.40 
	15.36 

	Median
	44.5 
	44.0 

	Min, max
	17, 86 
	15, 100 

	Age group, n (%)

	<65 years
	592 (89.2) 
	610 (91.2) 

	≥65 years
	72 (10.8) 
	59 (8.8) 

	≥75 years
	24 (3.6) 
	25 (3.7) 

	Ethnicity, n (%) 

	Hispanic or Latino
	182 (27.4)
	171 (25.6) 

	Not Hispanic or Latino
	482 (72.6)
	498 (74.4) 

	Race, n (%)

	White
	565 (85.1) 
	557 (83.3) 

	Asian
	6 (0.9) 
	14 (2.1) 

	Black or African American
	77 (11.6) 
	75 (11.2) 

	Native Hawaiian or other Pacific Islander
	2 (0.3) 
	3 (0.4) 

	American Indian or Alaskan Native
	7 (1.1) 
	9 (1.3) 

	Other
	7 (1.1) 
	11 (1.6) 

	BMI, kg/m2

	<30
	464 (69.9) 
	437 (65.3) 

	≥30
	200 (30.1) 
	232 (34.7) 

	≥35
	95 (14.3) 
	86 (12.9) 


SOURCE: ISE 2013 51: section 3.4 Table 51 BMI: Body mass index; ITT: Intent-to-treat; N: Number of patients in population; n: Number of patients in specific category; SD: Standard deviation
· Baseline disease characteristics in the pooled analysis of Phase 3 trial data

The most common ABSSSI relevant medical histories, reported in ≥20% of patients in either the tedizolid phosphate or linezolid treatment group, were recent trauma that resulted in primary infection (38.6% vs. 39.8%), current or recent IV drug use (27.6% vs. 30.8%), and previous ABSSSI (22.0% vs. 21.5%)(51).

Patients' ABSSSI relevant medical histories at baseline in the pooled analysis of Phase 3 trial data are summarised in 
Table 63.
[bookmark: _Ref384208640][bookmark: _Toc396058447]
Table 63: Baseline ABSSSI relevant medical history in the pooled analysis of Phase 3 trial data (ITT population)

	Characteristic
	Tedizolid phosphate (N=664)
n (%)
	Linezolid (N=669)
n (%)

	Relevant surgical procedure that resulted in primary infection
	8 (1.2) 
	6 (0.9) 

	Recent trauma that resulted in primary infection
	256 (38.6) 
	266 (39.8) 

	Current or recent IV drug use
	183 (27.6) 
	206 (30.8) 

	Diabetes mellitus
	58 (8.7) 
	67 (10.0) 

	HIV positive 
	13 (2.0) 
	8 (1.2) 

	Poor living conditions
	40 (6.0) 
	34 (5.1) 

	Concurrent secondary cSSSI/ABSSSI lesions
	96 (14.5) 
	90 (13.5) 

	Previous ABSSSI 
	146 (22.0) 
	144 (21.5) 

	Other relevant diagnosis or procedure
	46 (6.9) 
	43 (6.4) 


SOURCE: ISE 2013 51: section 3.4 Table 53 
ABSSSI: Acute bacterial skin and skin structure infection; cSSSI: Complicated Skin and Skin Structure Infection; HIV: Human immunodeficiency virus; ITT: Intent-to-treat; IV; Intravenous; N: Number of patients in population; n: Number of patients in specific category
· Type and location of infections in the pooled analysis of Phase 3 trial data

Infection types occurred with similar frequency in both the tedizolid phosphate and linezolid treatment groups. The most common infection of patients enrolled in the study was cellulitis/erysipelas (45.3% vs. 45.9%), followed by major cutaneous abscess (25.3% vs. 24.8%) and wound infection (29.4% vs. 29.3%) (Table 64)(ISE 2013 51).
[bookmark: _Ref384209061][bookmark: _Toc396058448]Table 64: ABSSSI infections in the pooled analysis of Phase 3 trial data (ITT population)
	Type of ABSSSI infection
	Tedizolid phosphate
(N=664)
n (%)
	Linezolid
(N=669)
n (%)

	Cellulitis/erysipelas
	301 (45.3) 
	307 (45.9) 

	Major cutaneous abscess
	168 (25.3) 
	166 (24.8) 

	Wound infection:
	195 (29.4) 
	196 (29.3) 

	Post traumatic wound 
	187 (28.2) 
	190 (28.4) 

	Superficial incisional surgical site infection 
	8 (1.2) 
	6 (0.9) 


SOURCE: ISE 2013 51: section 3.4 Table 54 ABSSSI: Acute bacterial skin and skin structure infection; ITT: Intent-to-treat; N: Number of patients in population; n: Number of patients in specific category
The anatomic sites of infection were also similar in the tedizolid phosphate and linezolid treatment groups, with the most common locations being lower extremity (foot, leg, knee) (40.7% vs. 42.2%) and upper extremity (hand/arm) (34.0% vs. 33.8%). In addition, baseline median surface area of lesion was also similar in both the tedizolid phosphate and linezolid treatment groups (197.1 cm2 vs. 210.0 cm2)(ISE 2013 51).
· Baseline infecting pathogens in the pooled analysis dataset of the Phase 3 trials

The majority of the infecting pathogens were Gram-positive aerobes in both the tedizolid phosphate and linezolid groups within the MITT population. In both treatment groups, S. aureus represented slightly over 80% of the pathogens. MRSA was prevalent in 34.7% of cases in the tedizolid phosphate group and 35.4% in the linezolid group (
Table 65)(ISE 2013 51).
[bookmark: _Ref384210148][bookmark: _Toc396058449]
Table 65: Pathogenic organisms from primary ABSSSI site in the pooled analysis Phase 3 trial data (MITT population)

	Infecting organism 
	Tedizolid phosphate (N=406)
n (%)
	Linezolid (N=412)
n (%)

	Gram-positive (aerobes):
	399 (98.3) 
	405 (98.3) 

	S. aureus
	329 (81.0) 
	342 (83.0) 

	MRSA
	141 (34.7) 
	146 (35.4) 

	MSSA
	188 (46.3) 
	198 (48.1) 

	Other Gram-positive (aerobes) 
	114 (27.7) 
	103 (24.9) 

	Gram-positive (anaerobes)
	10 (2.5) 
	13 (3.2) 

	Gram-negative organisms (aerobes)
	9 (2.2) 
	7 (1.7) 

	Gram-negative organisms (anaerobes)
	0 
	2 (0.5) 


SOURCE: ISE 2013 51: section 3.4 Table 59 
Note: Patients with the same pathogen isolated from multiple specimens are counted only once for that pathogen. Patients with the same pathogen identified from both the blood and primary ABSSSI cultures are counted only once. Patients with both MRSA and MSSA are counted only once in overall S. aureus row and untyped S. aureus pathogens are only counted in the overall S. aureus row
ABSSSI: Acute bacterial skin and skin structure infection; MITT: Microbiological intent-to-treat; MRSA: Methicillin-resistant S. aureus; MSSA: Methicillin-susceptible S. aureus; N: Number of patients in population; n: Number of patients in specific category
· Baseline demographics and disease characteristics for patients with MRSA infections in the pooled analysis of Phase 3 trial data
There were a number of minor differences between the tedizolid phosphate group and the linezolid group in the pooled dataset (Table 66). 
[bookmark: _Ref384213572][bookmark: _Toc396058450]Table 66: Selected baseline demographics in patients with MRSA infections in the pooled analysis of Phase 3 trial data (ITT population)
	Characteristic
	Tedizolid phosphate
(N=141)
n (%)
	Linezolid
(N=146)
n (%)

	Sex, n (%)

	Female
	41 (29.1)
	59 (40.4)

	Male
	100 (70.9)
	87 (59.6)

	Age, years

	Median
	40.0
	36.0

	Min, max
	(17, 77)
	(18, 71)

	BMI, kg/m2

	<30
	101 (71.6)
	98 (67.1)

	≥30
	40 (28.4)
	48 (32.9)


SOURCE: ISE 2013 51 MRSA -Baseline characteristics: Table 1 
BMI: Body mass index; ITT: Intent-to-treat; MRSA: Methicillin-resistant S. aureus; N: Number of patients in population; n: Number of patients in specific category

Baseline disease characteristics, comorbidities, and risk factors in patients with MRSA infections are reported in 
Table 67. Overall, disease characteristics, comorbidities, and risk factors were comparable between the tedizolid phosphate group and the linezolid group. 
[bookmark: _Ref384214637][bookmark: _Toc396058451]
Table 67: Baseline disease characteristics and risk factors in patients with MRSA infections in the pooled analysis of Phase 3 trial data (ITT population)
	
	Tedizolid phosphate (N=141)
n (%)
	Linezolid (N=146)
n (%)

	Characteristic

	Lymphadenopathy
	131 (92.9)
	129 (88.4)

	Fever
	13 (9.2)
	4 (2.7)

	WBC ≥10 000 cells/mm3 or <4000 cells/mm3
	68 (48.2)
	74 (50.7)

	Immature neutrophils >10%
	2 (1.4)
	2 (1.4)

	Comorbidity

	Diabetes mellitus
	8 (5.7)
	9 (6.2)

	Obesity (BMI ≥30 kg/m2)
	40 (28.4)
	48 (32.9)

	Renal impairment
	3 (2.1)
	1 (0.7)

	Hepatic impairment
	0
	0

	Hepatitis C
	43 (30.5)
	41 (28.1)

	HIV positive
	2 (1.4)
	1 (0.7)

	Secondary ABSSSI
	21 (14.9)
	25 (17.1)

	Risk factor

	IV drug use
	38 (27.0)
	46 (31.5)

	Poor living conditions
	10 (7.1)
	3 (2.1)

	Previous ABSSSI 
	49 (34.8)
	44 (30.1)


SOURCE: ISE 2013 51 MRSA - Baseline characteristics: Table 1 
ABSSSI: Acute bacterial skin and skin structure infection; BMI: Body mass index; HIV: Human immunodeficiency virus; ITT: Intent-to-treat; IV: Intravenous; MRSA: Methicillin-resistant S. aureus; WBC: White blood cell; N: Number of patients in population; n: Number of patients in specific category
· Type and location of MRSA infections - pooled Phase 3 trials dataset

Infection types occurred with similar frequency in both treatment groups. The most common type of MRSA infection in patients enrolled in the Phase 3 studies was major cutaneous abscess (tedizolid phosphate group: 44.7%; linezolid group: 44.5%), followed by wound infection (tedizolid phosphate group: 32.6%; linezolid group: 30.1%) and cellulitis/erysipelas (tedizolid phosphate group: 22.7%; linezolid group: 25.3%). Location of infection differed between both groups, the most common locations were upper extremity (tedizolid phosphate group: 34.8%; linezolid group: 29.5%) and lower extremity (tedizolid phosphate group: 27.0%; linezolid group: 39.0%).



