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PROTOCOL SUMMARY

Title

MicroGuide2: A randomized controlled trial of the impact of MicroGuide™ computerized
decision support modules on antimicrobial prescribing behaviours and clinical outcomes.

Supplier/Collaborator

Chief Investigator: Dr Philip Scott, Programme Director, University of Wales, Trinity St David,
Principal Investigators: Dr Kieran Hand, National Pharmacy and Prescribing Clinical Lead for AMR,
NHS England; Prof Sue Latter, School of Health Sciences, University of Southampton.

Rationale Implementing a decision support module within the MicroGuide application will improve the
quality of antimicrobial prescribing resulting in better clinical and microbiological outcomes.

Primary Objective(s) To determine whether there are statistically significant and clinically significant changes in broad-
spectrum antimicrobial prescribing caused by implementation of decision support modules
(DSMs) for common infections within the MicroGuide application.

Study Design Two-arm parallel randomized controlled trial, with NHS Trust as the unit of analysis.

Study Population Acute NHS Trusts in England that already use MicroGuide (n=107).

Study Duration Two years (one year intervention period). NHS Trusts randomized to arm A will receive the

intervention for twelve months and NHS Trusts randomized to arm B will act as control.

Exposure and Outcome

Exposure = access to MicroGuide decision support modules for five common infections:
community-acquired pneumonia; hospital-acquired pneumonia; urinary tract infection; skin and
skin structure infection; intra-abdominal infection.

Control = continued access to traditional MicroGuide browse format and local guidance.

Primary quantitative outcome:

a. Carbapenem prescribing volume measured as Defined Daily Doses (DDD) per thousand
admissions per NHS Trust aggregated at hospital Trust level.

Secondary quantitative outcomes:

a. Piperacillin-tazobactam prescribing volume measured as DDD per thousand
admissions per NHS Trust aggregated at hospital Trust level.

b. Antimicrobial resistance rates (E. coli resistance to piperacillin-tazobactam).

c. MicroGuide software usage levels and patterns of use.

Tertiary quantitative outcomes:

a. Aggregate outcome data, excluding diagnosis or antimicrobial, for adult inpatients with
coded diagnosis of any of the infections covered by the decision support modules:
length-of-stay, 30-day readmission, ICU admission and in-hospital mortality.

Qualitative outcomes:
a. Opinions of decision support module users at participating hospitals (interviews).

Statistical Methods

The primary quantitative outcome will be analysed by independent t-test of intervention against
control arms, using monthly carbapenem prescribing data from June 2022 to April 2023.
Secondary quantitative outcomes (a) and (b) will use the same method as the primary outcome.
Tertiary outcomes will use the same method as the primary outcome or the Mann-Whitney U Test
dependent upon the distribution of the variable. All quantitative outcome variables will be analysed
independently using aggregated hospital-level data and it will not be possible, nor any

attempt made, to link prescribing and clinical outcome data at the individual patient level.
Secondary quantitative outcome (c) will be analysed by descriptive and exploratory statistics.
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Sample Size and Power Calculations

Based on middle quintile carbapenem prescribing volumes at baseline (2021-2022 Q1), the study
will have 80%

power («=0.05) to detect a change of 20% in the primary outcome with 8 NHS Trusts per arm.
Sites will be screened for participation to optimize study power, based on statistical variation.

Limitations

Hospital participation in the study may be limited by operational pressures including COVID- 19
recovery or resurgence. Prescriber adoption and usage of MicroGuide is entirely voluntary so
implementation rates may vary between institutions. DSMs will be developed by

the project team, in collaboration with each NHS Trust. Statistical analysis will need to adjust for
secular trends.
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1  Background and Rationale

1.1 Background

Infection is a common medical condition typically managed by non-specialists and trainee doctors report a
lack of knowledge and confidence with regard to antimicrobial prescribing. [1-3] Antimicrobial resistance
(AMR) varies according to pathogen epidemiology, geographical location and clinical setting, adding to
prescribing complexity, with antimicrobial overuse and misuse commonplace, potentially exacerbating the
problem of AMR.[4-6]

Clinical guidelines are a commonly-used antimicrobial stewardship intervention to facilitate safe and
effective antimicrobial prescribing by non-specialists, with adherence to guidelines associated with reduced
antimicrobial prescribing and lower mortality.[7-10] Conversely, prescribing off-guideline is associated with
prescribing of broader spectrum antibiotics but not necessarily with better targeting of the likely
pathogens.[11, 12] However, doctors report problems with guidelines, including version control and lack of
accessibility in the work environment. Surveys of doctors reveal a demand for improved accessibility of
guidelines, including via smartphones. [13-16] Emerging evidence demonstrates that providing antimicrobial
prescribing guidelines and policies through the medium of a mobile device application can improve guideline
adherence and policy compliance [17, 18] enhancing physician knowledge and impacting antimicrobial
prescribing behaviour.[19, 20]

MicroGuide™ is a software application (app) for mobile electronic devices and web browser, providing a
platform for locally-adaptable antimicrobial treatment guidelines and infection management advice for
common infections, developed in response from feedback from trainee doctors. MicroGuide was co-
designed and developedin 2011-12 by Horizon Strategic Partners (HSP) Ltd (now part of Induction Healthcare
Group plc) and University Hospital Southampton NHS Foundation Trust in the United Kingdom (UK) and,
from 2013, the app was licensed to other healthcare organisations in the UK and internationally.[21, 22]
MicroGuide is currently licensed to 147 healthcare providers in primary and secondary care in 18 countries,
including 91 of the 152 acute hospital Trusts in the National Health Service (NHS) in England and 5 healthcare
organisations in the United States.[23] Each hospital has editorial independence to modify the app content
to reflect local antimicrobial prescribing guidelines and to customise the app navigation architecture
according to the preferences of local clinicians.[24] To date, the app has been downloaded free-of-charge
over 250,000 times by users in 173 countries worldwide.