Appendix C	Safety and tolerability data – ESTABLISH-1 and ESTABLISH-2

ESTABLISH-1 
[bookmark: _Ref382557418][bookmark: _Toc396058837]Oral tedizolid phosphate was generally well tolerated in ESTABLISH-1
In ESTABLISH-1, 331/332 patients who were enrolled in the tedizolid phosphate group and all 335 patients in the linezolid group were included in the Safety population (41). Overall, oral tedizolid phosphate was well tolerated by patients, with the majority of TEAEs experienced being mild or moderate in severity. Further, there was a lower incidence of gastrointestinal AEs, including nausea and vomiting, in the tedizolid phosphate group compared with linezolid group. 
Study drug exposure in ESTABLISH-1
In ESTABLISH-1, patients in both treated groups received a number of doses of study drug. The majority of patients in the tedizolid phosphate group received 5 doses to 6 doses (maximum 6 dose over 6 days) of tedizolid phosphate (310/331 patients [93.7%]). Similarly, the majority of patients in the linezolid group received 19 doses to 20 doses (maximum 20 doses over 10 days) of linezolid (281/335 patients [83.9%])(41).
Overview of adverse events in ESTABLISH-1
Over the whole treatment period, the total number of TEAEs was comparable between the tedizolid phosphate group and linezolid group in the Safety population (40.8% vs. 43.3%) (Figure 15; Table 68). Further, fewer patients in the tedizolid phosphate group experienced TEAEs that were classified as drug-related (defined as those with a possible, probable, or definite relationship to study drug based on the investigator’s assessment) compared with the linezolid group (24.2 vs. 31.0%) (Figure 15; Table 68)(38;41)
[bookmark: _Ref381629965][bookmark: _Toc396058383]Figure 15: Overview of AEs in ESTABLISH-1 (Safety population)

SOURCE: ESTABLISH-1 CSR 41: section 12.2.1, Table 12-3 
*Defined as those with a possible, probable, or definite relationship to study drug based on the investigator’s assessment 
AE: Adverse event; N: Number of patients in population TEAE: Treatment-emergent adverse event


[bookmark: _Ref381364609][bookmark: _Toc396058467]Table 68: Overview of AEs in ESTABLISH-1 (Safety population)
	Category
	Tedizolid phosphate
(N=331)
n (%)
	Linezolid
(N=335)
n (%)

	AEs
	137 (41.4)
	145 (43.3)

	TEAEs:
	135 (40.8)
	145 (43.3)

	Mild TEAEs
	87 (26.3)
	102 (30.4)

	Moderate TEAEs
	40 (12.1)
	38 (11.3)

	Severe TEAEs
	8 (2.4)
	5 (1.5)

	Drug-related* TEAE
	80 (24.2)
	104 (31.0)

	TEAE leading to premature discontinuation of study drug
	2 (0.6)
	2 (0.6)

	Serious TEAEs
	5 (1.5)
	4 (1.2)

	Drug-related serious TEAEs
	0
	1 (0.3)

	Serious TEAE leading to death
	1 (0.3)
	0

	Serious TEAE leading to premature discontinuation of study drug
	0
	0


SOURCE:39; ESTABLISH-1 CSR 41: section 12.2.1, Table 12-3 
*Defined as those with a possible, probable, or definite relationship to study drug based on the Investigator’s assessment AE: Adverse event; N: Number of patients in population; n: Number of patients in specific category; TEAE: Treatment-emergent adverse event

The majority of TEAEs in both treatment groups were mild or moderate in severity. In the tedizolid phosphate group, 26.3% of patients experienced a mild TEAE compared with 30.4% of patients in the linezolid group. Further, in the tedizolid phosphate and linezolid treatment groups, a similar proportion of patients experienced moderate (12.1% vs. 11.3%) or severe TEAEs (2.4% vs. 1.5%)(41)

Commonly reported TEAEs according to System Organ Class (SOC) (occurring in ≥10% of patients in either treatment group) were gastrointestinal disorders, infections and infestations, and nervous system disorders (Table 69). Infections and infestations is a SOC that encompasses both bacterial, viral, and fungal infections as well as worm and parasite infestations. There was a lower incidence of gastrointestinal disorders in patients treated with tedizolid phosphate compared with patients treated with linezolid (16.3% vs. 25.4%)(41)
[bookmark: _Ref381605543][bookmark: _Toc396058468]Table 69: TEAEs, by SOC, with ≥10% incidence in either treatment group in ESTABLISH-1 (Safety population)
	SOC
	Tedizolid phosphate
(N=331)
n (%)
	Linezolid
(N=335)
n (%)

	Gastrointestinal disorders
	54 (16.3)
	85 (25.4)

	Infections and infestations
	50 (15.1)
	37 (11.0)

	Nervous system disorders
	36 (10.9)
	32 (9.6)


SOURCE: ESTABLISH-1 CSR 41: section 14.3.1, Table 14.3.1.2.1 
N: Number of patients in population; n: Number of patients in specific category; SOC: System Organ Class; TEAE: Treatment-emergent adverse event

Commonly reported TEAEs (occurring in ≥2% of patients in either treatment group) were nausea, headache, diarrhoea, abscess, and vomiting (Table 70). Although the overall incidence of TEAEs was similar between the treatment groups, a lower proportion of patients treated with tedizolid phosphate reported nausea, vomiting, dyspepsia, and pruritus compared with patients treated with linezolid(41).
[bookmark: _Ref381605569][bookmark: _Toc396058469]
Table 70: TEAEs, by Preferred Term, with ≥2% incidence in either treatment group in ESTABLISH-1 (Safety population)

	Preferred Term
	Tedizolid phosphate
(N=331)
n (%)
	Linezolid
(N=335)
n (%)

	Patients with ≥1 TEAE:
	135 (40.8)
	145 (43.3)

	Nausea
	28 (8.5)
	45 (13.4)

	Headache
	21 (6.3)
	17 (5.1)

	Diarrhoea
	15 (4.5)
	18 (5.4)

	Abscess
	14 (4.2)
	8 (2.4)

	Abscess limb
	12 (3.6)
	10 (3.0)

	Vomiting
	9 (2.7)
	20 (6.0)

	Cellulitis
	8 (2.4)
	8 (2.4)

	Dizziness
	8 (2.4)
	7 (2.1)

	Pruritus
	3 (0.9)
	8 (2.4)

	Dyspepsia
	2 (0.6)
	7 (2.1)


SOURCE: ESTABLISH-1 CSR 41: section 14.3.1, Table 14.3.1.2 
N: Number of patients in population; n: Number of patients in specific category; TEAE: Treatment-emergent adverse event
Serious TEAEs in ESTABLISH-1
[bookmark: _Ref381371136]The overall incidence of serious TEAEs was low and comparable between treatment groups. Serious TEAEs were reported by five patients (1.5%) in the tedizolid phosphate group and 4 patients (1.2%) in the linezolid group (Table 71). No serious TEAEs were classified as possibly related to tedizolid phosphate by the investigator (however, one serious TEAE was considered by the sponsor as probably related to tedizolid phosphate) and one serious TEAE was classified as related to linezolid (41).
[bookmark: _Ref394409224][bookmark: _Toc396058470]
[bookmark: _Ref284427382]Table 71: Serious TEAEs in ESTABLISH-1 (Safety population)

	System Organ Class
Preferred term
	Tedizolid phosphate
(N=331)
n (%)
	Linezolid
(N=335)
n (%)

	Patients with ≥1 serious TEAE
	5 (1.5)
	4 (1.2)

	Cardiac disorders
	1 (0.3)
	0

	Cardiac arrest
	1 (0.3)
	0

	Gastrointestinal disorders
	2 (0.6)
	0

	Gastrointestinal hemorrhage
	1 (0.3)
	0

	Vomiting
	1 (0.3)
	0

	Infections and infestations
	3 (0.9)
	0

	Abscess
	1 (0.3)
	0

	Endophthalmitis
	1 (0.3)
	0

	Pneumonia
	1 (0.3)
	0

	Septic shock
	1 (0.3)
	0

	Investigations
	1 (0.3)
	0

	Weight decreased
	1 (0.3)
	0

	Metabolism and nutrition disorders
	1 (0.3)
	1 (0.3)

	Dehydration
	1 (0.3)
	0

	Diabetic ketoacidosis
	0
	1 (0.3)

	Nervous system disorders
	1 (0.3)
	0

	VIIth nerve paralysis
	1 (0.3)*
	0

	Pregnancy, puerperium, and perinatal conditions
	0
	1 (0.3)

	Abortion spontaneous
	0
	1 (0.3)**

	Psychiatric disorders
	0
	2 (0.6)

	Alcoholic psychosis
	0
	1 (0.3)

	Major depression
	0
	1 (0.3)

	Suicidal ideation
	0
	1 (0.3)


SOURCE: ESTABLISH-1 CSR 41: section 14.3.1, Table 14.3.1.2 
*Sponsor considered this event to be related to study drug whereas the Investigator considered this event not related to the study; **Probably related to study drug according to Investigator
N: Number of patients in population; n: Number of patients in specific category; TEAE: Treatment-emergent adverse event
[bookmark: _Ref382386859]Deaths in ESTABLISH-1
One patient in the tedizolid phosphate group experienced a SAE that resulted in death. The death was considered as unrelated to the study drug (41). 
[bookmark: _Ref382237573]Tedizolid phosphate had a lower risk of gastrointestinal adverse events compared with linezolid based on the ESTABLISH-1 safety data
Patients treated with tedizolid phosphate reported fewer gastrointestinal disorder TEAEs compared with patients treated with linezolid (Figure 16; Table 72). This was demonstrated for gastrointestinal disorders in general as well as diarrhoea, dyspepsia, nausea, constipation, and vomiting (41).
[bookmark: _Ref381630258][bookmark: _Toc396058384]Figure 16: Gastrointestinal disorder TEAEs in ESTABLISH-1 (Safety population)

SOURCE: ESTABLISH-1 CSR 41: section 14.3.1, Table 14.3.1.2.1
N: Number of patients in population; TEAE: Treatment-emergent adverse event
[bookmark: _Ref381607036][bookmark: _Toc396058471]Table 72: Gastrointestinal disorder TEAEs in ESTABLISH-1 (Safety population)
	Category
	Tedizolid phosphate
(N=331)
n (%)
	Linezolid
(N=335)
n (%)

	Gastrointestinal disorder TEAEs:
	54 (16.3)
	85 (25.4)

	Nausea
	28 (8.5)
	45 (13.4)

	Diarrhoea
	15 (4.5)
	18 (5.4)

	Vomiting
	9 (2.7)
	20 (6.0)

	Constipation
	5 (1.5)
	5 (1.5)

	Dyspepsia
	2 (0.6)
	7 (2.1)

	Gastrointestinal disorder serious TEAEs:
	2 (0.6) 
	0

	Gastrointestinal hemorrhage 
	1 (0.3) 
	0

	Vomiting 
	1 (0.3) 
	0

	Gastrointestinal disorders TEAEs leading to discontinuation:
	1 (0.3) 
	2 (0.6)

	Diarrhoea
	1 (0.3) 
	0

	Nausea
	0 
	2 (0.6)

	Vomiting
	1 (0.3) 
	2 (0.6) 

	Gastrointestinal disorders leading to death
	0
	0


SOURCE: ESTABLISH-1 CSR 41: section 14.3.1, Table 14.3.1.7, Table 14.3.2 
N: Number of patients in population; n: Number of patients in specific category; TEAE: Treatment-emergent adverse event	
[bookmark: _Ref382237578]Tedizolid phosphate had a lower incidence of platelet counts considered below the LLN compared with linezolid, based on the ESTABLISH-1 safety data
Measurement of haematology parameters in ESTABLISH-1 demonstrated that tedizolid phosphate was associated with lower incidence of abnormal post-baseline haematology laboratory values compared with linezolid. Although platelet counts below the LLN were rare and sporadic, platelet counts below the LLN were reported in 9.2% of patients in the tedizolid phosphate group and in 14.9% of patients in the linezolid group. Of these patients, 2.3% and 4.9% in the tedizolid phosphate and linezolid groups, respectively, had substantially abnormal counts at some time during the study. For most of the patients, abnormal counts were isolated incidents (Table 73). Further, the proportion of patients with post-baseline absolute neutrophil count (ANC) counts classed as below LLN was low in both the tedizolid phosphate and linezolid group (2.4% vs. 4.4%) (Table 73)(41).
[bookmark: _Ref381609217][bookmark: _Toc396058472]Table 73: Post-baseline haematology laboratory values in ESTABLISH-1 (Safety population)	
	Post-baseline haematology laboratory values 
	Tedizolid phosphate
n (%)
	Linezolid
n (%)

	Haemoglobin, N1
	310
	310

	Below LLN
	146 (47.1)
	148 (47.7)

	Substantially abnormal
	0
	1 (0.3)

	ANC, N1
	295
	296

	Below LLN
	7 (2.4)
	13 (4.4)

	Substantially abnormal
	0
	0

	Platelets, N1
	304
	308

	Below LLN
	28 (9.2) 
	46 (14.9)

	Substantially abnormal
	7 (2.3) 
	15 (4.9)


SOURCE: ESTABLISH-1 CSR 41: section 12.4.2.3.2 Table 12-13 
Note: Substantially abnormal is defined as <75% of the LLN (<50% of ANC) for values normal at baseline and <75% of the LLN (<50% for ANC) and of baseline for values abnormal at baseline
ANC: Absolute neutrophil count; LLN: Lower limit of normal; N1: Number of patients in the population with the specified clinical laboratory value at baseline and post baseline; n: Number of patients in specific category
[bookmark: _Ref384391575]Tedizolid phosphate was associated with no observed risk of nephrotoxicity based on the ESTABLISH-1 safety data
Measurement of laboratory parameters in ESTABLISH-1 demonstrated that tedizolid phosphate was associated with no observed risk of nephrotoxicity. The proportion of patients with post-baseline serum creatinine values classed as above the upper limit of normal was comparable between the tedizolid phosphate and linezolid groups (14.8% vs. 17.4%)(Table 74).

[bookmark: _Ref384388622]In addition, the proportion of patients with post-baseline blood urea nitrogen (BUN) values classed as above the upper limit of normal was also low and comparable in both the tedizolid phosphate and linezolid groups (4.7% vs. 5.4%)(Table 74).No patients in the tedizolid phosphate group experienced substantially abnormal values for serum creatinine and BUN compared with two patients in the linezolid group (serum creatinine: one patient; BUN: one patient)(41). 

[bookmark: _Ref394409247][bookmark: _Toc396058473]Table 74: Post-baseline serum creatinine and BUN laboratory values in ESTABLISH-1 (Safety population)
	Post-baseline laboratory values 
	Tedizolid phosphate
(N=331)
n (%)
	Linezolid
(N=335)
n (%)

	Serum creatinine, N1
	317 
	317 

	Above ULN
	47 (14.8)
	55 (17.4)

	Substantially abnormal
	0
	1 (0.3)

	BUN, N1 
	317 
	317 

	Above ULN
	15 (4.7)
	17 (5.4)

	Substantially abnormal
	0
	1 (0.3)


SOURCE: ESTABLISH-1 CSR 41: section 12.4.2.3.1 Table 12-11 
BUN: Blood urea nitrogen; N: Number of patients in the population; N1: Number of patients in the population with the specified clinical laboratory value at baseline and post baseline; n: Number of patients in the specific category based on SI results; ULN: Upper limit of normal 
[bookmark: _Ref382237959][bookmark: _Toc396058838]
ESTABLISH-2
Tedizolid phosphate (IV-to-oral switch dosing) exhibited a well-tolerated safety profile in ESTABLISH-2 
In ESTABLISH-2, 331/332 patients who were enrolled in the tedizolid phosphate group and 327/334 patients in the linezolid group were included in the Safety population (CSR). Overall, IV-to-oral tedizolid phosphate was well tolerated, with the majority of TEAEs experienced being mild or moderate in severity. Further, there was a lower incidence of gastrointestinal AEs including nausea and vominting in the tedizolid phosphate group compared with linezolid (42). 
Study drug exposure in ESTABLISH-2
In ESTABLISH-2, patients in both treated groups received high levels of exposure to the study drug. The majority of patients in the tedizolid phosphate group received five doses to six doses (maximum six doses over 6 days) of tedizolid phosphate (313/331 patients [94.6%]). Similarly, the majority of patients in the linezolid group received 19 doses to 20 doses (maximum 20 doses over 10 days) of linezolid (295/327 patients [90.2%](42).

During ESTABLISH-2, patients in either group were able to switch from IV to oral study drug. The mean treatment duration from IV-to-oral switch was similar for tedizolid phosphate compared with linezolid (1.7 days vs. 1.8 days). Further, a similar proportion of patients in the tedizolid phosphate and linezolid groups remained on IV drug for the duration of therapy (18.7% vs. 17.1%)(42).
Overview of adverse events in ESTABLISH-2
Over the whole treatment period, the total number of TEAEs was comparable between the tedizolid phosphate group and linezolid group in the Safety population (44.7% vs. 43.1%) 

The number of patients who experienced drug-related TEAEs (defined as those with a possible, probable, or definite relationship to study drug based on the investigator’s assessment) was lower in the tedizolid phosphate group compared with the linezolid group (20.5% vs 24.8%) (Table 75 and Figure 17). 
[bookmark: _Ref381629756][bookmark: _Toc396058385][bookmark: _Ref381622917]Figure 17: Overview of AEs in ESTABLISH-2 (Safety population)

SOURCE: ESTABLISH-2 CSR 42: section 12.2.1 Table 12-3 
*Defined as those with a possible, probable, or definite relationship to study drug based on the investigator’s assessment 
AE: Adverse event; TEAE: Treatment-emergent adverse event; N: Number of patients in population



Table 75: Overview of AEs in ESTABLISH-2 (Safety population)
	[bookmark: _Ref382231710][bookmark: _Toc396058474]Category
	Tedizolid phosphate
(N=331)
n (%)
	Linezolid
(N=327)
n (%)

	AEs
	152 (45.9)
	143 (43.7)

	TEAEs:
	148 (44.7)
	141 (43.1)

	Mild TEAEs
	108 (32.6)
	91 (27.8)

	Moderate TEAEs
	35 (10.6)
	42 (12.8)

	Severe TEAEs
	5 (1.5)
	8 (2.4)

	Drug-related* TEAE
	68 (20.5)
	81 (24.8)

	TEAE leading to premature discontinuation of study drug
	1 (0.3)
	4 (1.2)

	Serious TEAE
	7 (2.1)
	9 (2.8)

	Drug-related serious TEAE
	0
	1 (0.3)

	Serious TEAE leading to death
	1 (0.3)
	1 (0.3)

	Serious TEAE leading to premature discontinuation of study drug
	0
	1 (0.3)


SOURCE: ESTABLISH-2 CSR 42: section 12.2.1 Table 12-3 
*Defined as those with a possible, probable, or definite relationship to study drug based on the Investigator’s assessment 
AE: Adverse event; N: Number of patients in population; n: Number of patients in specific category; TEAE: Treatment-emergent adverse event 

The majority of AEs in both treatment groups were mild or moderate in severity. In the tedizolid phosphate group, a greater proportion of patients experienced a mild TEAE compared with patients in the linezolid group (32.6% vs. 27.8%). Further, in the tedizolid phosphate and linezolid treatment groups, a similar proportion of patients experienced moderate (10.6% vs. 12.8%) or severe TEAEs (1.5% vs. 2.4%).

Commonly reported (i.e. those occurring in ≥10% of patients in either treatment group) TEAEs according to SOC, were gastrointestinal disorders and infections and infestations. There was a lower incidence of gastrointestinal disorders in patients treated with tedizolid phosphate compared with patients treated with linezolid (15.7% vs. 20.5%).
[bookmark: _Toc396058475]Table 76: Commonly reported (with ≥10% incidence) TEAEs, by SOC, in ESTABLISH-2 (Safety population)
	SOC
	Tedizolid phosphate
(N=331)

	Linezolid
(N=327)


	Gastrointestinal disorders
	15.7%
	20.5%

	Infections and infestations
	12.1%
	12.2%


SOURCE: ESTABLISH-2 CSR 42: section 12.2.2 
N: Number of patients in population; SOC: System Organ Class; TEAE: Treatment-emergent adverse event

Other commonly reported TEAEs (occurring in ≥2% of patients in either treatment group) were nausea, headache, abscess, diarrhoea, vomiting, cellulitis, fatigue, dizziness, and vulvovaginal mycotic infection (Table 77). The incidence of TEAEs was similar between treatment groups; however, a lower proportion of patients treated with tedizolid phosphate reported nausea, vomiting, diarrhoea, and vulvovaginal mycotic infection compared with patients treated with linezolid. 
[bookmark: _Ref381624896][bookmark: _Toc396058476]Table 77: TEAEs with ≥2% incidence in either treatment group in ESTABLISH-2 (Safety population)
	Preferred Term
	Tedizolid phosphate
(N=331)
n (%)
	Linezolid
(N=327)
n (%)

	Patients with ≥1 TEAE:
	148 (44.7)
	141 (43.1)

	Nausea
	26 (7.9)
	36 (11.0)

	Headache
	20 (6.0)
	22 (6.7)

	Abscess
	14 (4.2)
	10 (3.1)

	Diarrhoea
	11 (3.3)
	17 (5.2)

	Vomiting
	10 (3.0)
	17 (5.2)

	Cellulitis
	9 (2.7)
	6 (1.8)

	Fatigue
	8 (2.4)
	7 (2.1)

	Dizziness
	4 (1.2)
	7 (2.1)

	Vulvovaginal mycotic infection
	2 (0.6)
	7 (2.1)


SOURCE: ESTABLISH-2 CSR 42: section 12.2.2 Table 12-4 
 N: Number of patients in population; n: Number of patients in specific category; TEAE: Treatment-emergent adverse event
Serious adverse events in ESTABLISH-2
The overall incidence of SAEs was low and comparable between treatment groups. SAEs were reported by seven patients (2.1%) in the tedizolid phosphate group and nine patients (2.8%) in the linezolid group (Table 78). None of the SAEs in the tedizolid phosphate group were related to study treatment; however, the anaphylactic reaction SAE in the linezolid group was considered definitely related to linezolid(42).
[bookmark: _Ref381626853][bookmark: _Toc396058477]
Table 78: Serious TEAEs in ESTABLISH-2 (Safety population)
	System Organ Class
Preferred Term
	Tedizolid phosphate
(N=331)
n (%)
	Linezolid
(N=327)
n (%)

	Patients with ≥1 serious TEAE
	7 (2.1)
	9 (2.8)

	Cardiac disorders
	1 (0.3)
	2 (0.6)

	Acute coronary syndrome
	0
	1 (0.3)

	Acute myocardial infarction
	0
	1 (0.3)

	Myocardial infarction	
	1 (0.3)*
	0

	Immune system disorders
	0
	1 (0.3)

	Anaphylactic reaction
	0
	1 (0.3)**

	Infections and infestations
	3 (0.9)
	4 (1.2)

	Cellulitis
	0
	2 (0.6)

	Escherichia urinary tract infection
	1 (0.3)
	0

	Meningitis tuberculosis
	0
	1 (0.3)*

	Pneumonia
	1 (0.3)
	0

	Septic shock
	1 (0.3)
	0

	Staphylococcal bacteremia
	1 (0.3)
	0

	Urinary tract infection bacterial
	0
	1 (0.3)

	Investigations
	0
	1 (0.3)

	Blood glucose increased
	0
	1 (0.3)

	Metabolism and nutrition disorders
	1 (0.3)
	0

	Diabetes mellitus
	1 (0.3)
	0

	Renal and urinary disorders
	1 (0.3)
	0

	Nephrolithiasis
	1 (0.3)
	0

	Vascular disorders
	1 (0.3)
	1 (0.3)

	Hypertension
	1 (0.3)
	0

	Thrombophlebitis superficial
	0
	1 (0.3)


SOURCE: ESTABLISH-2 CSR 42: section 12.3.1.2 Table 12-5 
*Patients who has a SAE that led to death; **Related to study drug
N: Number of patients in population; n: Number of patients in specific category; TEAEs: Treatment-emergent adverse event
[bookmark: _Ref382386860]Deaths in ESTABLISH-2
One patient in each treatment group experienced a SAE that resulted in death. Both deaths were considered unrelated to the study drug (42). 
[bookmark: _Ref382237965]Tedizolid phosphate had a lower risk of gastrointestinal adverse events compared with linezolid, based on the ESTABLISH-2 safety data
Patients treated with tedizolid phosphate reported fewer gastrointestinal AEs compared with patients treated with linezolid (Figure 18; Table 79). This was demonstrated for gastrointestinal disorders in general as well as diarrhoea, nausea, and vomiting (42). 
[bookmark: _Ref381630286][bookmark: _Toc396058386]Figure 18: Gastrointestinal disorder TEAEs in ESTABLISH-2 (Safety population)

SOURCE: ESTABLISH-2 CSR 42: section 12.2.2 
N: Number of patients in population; TEAEs: Treatment-emergent adverse event
[bookmark: _Ref381630292][bookmark: _Toc396058478]Table 79: Gastrointestinal disorder AEs in ESTABLISH-2 (Safety population)
	Category
	Tedizolid phosphate
(N=331)
n (%)
	Linezolid
(N=327)
n (%)

	Gastrointestinal disorder TEAEs:
	(15.7)
	(20.5)

	Nausea
	26 (7.9)
	36 (11.0)

	Diarrhoea
	11 (3.3)
	17 (5.2)

	Vomiting
	10 (3.0)
	17 (5.2)

	Gastrointestinal disorder SAEs
	0
	0

	Gastrointestinal disorders TEAEs leading to discontinuation:
	1 (0.3)
	1 (0.3)

	Abdominal discomfort
	1 (0.3)
	0

	Nausea
	0
	1 (0.3)

	Vomiting
	0
	1 (0.3)

	Gastrointestinal disorders leading to death
	0
	0


SOURCE: ESTABLISH-2 CSR 42: section 12.3.1.3 Table 12-6 and Table 12-7 
AE: Adverse event; N: Number of patients in population; n: Number of patients in specific category; SAE: Serious adverse event; TEAE: Treatment-emergent adverse event
[bookmark: _Ref382237970]The number of patients with lowered platelet counts was similar between tedizolid phosphate and linezolid based on the ESTABLISH-2 safety data
Measurement of haematology parameters in ESTABLISH-2 demonstrated that tedizolid phosphate was associated with a similar incidence of abnormal post-baseline haematology laboratory values as linezolid. The proportion of patients with post-baseline platelet counts classed as substantially abnormal (defined as <75% of the LLN [<50% of ANC] for values normal at baseline and <75% of the LLN [<50% for ANC] and of baseline for values abnormal at baseline) was comparable in both the tedizolid phosphate and linezolid groups (3.3% vs. 1.9%) (Table 80). Two patients in the tedizolid phosphate group had clinically significant shifts in platelet count; in both cases, there was no AE associated with the abnormal platelet count. Further, the proportion of patients with post-baseline ANC counts classed as below LLN was 5.9% in the tedizolid phosphate and 7.8% in the linezolid group (Table 80)(42). 
[bookmark: _Ref381628470][bookmark: _Toc396058479]Table 80: Post-baseline platelet values in ESTABLISH-2 (Safety population)
	Post-baseline haematology laboratory values 
	Tedizolid phosphate
N=331
n (%)
	Linezolid
N=334
n (%)

	Haemoglobin, N1
	292
	287

	Below LLN
	147 (50.3)
	148 (51.6)

	Substantially abnormal
	4 (1.4)
	2 (0.7)

	ANC, N1
	272
	258

	Below LLN
	16 (5.9)
	20 (7.8)

	Substantially abnormal
	3 (1.1)
	5 (1.9)

	Platelets, N1
	275
	269

	Below LLN
	37 (13.5)
	35 (13.0)

	Substantially abnormal
	9 (3.3)
	5 (1.9)


SOURCE: ESTABLISH-2 CSR 42: section 12.4.2.3.2 Table 12-13 
Note: Substantially abnormal is defined as <75% of the LLN (<50% of ANC) for values normal at baseline and <75% of the LLN (<50% for ANC) and of baseline for values abnormal at baseline
ANC: Absolute neutrophil count; LLN: Lower limit of normal; N: Number of patients in the population; N1: Number of patients in the population with the specified clinical laboratory value at baseline and post baseline; n: Number of patients in specific category based on SI results
[bookmark: _Ref384391577]Tedizolid phosphate was associated with no observed risk of nephrotoxicity, based on the ESTABLISH-2 safety data
Measurement of laboratory parameters in ESTABLISH-2 demonstrated that tedizolid phosphate was associated with no observed risk of nephrotoxicity. The proportion of patients with post-baseline serum creatinine values classed as above the upper limit of normal was comparable in both the tedizolid phosphate group and linezolid group (18.9% vs. 21.7%) (Table 81). In addition, the proportion of patients with post-baseline BUN values classed as above the upper limit of normal was comparable in both the tedizolid phosphate group and linezolid group (7.8% vs. 9.6%)(Table 81). 

Few patients reported substantially abnormal values for serum creatinine and BUN across both study groups(42).
[bookmark: _Ref384389142][bookmark: _Ref387680977][bookmark: _Toc396058480]
Table 81: Post-baseline serum creatinine and BUN laboratory values in ESTABLISH-2 (Safety population)

	Post-baseline laboratory values through last dose of active study drug
	Tedizolid phosphate
(N=331)
n (%)
	Linezolid
(N=327)
n (%)

	Serum creatinine, N1
	322 
	313 

	Above ULN
	61 (18.9)
	68 (21.7)

	Substantially abnormal
	1 (0.3)
	2 (0.6)

	BUN, N1
	322 
	313 

	Above ULN
	25 (7.8)
	30 (9.6)

	Substantially abnormal
	1 (0.3)
	0


SOURCE: ESTABLISH-2 CSR 42: section 12.4.2.3.1 Table 12-11
BUN: Blood urea nitrogen; N: Number of patients in the population; N1: Number of patients in the population with the specified clinical laboratory value at baseline and post baseline; n: Number of patients in specific category based on SI results; ULN: Upper limit of normal



Appendix D 
Systematic Review and Network Meta-Analysis informing Indirect Comparison
D.1 Introduction 
The manufacturer believes that it has justified why the economics case is based on a comparison with linezolid - we have positioned tedizolid phosphate for use after vancomycin treatment, which is where linezolid is currently used in NHS Scotland and elsewhere, and we have direct comparative evidence against linezolid from the Phase 3 clinical studies. Most importantly, the prescribers in Scotland consulted by the manufacturer confirmed that this was an appropriate comparison.  
If the SMC wants to see a comparison between tedizolid phosphate and any other medicine, we would want to understand the SMC's rationale for that, as the basis of the manufacturer’s reply would be an indirect comparison only.  We have, therefore, included details of this comparison in this appendix solely for that purpose. It is not part of the manufacturer’s base case and so, assuming the SMC is content with the linezolid comparison, the manufacturer would not expect it to appear in the SMC’s final advice.
A copy of the report commissioned by the manufacturer is also included in the reference pack on a confidential basis (YHEC, 2014)(91).

D.2 Overview and summary of results

A review and NMA were conducted to assess the relative efficacy of treatments for MRSA associated ABSSSI.  Three outcomes were analysed:

· Clinical response at the end of treatment;
· Clinical response at the post treatment evaluation or test of cure;
· Discontinuations due to adverse events. 

This review and NMA were informed by extensive searches conducted in a range of databases and searches of the reference lists of relevant reviews to ensure that as many relevant studies as possible were identified. No limits were placed on date or language for the search but studies published in languages other than English were not reviewed in full.  The impact of these and other potential publication biases were not explored in this review.

The results of the NMA were as follows:
(i) Clinical Response at the End of Treatment

In the all trials network, both the fixed and random effects models, the estimated odds ratio for the tedizolid versus vancomycin and linezolid versus vancomycin comparisons was found to be around 2 suggesting that the odds of a clinical response at the end of treatment are twice as high for both tedizolid and linezolid when compared to vancomycin.  There was no evidence of a difference between any of the other comparisons assessed.

The estimated absolute treatment effects were similar across models and populations.  Ceftaroline had the highest estimated event probability when this comparison was in the network (all trials case) followed by tedizolid and linezolid (fixed effects estimates 0.87, 0.83 and 0.84 for the three treatments respectively).  For the ITT/mITT network, in the absence of ceftaroline, linezolid had the highest estimated event probability followed by tedizolid (0.84 and 0.83 respectively).  In all cases CrI were wide indicating uncertainty in the point estimates.
(ii) Clinical Response at the Post Treatment Evaluation or Test of Cure

Results for three networks, corresponding to different populations, were estimated: all trials, ITT/mITT and MRSA only.

Results of the all trials and ITT/mITT networks were very similar.  Only two studies were excluded from the all trials network for the ITT/mITT network and because they were comparatively small studies, the estimates for both the fixed effect and random effects models for the two networks are very similar.

Results of both of the fixed effect model in both the all trials and ITT/mITT networks suggest that the odds of a clinical response at the end of treatment are higher for both tedizolid and linezolid when compared to vancomycin.  However, there was no agreement between the fixed and random effects models and significant heterogeneity was found for the linezolid vs. vancomycin comparison for all three networks, so conclusions should be drawn with care.  There was no evidence of a difference between any of the other comparisons assessed.

Conclusions on the absence of potential differences between treatments for the MRSA only population should be drawn with care as results for this network have been estimated using only eight studies while estimates for the all trials and ITT/mITT networks were informed by 14 and 12 studies respectively.  There were also fewer patients in the studies that had an MRSA subgroup.

The estimated absolute treatment effects were similar across models (although the point estimates were slightly lower for the random effects model) and populations.  Ceftaroline, tedizolid and linezolid had the highest estimated event probability.  In all cases the CrI were very wide, indicating uncertainty in the point estimates.

For both all trials and ITT/mITT networks the ceftaroline treatment had the highest probability of being the best treatment.  However, only Talbot 2007 (a medium sized study) reported results for the ceftaroline treatment and this is reflected in the wide CrI estimated for comparisons involving ceftaroline.

Tedizolid and linezolid were the treatments with second and third highest probability (respectively) of being the best treatment after ceftaroline.  Talbot 2007 was excluded from the MRSA only network; therefore it was not possible to estimate best treatment probabilities for ceftaroline.  Thus, for the MRSA only population network tedizolid was the treatment with the highest probability of being the best treatment followed by linezolid (0.37 and 0.26 respectively).
(iii) Discontinuations Due to Adverse Events

There was no evidence of a difference between any of the treatments for discontinuation due to AE:  all comparisons had CrI which included 1.  Tedizolid had the lowest probability of discontinuation due to AE (and also the narrowest CrI) and the highest probability of being the best treatment, followed closely by daptomycin (0.41 and 0.40 respectively).

D. 3 Methodology

Full details of the literature review, search strategies and methodology can be found in the YHEC report (91). 

D.4 Producing the network

Following the identification of relevant studies, theoretical networks were produced based on the interventions and comparators in each trial.  To achieve a NMA, the studies must form a connected network, i.e. the treatments of interest must link through a common comparator or comparators.  

[bookmark: _Ref281840325]The interventions assessed in the 15 eligible RCTs identified by the searches are summarised in Table 82.

Table 82: NMA: Relevant trials by treatment arm

	Study reference
	Tedizolid
	Tigecycline
	Ceftaroline
	Teicoplanin
	Linezolid
	Vancomycin
	Daptomycin
	Telavancin

	Aikawa 2013
	
	
	
	
	
	X
	X
	

	Evers 2013 
	
	
	
	
	
	
	X
	X

	Florescu 2008 
	
	X
	
	
	
	X
	
	

	Itani 2010 
	
	
	
	
	X
	X
	
	

	Kohno 2007 
	
	
	
	
	X
	X
	
	

	Lin 2008 
	
	
	
	
	X
	X
	
	

	Moran 2014 
	X
	
	
	
	X
	
	
	

	Pertel 2009 
	
	
	
	
	
	X
	X
	

	Prokocimer 2013 
	X
	
	
	
	X
	
	
	

	Sharpe 2005 
	
	
	
	
	X
	X
	
	

	Stevens 2002 
	
	
	
	
	X
	X
	
	

	Stryjewski 2008 
	
	
	
	
	
	X
	
	X

	Talbot 2007 
	
	
	X
	
	
	X
	
	

	Weigelt 2005*
	
	
	
	
	X
	X
	
	

	Wilcox 2004 
	
	
	
	X
	X
	
	
	


*	Additional data from the trial reported by Weigelt 2005 was also reported in a later publication by Itani 2005.  This feasibility assessment uses data from both publications, but for the purpose of the report, the trial will hereafter be referred to as Weigelt 2005.

Data extraction of each of the included studies in the SR was carried out by two independent reviewers using a standardised data extraction form to capture these similarity elements in DistillerSR software.  A third reviewer compared the extractions and highlighted any disagreements for discussion.

The studies were assessed using these data to determine whether they were sufficiently similar to combine in an NMA, and to assess which of the studies provided usable data for the outcomes of interest.  None of the 15 studies assessed in the feasibility assessment were excluded from the NMA.

[bookmark: _Ref281658021]The full network diagram showing all 15 included studies is at Figure 19.


Figure 19: Network diagram of studies of treatment of ABSSSI
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A feasibility assessment was undertaken to explore differences between the 15 included trials, as follows:

· Quality of Trials and Methods of Randomisation

All trials were reported to be randomised controlled trials, however, reporting of randomisation methods and methods of sequence generation were variable across the trials and unclear for many trials.  For the purpose of the network meta-analysis, it was assumed that the randomisation process was adequate.  The type and degree of blinding or allocation concealment was also variable across trials.  Seven trials were open-label  (Aikawa, 2013; Itani, 2010; Kohno, 2007; Sharpe, 2005; Stevens, 2002; Weigelt, 2005; Wilcox, 2004), three were single blind (Evers, 2013; Pertel, 2009; Talbot, 2007) (two in which the assessors were blinded (Pertel, 2009; Talbot, 2007), four were double blind (Moran, 2014; Prokocimer, 2013; Florescu, 2008; Stryjewski, 2008) and a further trial did not report details of blinding (lin, 2008). These differences represent a potential source of heterogeneity.

Across the trials, similar treatment time periods were assessed and the follow-up time was generally similar for the end of treatment and end of study time points.  With one exception (Lin, 2008), the proportion lost to follow up or where patient data were missing was similar across treatment arms within a trial and these proportions were generally similar across trials (with the exception of Wilcox 2004 and Stryjewski 2007).  Large proportions and/or different proportions lost to follow up between treatment arms can be a source of attrition bias.

· Analysis population

There was variety in the population groups analysed and several trials reported data for a number of populations.  A few trials assessed the ITT population, but most trials assessed a modified ITT comprising only those patients that received a baseline amount of a medicine, and/or patients that were evaluable (definitions varied across trials) or those that followed the protocol (to varying degrees).  There is no way to account for these differences in populations in a network meta-analysis; it is a fundamental limitation of the data available and represents a potential source of heterogeneity.  

· Participant Populations

Across the 15 trials and between treatment arms, populations were broadly similar in eligible age, actual age and gender proportions, although several populations were slightly older and two trials had comparatively low proportions of males in one treatment arm (Pertel, 2009; Sharpe, 2005). Where reported, the majority of participants were White, with Blacks and Asian/Other races making up the minority.  Race was not reported by the two Japanese trials (Aikawa 2013 and Kohno 2007), but we have assumed they were likely to have recruited a mainly Asian population, as indicated by the characteristically low body weight reported.  These two studies are different from the mainly white and relatively heavier participants of the other studies where race and body weight/BMI were reported.  The racial difference between the two Japanese trials and the other 13 trials suggests a source of heterogeneity in baseline population characteristics, but this is unlikely to affect the relative difference between the treatments being assessed.

Diagnostic work up was generally well reported by the trials, but there were some differences in the criteria used to determine infection and/or MRSA infection.  This is likely to be due to the variability of presentation of infection symptoms.  Differences between studies generally reflected differences in the population groups assessed by studies. For example, some studies required a suspected or proven MRSA infection (e.g. Itani 2010), while others used only clinical signs of SSSI (e.g. Evers 2013) as diagnostic tools.  The inclusion criteria for this review required a ‘suspicion’ of MRSA, however the implications of this lack of a rigorous definition should be acknowledged: populations in the studies may not all have had an MRSA-associated infection.

With the exception of the differences in diagnostic work-up between studies, and the racial difference of the two Japanese trials, the baseline population characteristics of the included trials did not present major heterogeneity for the proposed NMA.

Variability exists between the trials in the proportions of patients with cellulitis, wounds, abscess, and other types of infection, each varying from around 10% up to 50%.  The variability was generally between trials rather than between treatment arms of a trial.  Some studies, particularly those that also included patients with non-SSSI infections, did not report the infection details and the type of infection was not taken into consideration in the NMA.  Trials also varied in the proportion of patients with confirmed MRSA.  This variability reflects the different scope of the trials, some of which focused on MRSA (Florescu, 2008), whereas other trials had a wider scope of infective agents (Talbot, 2007).

Previous, potentially effective antibiotic treatment was generally reported as an exclusion criterion for entry into the trials.  Where details of prior therapy were reported, most trials allowed some degree of concomitant therapy or antibiotic use.  Coexisting diseases, where reported, occurred in similar proportions between treatment arms of a trial, although there were wide differences in the proportion of patients with diabetes across trials.  Values were generally similar between treatment arms and across studies for other reported baseline characteristics.

With the exception of the variability in the infection details between studies, the baseline population characteristics of the included trials did not present major heterogeneity for the NMA.

· Trial Circumstances

Where reported, the location of trials was North America, Europe, Japan, China, South America, Latin America and elsewhere in Asia, with ten of the trials being multinational.  Two trials did not report a location.  The setting of the trials was generally unreported, though where reported, it was clinical or medical sites.  All trials were conducted from July 1998 onwards.  The circumstances of the included trials did not present major heterogeneity for the NMA.

· Common Treatment Arms

Similarity assessments of the treatment arms common to more than one study, and that feature in the NMA, was also explored.  For each of the treatments, the treatment dose, schedule and duration were similar across trials, and do not present heterogeneity issues for the potential NMA, with the exception of vancomycin where the treatment duration was 7-14 days in 7 studies, and up to 21-28 days in the other four studies, three of which included patients with a range of infections (i.e. not restricted to skin infections) which could explain the longer treatment duration (Florescu, 2008; Kohno, 2007; Lin, 2008). There were some differences in the administration methods for both tedizolid phosphate and linezolid, both treatments could be administered orally or intravenously.

· Outcomes of Interest

Clinical response

Definition of response

All but one of the trials stated that patients with a resolution or improvement in key clinical symptoms, or a cessation of infection spread were classed as responders.  Only Itani 2010 did not report the details of assessment (Itani, 2010).  Although there were differences in the details of assessment reported in each trial, the trials were deemed similar enough to facilitate comparison in a network.  

Time points of assessment

Clinical response data were collected at three main time points in the trials assessed:

· Early assessment (48-72 hours after first dose);
· End of treatment (within 48 hours of final treatment);
· Post treatment evaluation/test of cure (1-3 weeks following final treatment).

However, only two trials reported data on early clinical response (48-72 hours after the first dose of study medication) (Prokocimer, 2013; Moran, 2014) so networks were only possible for the end of treatment assessment and for post treatment evaluation.

Nephrotoxicity

Relevant data were available from two trials for this outcome (Prokocimer, 2013; Stryjewski, 2008).  The two trials compared tedizolid vs. linezolid and vancomycin vs. telavancin.  The trials do not share a common treatment arm so a NMA could not be conducted.

Discontinuation due to adverse events

Relevant data were available from seven trials  (Moran, 2014; Prokocimer, 2013; Aikawa, 2013; Pertel, 2009; Stryjewski, 2008; Talbot, 2007; Weigelt, 2005). The data were reported for either ITT or modified / all-treated populations.  A further three trials reported discontinuations due to adverse events, but they did not report results separately for the subgroups of patients with SSSI (Florescu, 2008; Kohno, 2007; Stevens, 2002). There was limited reporting of the definition of adverse events by many of the trials, but the definitions were assumed to be similar for the purpose of these analyses.

With the limited data available, all three networks were not achievable for each outcome.  Table 83 identifies which treatments are included in each study and also identifies which studies are included in each of the networks possible with the data available.
[bookmark: _Ref281840548][bookmark: _Ref281662067]Table 83: Summary of treatments assessed in each trial and the networks possible with the available data
	
	Treatments
	Outcomes Assessed

	Study reference
	Tedizolid
	Tigecycline
	Ceftaroline
	Teicoplanin
	Linezolid
	Vancomycin
	Daptomycin
	Telavancin
	EOT – all
	EOT – ITT/mITT only
	PTE/TOC – all
	PTE/TOC – ITT/mITT only
	EOS/PTE/TOC – MRSA only
	Discontinuation due to AE - all

	Aikawa 2013 
	
	
	
	
	
	X
	X
	
	
	
	X
	X
	X
	X

	Evers 2013 
	
	
	
	
	
	
	X
	X
	
	
	X
	X
	
	

	Florescu 2008 
	
	X
	
	
	
	X
	
	
	
	
	X
	X
	X
	

	Itani 2010 
	
	
	
	
	X
	X
	
	
	X
	X
	X
	X
	X
	

	Kohno 2007 
	
	
	
	
	X
	X
	
	
	X
	
	X
	
	X
	

	Lin 2008 
	
	
	
	
	X
	X
	
	
	X
	
	X
	
	
	

	Moran 2014 
	X
	
	
	
	X
	
	
	
	X
	X
	X
	X
	
	X

	Pertel 2009 
	
	
	
	
	
	X
	X
	
	
	
	X
	X
	
	X

	Prokocimer 2013 
	X
	
	
	
	X
	
	
	
	X
	X
	X
	X
	X
	X

	Sharpe 2005 
	
	
	
	
	X
	X
	
	
	
	
	X
	X
	X
	

	Stevens 2002 
	
	
	
	
	X
	X
	
	
	
	
	X
	X
	X
	

	Stryjewski 2008 
	
	
	
	
	
	X
	
	X
	
	
	X
	X
	X
	X

	Talbot 2007 
	
	
	X
	
	
	X
	
	
	X
	
	X
	X
	
	X

	Weigelt 2005 
	
	
	
	
	X
	X
	
	
	
	
	X
	X
	
	X

	Wilcox 2004 
	
	
	
	X
	X
	
	
	
	X
	X
	
	
	
	


EOT- clinical response at the end of treatment, ITT- intention to treat, mITT- modified intention to treat, PTE- clinical response at the post treatment evaluation, TOC- clinical response at the test of cure, AE- adverse events.

Conclusions of the Feasibility Assessment
While there were some differences in the methodology employed and patient populations included in the identified trials, the studies were deemed similar enough to derive reasonable estimates of the comparative efficacy of the treatments using methods of indirect treatment comparison.

The difference in the analysis populations across the trials was considered a notable source of heterogeneity.  There is no way to account for these differences in populations in a NMA; it is a fundamental limitation of the data available.  Therefore, these differences were explored further in a sensitivity analysis.  The primary network analysed included all trials with data for the particular outcome.  Where data were reported for multiple populations in one trial, data for the ITT population was used or the population that most closely resembled the ITT.  A second network was then analysed including only the trials reporting data for an ITT or modified population.

The primary population of interest to this review was patients with MRSA-associated ABSSSI. However, several of the trials included patients with infections caused by other gram positive pathogens.  For this reason, a third network was also explored for each outcome which included only trials of patients with confirmed MRSA or trials reporting data for subgroups of patients with confirmed MRSA. This analysis included data from an additional phase 3 trial of ceftaroline vs. vancomycin plus aztreonam.  This study did not feature in the main review because studies assessing combinations of treatments were not eligible for inclusion. However, because aztreonam primarily targets Gram-negative pathogens, it was decided that it would be appropriate to include it in a supplementary network.

D. 5 Results

The results of the NMA were analysed by network (‘all trials’, ITT/mITT and MRSA-only) for three of the outcomes of interest: clinical response at the end of treatment, clinical response at the PTE visit or ‘test of cure’ point, and discontinuation due to AE. It was not possible to create a connected network comparing tedizolid and the comparators of interest for the other two outcomes of interest. 

A summary of the results for the ‘all trials’ and ‘ITT/mITT’ networks is provided below in section D.5.1 The full results for these two networks are presented in the YHEC report (91).

The full results for the MRSA-only network (fixed effect model) are presented below in section D.5.2 below. Results for the MRSA-only network (random effects model) are presented in the YHEC report (91).

In addition, a post-hoc analysis of the MRSA sub-group was subsequently conducted which included the Corey 2010 study which compares ceftaroline to vancomycin plus aztreonam (excluded from the primary review because of the combination treatment arm), as well as the Talbot 2007 study)(see commentary below). Results for this post-hoc analysis  - which explored the clinical response at the PTE or Test for Cure outcome only in the MRSA population - are shown below in section D.5.3.

D. 5.1 ‘All trials’ and ‘ITT/mITT’ networks

Clinical response at the end of treatment

In the all trials network using the fixed effects model, the odds of a clinical response at the end of treatment were 1.7 [95% credible intervals (CrI) 1.0, 3.0] for tedizolid vs. vancomycin and 1.8 [CrI 1.1, 2.9] for linezolid vs. vancomycin. This suggests that the odds of a clinical response at the end of treatment are almost twice as high for both tedizolid and linezolid when compared to vancomycin.  There was no evidence of a difference between any of the other comparisons assessed.

For the ITT/mITT network, there was no evidence of a difference between any of the comparisons with the fixed effects model.  Estimates for this network were assessed using data from only four studies so the absence of statistical differences could be due to the limited data rather than the absence of an effect.

Ceftaroline had the highest estimated event probability in the all trials network followed by tedizolid and linezolid (fixed effects estimates 0.55, 0.24 and 0.16 for the three treatments respectively). In the absence of ceftaroline in the ITT/mITT network, linezolid had the highest estimated event probability followed by tedizolid (0.53 and 0.41 respectively).  In all cases CrI were wide, indicating uncertainty in the point estimates.

Clinical response at the post treatment evaluation or test of cure 

In the all trials and the ITT/mITT networks, the results from the fixed effect analysis suggest that odds of a clinical response at the post treatment evaluation or test of cure are higher for both tedizolid and linezolid when compared to vancomycin (OR: 1.6 [CrI 1.1, 2.5] and OR: 1.6 [CrI 1.3, 2.1] respectively) and for linezolid compared to telavancin (OR: 1.5 [CrI 1.0-2.0]).  There was no evidence of a difference between any of the other comparisons assessed.

For both all trials and ITT/mITT networks the ceftaroline treatment had the highest probability of being the best treatment from the fixed effect analysis.  Ceftaroline did not feature in the MRSA only network.  Tedizolid was the treatment with the highest probability of being the best followed by linezolid (0.37 and 0.26 respectively).

Discontinuation due to AE

There was no evidence of a difference between any of the treatments for discontinuation due to AE using the fixed effect model.  Tedizolid had the lowest probability of discontinuation due to AE (and also the narrowest CrI) and the highest probability of being the best treatment, followed by daptomycin (0.41 and 0.40 respectively).

D.5.2  MRSA-only network
Assessment of heterogeneity and inconsistency

For the outcome of clinical response at the PTE of test of cure, only one pairwise treatment comparison was informed by more than one trial (linezolid versus vancomycin).  Similarly to the results for the all trials and ITT/mITT populations, significant heterogeneity was found for this comparison.  

In this case the I-squared statistic is 72% suggesting moderate to high heterogeneity between the trials.  In addition, the p-value for the Q statistic is 0.0134, which provides further evidence of significant heterogeneity. Similar results were found for the all trials and the ITT/mITT population.

In Figure 20, the Sharpe 2005 study stands out for having a high odds ratio compared to the other studies.  There is also little overlap between its confidence interval and the rest.  This may explain the heterogeneity identified for this meta-analysis.  No obvious differences were found between Sharpe 2005 and the other studies to justify its exclusion from the dataset.  Moreover, because this is quite a small study its exclusion is unlikely to have a big effect on the results of the meta-analysis.
[bookmark: _Ref281664669]Figure 20: Clinical response at the post treatment evaluation of test of cure: MRSA only.  Pairwise meta-analysis of Linezolid vs. Vancomycin
[image: ]
[bookmark: _Ref397351186]Exclusion of the Talbot 2007 study from the ‘clinical response at the post treatment evaluation or test of cure: MRSA only’ outcome dataset

The Talbot 2007 study was the only study informing the ceftaroline versus vancomycin comparison.  For the MRSA only population this study only had five patients in each arm.  Moreover, for vancomycin all of the five patients had the clinical response.  The lack of data for this comparison led to problems when fitting NMA models for this outcome.  Results could only be obtained when using a different, more informative prior:  instead of .  Even for this prior the CrI for comparisons involving ceftaroline were very wide.

This is likely to be a consequence of the lack of information to estimate comparisons involving ceftaroline.  It was therefore decided not to estimate the ceftaroline versus vancomycin comparison and the Talbot 2007 study was dropped from the analysis.  As a consequence, comparisons involving ceftaroline were not estimated for the ‘clinical response at the post treatment evaluation or test of cure: MRSA only’ outcome.
Results of the NMA, MRSA-only network

The forest plots for the NMA results are presented as tedizolid versus all other treatments.  The results for the fixed effect model are shown in 
Figure 21 and those for the random effects model are in Appendix F.  Since the Talbot 2007 study was excluded from this network, no comparisons involving the ceftaroline treatment have been estimated.

[bookmark: _Ref397416228]All CrI in 
Figure 21 include 1, which suggests that tedizolid is no different to the other treatments for post clinical evaluation or test of cure when looking at the MRSA only population. The same conclusions were arrived at when using the random effects model.
[bookmark: _Ref281664932]
Figure 21: Clinical response at the post treatment evaluation or test of cure: MRSA only population.  Odds ratios (fixed effect model)

[image: ]

A matrix table including point estimates of the odds ratios accompanied by 95% CrI for all available treatment comparisons is shown in Table 84 for the fixed effect model.

The linezolid versus vancomycin comparison had a CrI that did not include one.  In this case the odds of a clinical response at the end of treatment were higher for linezolid than vancomycin, suggesting the superiority of the first treatment.  This was also the case when random effects were used.

Comparisons for which the 95% CrI does not include one have been highlighted.



[bookmark: _Ref397416333]
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[bookmark: _Ref281840853]Table 84: Clinical response at the post treatment evaluation or test of cure: MRSA only population.  Odds ratios and 95% CrI (fixed effect model)
	Treatment
	Tedizolid
	Daptomycin
	Linezolid
	Telavancin
	Tigecycline
	Vancomycin

	Tedizolid
	
	2.1 [0.4, 13.4]
	1.0 [0.4, 2.3]
	1.1 [0.4, 3.0]
	3.2 [0.7, 20.0]
	1.6 [0.7, 4.0]

	Daptomycin
	0.5 [0.1, 2.5]
	
	0.5 [0.1, 1.9]
	0.5 [0.1, 2.2]
	1.6 [0.2, 12.6]
	0.8 [0.2, 3.1]

	Linezolid
	1.0 [0.4, 2.4]
	2.1 [0.5, 11.3]
	
	1.1 [0.6, 2.0]
	3.3 [0.9, 16.8]
	1.7 [1.2, 2.3]

	Telavancin
	0.9 [0.3, 2.7]
	2.0 [0.4, 11.0]
	0.9 [0.5, 1.7]
	
	3.1 [0.8, 16.2]
	1.5 [0.9, 2.6]

	Tigecycline
	0.3 [0.1, 1.5]
	0.6 [0.1, 5.1]
	0.3 [0.1, 1.1]
	0.3 [0.1, 1.3]
	
	0.5 [0.1, 1.8]

	Vancomycin
	0.6 [0.2, 1.5]
	1.3 [0.3, 6.6]
	0.6 [0.4, 0.8]
	0.7 [0.4, 1.1]
	2.0 [0.6, 9.7]
	


Green cells indicate comparisons where the 95% CrI does not include one.
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The point estimates and 95% CrI for the absolute treatment effects are shown in Table 85.  These are given in the natural (probability) scale.  
[bookmark: _Ref281665515]Table 85: Clinical response at the post treatment evaluation or test of cure: MRSA only population.  Point estimates and 95% CrI (fixed effect model)
	Treatment
	Treatment effect
(Point estimate and 95% CrI)

	Tedizolid
	0.86 [0.00, 1.00]

	Linezolid
	0.86 [0.00, 1.00]

	Telavancin
	0.85 [0.00, 1.00]

	Vancomycin
	0.79 [0.00, 1.00]

	Daptomycin
	0.74 [0.00, 1.00]

	Tigecycline
	0.65 [0.00, 1.00]



Tedizolid and linezolid have the highest estimated probability of clinical response at the end of post treatment evaluation or test of cure when the MRSA only population data are considered.  The very wide CrI are an indication of the uncertainty in the point estimates.  Similar results were found for the random effects model although the point estimates for some of the treatments were slightly lower.

Table 86 gives the probabilities that each treatment is best for the fixed effect model.  The treatment with the highest estimated probability has been highlighted.  Tedizolid has the highest estimated probability of being the best treatment, followed by linezolid and telavancin.  Similar results were found for the random effects model.
[bookmark: _Ref281665664]Table 86: Clinical response at the post treatment evaluation or test of cure: MRSA only population.  Best treatment probabilities (fixed effect model)
	Treatment
	Probability of treatment being best

	Tedizolid
	0.37

	Linezolid
	0.26

	Telavancin
	0.25

	Daptomycin
	0.10

	Tigecycline
	0.02

	Vancomycin
	0.00


Green cells indicate treatment with the highest estimated probability of being the best treatment.


D.5.3  Post-hoc analysis: Clinical Response at the Post Treatment Evaluation or Test for Cure – MRSA only

As noted above, a post-hoc analysis of the MRSA sub-group was subsequently conducted for the outcome of clinical response at the PTE or Test of Cure visit only. This post-hoc analysis included both the Corey 2010 study and the Talbot 2007 study. As a consequence it is now possible to estimate comparisons involving ceftaroline.

[bookmark: _Toc405365482]Heterogeneity and Inconsistency

With the inclusion of the Corey 2010 and Talbot 2007 trials, the ceftaroline vs. vancomycin comparison was now informed by more than one trial for this outcome.  An ordinary meta-analysis was performed for this comparison.  A forest plot for this comparison is presented in Figure 22. In this case, the I-squared statistic is zero suggesting that heterogeneity between the studies is not important.  In addition, tau-squared is also zero and the Q statistic p-values does not suggest significance.
[bookmark: _Ref282267651]Figure 22: Clinical response at the post treatment evaluation or test of cure: MRSA only population.  Pairwise meta-analysis of ceftaroline vs. vancomycin
[image: ]

[bookmark: _Toc405365483]Fixed effect model

The forest plots for the NMA results are presented as tedizolid versus all other treatments.  The results for the fixed effect model are shown in Figure 23.
[bookmark: _Ref282267700]Figure 23: Post-hoc analysis: Clinical response at the post treatment evaluation or test of cure: MRSA only population.  Odds ratios (fixed effect model)
[image: ]
All CrI in Figure 23 include 1, which suggests that tedizolid is no different from the other treatments for post clinical evaluation or test of cure when looking at the MRSA only population. The same conclusions were arrived at when using the random effects model (see below).  

A matrix table including point estimates of the odds ratios accompanied by 95% CrI for all available treatment comparisons is shown in Table 87 for the fixed effect model.

The linezolid versus vancomycin comparison had a CrI that did not include one.  In this case the odds of a clinical response at the end of treatment were higher for linezolid than vancomycin, suggesting the superiority of the first treatment.  This was not the case when random effects were used.
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[bookmark: _Ref282267876]Table 87: Post-hoc analysis: Clinical response at the post treatment evaluation or test of cure: MRSA only population.  Odds ratios and 95% CrI (fixed effect model)
	Treatments
	Tedizolid
	Ceftaroline
	Daptomycin
	Linezolid
	Telavancin
	Tigecycline
	Vancomycin

	Tedizolid
	 
	1.2 [0.4, 3.6]
	2.1 [0.4, 13.5]
	1.0 [0.4, 2.3]
	1.1 [0.4, 3.0]
	3.2 [0.7, 20.0]
	1.6 [0.7, 4.0]

	Ceftaroline
	0.8 [0.3, 2.5]
	 
	1.7 [0.4, 9.8]
	0.8 [0.4, 1.6]
	0.9 [0.4, 1.9]
	2.7 [0.6, 14.5]
	1.3 [0.7, 2.4]

	Daptomycin
	0.5 [0.1, 2.5]
	0.6 [0.1, 2.6]
	 
	0.5 [0.1, 1.9]
	0.5 [0.1, 2.2]
	1.6 [0.2, 12.7]
	0.8 [0.2, 3.1]

	Linezolid
	1.0 [0.4, 2.4]
	1.2 [0.6, 2.5]
	2.1 [0.5, 11.3]
	 
	1.1 [0.6, 2.0]
	3.3 [0.9, 16.9]
	1.7 [1.2, 2.3]

	Telavancin
	0.9 [0.3, 2.7]
	1.1 [0.5, 2.6]
	2.0 [0.5, 11.0]
	0.9 [0.5, 1.7]
	 
	3.0 [0.8, 16.4]
	1.5 [0.9, 2.6]

	Tigecycline
	0.3 [0.0, 1.5]
	0.4 [0.1, 1.6]
	0.6 [0.1, 5.1]
	0.3 [0.1, 1.1]
	0.3 [0.1, 1.3]
	 
	0.5 [0.1, 1.8]

	Vancomycin
	0.6 [0.2, 1.5]
	0.7 [0.4, 1.4]
	1.3 [0.3, 6.6]
	0.6 [0.4, 0.8]
	0.7 [0.4, 1.1]
	2.0 [0.6, 9.8]
	 


Green cells indicate comparisons where the 95% CrI does not include one.



The point estimates and 95% CrI for the absolute treatment effects are shown in Table 88. These are given in the natural (probability) scale.
[bookmark: _Ref282267936]Table 88: Post-hoc analysis: Clinical response at the post treatment evaluation or test of cure: MRSA only population.  Point estimates and 95% CrI (fixed effect model)
	Treatment
	Treatment effect
(Point estimate and 95% CrI)

	Tedizolid
	0.86 [0.00, 1.00]

	Linezolid
	0.86 [0.00, 1.00]

	Telavancin
	0.85 [0.00, 1.00]

	Ceftaroline
	0.83 [0.00, 1.00]

	Vancomycin
	0.79 [0.00, 1.00]

	Daptomycin
	0.74 [0.00, 1.00]

	Tigecycline
	0.64 [0.00, 1.00]



Tedizolid and linezolid have the highest estimated probability of clinical response at the end of post treatment evaluation or test of cure when the MRSA only population data are considered.  The very wide CrI are an indication of the uncertainty in the point estimates.  Similar results were found for the random effects model although the point estimates for some of the treatments were slightly lower.

Table 89 gives the probabilities that each treatment is best for the fixed effect model.  The treatment with the highest estimated probability has been highlighted.  Tedizolid has the highest estimated probability of being the best treatment, followed by linezolid and telavancin.  Similar results were found for the random effects model.
[bookmark: _Ref282268167]Table 89: Post-hoc analysis: Clinical response at the post treatment evaluation or test of cure: MRSA only population.  Best treatment probabilities (fixed effect model)
	Treatment
	Probability of treatment being best

	Tedizolid
	0.35

	Telavancin
	0.21

	Linezolid
	0.21

	Ceftaroline
	0.12

	Daptomycin
	0.09

	Tigecycline
	0.02

	Vancomycin
	0.00


Green cells indicate treatment with the highest estimated probability of being the best treatment.

[bookmark: _Toc405365484]Random Effects Model

The forest plots for the random effects model of the NMA are presented as tedizolid versus all other treatments (
Figure 24).

[bookmark: _Ref282268268][bookmark: _Ref282268251]
Figure 24: Post-hoc analysis: Clinical response at the post treatment evaluation or test of cure: MRSA only population. Odds ratios (random effects model)

[image: ]

Similarly to the results obtained for the fixed effect model, all CrI include 1.

A matrix table including point estimates of the odds ratios accompanied by 95% CrI for all available treatment comparisons is shown in Table 90 for the random effects model.  The only difference in conclusions from the fixed effect model is that the CrI for the linezolid versus vancomycin comparison did not include 1 for the fixed effect model.



[bookmark: _Ref282268359]Table 90: Post-hoc analysis: Clinical response at the post treatment evaluation or test of cure: MRSA only population. Odds ratios and 95% CrI (random effects model)

	Treatments
	Tedizolid
	Ceftaroline
	Daptomycin
	Linezolid
	Telavancin
	Tigecycline
	Vancomycin

	Tedizolid
	 
	2.4 [0.1, 257.9]
	2.9 [0.0, 265.5]
	1.0 [0.1, 16.1]
	1.4 [0.0, 114.5]
	4.5 [0.1, 409.1]
	2.2 [0.1, 60.0]

	Ceftaroline
	0.4 [0.0, 12.6]
	 
	1.2 [0.0, 39.7]
	0.4 [0.0, 4.2]
	0.6 [0.0, 15.7]
	1.8 [0.0, 60.0]
	0.9 [0.0, 7.1]

	Daptomycin
	0.3 [0.0, 22.7]
	0.9 [0.0, 63.5]
	 
	0.3 [0.0, 8.0]
	0.5 [0.0, 28.6]
	1.6 [0.0, 107.1]
	0.8 [0.0, 14.9]

	Linezolid
	1.0 [0.1, 16.6]
	2.5 [0.2, 85.4]
	3.0 [0.1, 98.0]
	 
	1.5 [0.1, 38.9]
	4.6 [0.2, 150.4]
	2.3 [0.6, 11.2]

	Telavancin
	0.7 [0.0, 35.9]
	1.6 [0.1, 108.3]
	2.0 [0.0, 112.9]
	0.7 [0.0, 12.2]
	 
	3.1 [0.1, 175.8]
	1.5 [0.1, 22.8]

	Tigecycline
	0.2 [0.0, 14.1]
	0.5 [0.0, 40.2]
	0.6 [0.0, 44.2]
	0.2 [0.0, 5.1]
	0.3 [0.0, 18.0]
	 
	0.5 [0.0, 9.4]

	Vancomycin
	0.5 [0.0, 8.8]
	1.1 [0.1, 21.1]
	1.3 [0.1, 27.4]
	0.4 [0.1, 1.6]
	0.7 [0.0, 10.3]
	2.0 [0.1, 41.5]
	 





The point estimates and 95% CrI for the absolute treatment effects are shown in Table 91. These are given in the natural (probability) scale.
[bookmark: _Ref282268541]Table 91: Post-hoc analysis: Clinical response at the post treatment evaluation or test of cure: MRSA only population. Point estimates and 95% CrI (random effects model)
	Treatment
	Absolute effect
(point estimates and 95% CrI)

	Tedizolid
	0.86 [0.00, 1.00]

	Linezolid
	0.86 [0.00, 1.00]

	Telavancin
	0.80 [0.00, 1.00]

	Vancomycin
	0.72 [0.00, 1.00]

	Ceftaroline
	0.69 [0.00, 1.00]

	Daptomycin
	0.67 [0.00, 1.00]

	Tigecycline
	0.56 [0.00, 1.00]



Results are similar to those for the fixed effect model.  However the point estimates for some of the treatments were slightly higher for the fixed effect model.

Finally, Table 92 gives the probabilities that each treatment is best for the random effects model.  The treatment with the highest estimated probability has been highlighted.
[bookmark: _Ref282268609]Table 92: Post-hoc analysis: Clinical response at the post treatment evaluation or test of cure: MRSA only population. Best treatment probabilities (random effect model)
	Treatment
	Probability of treatment being best

	Tedizolid
	0.34

	Linezolid
	0.21

	Telavancin
	0.20

	Daptomycin
	0.11

	Ceftaroline
	0.08

	Tigecycline
	0.06

	Vancomycin
	0.00



In both models, tedizolid has the highest estimated probability of being the best treatment, followed by linezolid and telavancin.
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Tedizolid v Linezolid

Tedizolid _ Linezolid Odds ratio

Study Events Total Events Total (35% CICrl)
Prokocimer2013 75 88 77 90 10[04,22]
Fixed Effect ITC 1.0[0.4,23]
Tedizolid v Ceftaroline 0dds ratio

(95% CliCrl)
Fixed Effect ITC 1.2[0.4,3.6]
Tedizolid v Daptomycin 0dds ratio

(95% CliCrl)
Fixed Effect ITC 21[0.4,13.5]
Tedizolid v Telavancin 0dds ratio

(95% CliCrl)
Fixed Effect ITC 1.1[0.4,3.0]
Tedizolid v Tigecycline 0dds ratio

(95% CliCrl)
Fixed Effect ITC 3.2[0.7,20.0]
Tedizolid v Vancomycin 0dds ratio

(95% CliCrl)
Fixed Effect ITC 16[0.7, 4.0]
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Tedizolid v Linezolid
Tedizolid _ Linezolid Odds ratio

Study Events Total Events Total (35% CIICrl)
Prokocimer2013 75 88 77 90 10[04,22]
Random Effect ITC 1.0[0,16.1]
Tedizolid v Ceftaroline 0dds ratio

(95% CliCrl)
Random Effect ITC 2.410.1,257.9]
Tedizolid v Daptomycin 0dds ratio

(95% CliCrl)
Random Effect ITC 2.9[0.0, 265.5]
Tedizolid v Telavancin 0dds ratio

(95% CliCrl)
Random Effect ITC 1.4[0.0,114.5]
Tedizolid v Tigecycline 0dds ratio

(95% CliCrl)

Random Effect ITC 45[0.1,409.1]

Tedizolid v Vancomycin 0dds ratio
(95% CliCrl)
Random Effect ITC 2.2[0.1, 60.0]
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