The basic MicroGuide app offers prescribers easy access to antimicrobial guidelines for quick reference, but
it does not offer structured decision support based on specific patient details. MicroGuide has the ability to
create decision support modules (DSMs) for particular conditions, so that prescribers can answer a series of
conditional questions about factors such as disease severity, allergies, resistance risks and pregnancy status
to be guided to a recommended choice of drugs or in some cases to seek further microbiology specialist
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1.2 Rationale

Clinical decision support (CDS) does not automatically improve practice. CDS is often ignored, over-ridden
or has unintended consequences. However, well-designed and well-implemented CDS can be welcomed by
clinicians and demonstrate improved guideline adherence. Four systematic reviews (including two meta-
analyses) of the impact of CDS on antimicrobial prescribing have been published within the last four
years.[25-28] Most of the identified studies are non-randomized and of low methodological quality and
considerable heterogeneity in CDS systems was reported. CDS was associated with an increase in
appropriate selection of effective (active in vitro against isolated pathogenic microorganism) antimicrobial
therapy, a reduction in mortality, decreased length of hospital stay, a reduction in treatment course length
and reduced overall antimicrobial consumption.

Some physicians are dubious about the value of CDS for antimicrobial prescribing and so far there is limited
evidence to show significant impact upon usage of broad-spectrum antimicrobial drugs or associated clinical
outcomes. The purpose of this study is to definitively answer the question whether CDS delivered through
the widely-adopted MicroGuide™ application can be shown to improve the clinical effectiveness and
appropriateness of antimicrobial prescribing.

Clinical risk management

It is a legal requirement under the Health and Social Care Act 2012 for all clinical decision support software
products used in the NHS in England to comply with the NHS Digital standards for clinical risk management,
known as DCB 0129 and DCB 0160 (https://digital.nhs.uk/services/clinical-safety/clinical-risk-
management- standards). This requirement is now aligned with the European regulations covering software
as amedical device.

DCB 0129 places responsibilities upon CDS software manufacturers and DCB 0160 places responsibilities
upon implementers of CDS software. The study team will work with each participating NHS Trust in the
intervention arm to develop DCB0129 and DCB 0160 documentation.

12Jul2021 PDC Restricted ©* Confidential — Limited Access 13
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2 Objectives and Hypotheses

The intervention arm comprises NHS Trusts that implement MicroGuide DSMs for five common infections:
community-acquired pneumonia; hospital-acquired pneumonia; urinary tract infection; skin and skin
structure infection; intra-abdominal infection. The control arm comprises NHS Trusts using the standard
‘browse’ version of MicroGuide.

2.1 Primary Objective(s) & Hypothesis(es)

(O17) To determine whether there are statistically significant and clinically significant changes in patterns of
carbapenem prescribing (data aggregated at hospital level) caused by implementation of decision support
modules (DSMs) for common infections within the MicroGuide™ application.

(H1) The intervention arm will show lower levels of carbapenem prescribing than the control arm over a twelve-
month period.

2.2 Secondary Objective(s) & Hypothesis(es)

(02) To determine whether there are statistically significant and clinically significant changes in patterns of
piperacillin-tazobactam prescribing caused by implementation of MicroGuide DSMs for common infections.

(0O3) To determine whether there are statistically significant and clinically significant changes in antimicrobial
resistance rates (E. coli resistance to piperacillin-tazobactam) caused by implementation of MicroGuide DSMs
for common infections.

(O4) To analyse the opinions of MicroGuide DSM users about the effectiveness and usability of the modules and
how they affect their prescribing practice.

(O5) To determine how quickly the MicroGuide DSMs are adopted in the intervention arm, whether usage is
sustained over the study period and whether there is variation in patterns of usage by site or condition.

(H2) The intervention arm will show lower levels of piperacillin-tazobactam prescribing than the control arm
over a twelve-month period.

(H3) The intervention arm will show lower levels of antimicrobial resistance rates (E. coli resistance to
piperacillin-tazobactam) than the control arm over a twelve-month period.
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2.3 Exploratory Objective(s) & Hypothesis(es)

(06) To determine for adult inpatients with a coded diagnosis matching any of the five MicroGuide DSMs
whether adoption of the DSMs significantly affects clinical outcomes: length-of-stay, 30-day readmission, ICU
admission and in-hospital mortality. Note: Data will be aggregated for the study population and it is neither
planned nor possible to link clinical outcome to antimicrobial prescribing.
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3 Methodology

3.1 Summary of Study Design

The study is a two-arm parallel randomized controlled trial (RCT).

The setting is acute NHS Trusts in England that already use MicroGuide, targetting the middle band of
carbapenem prescribing volume (defined below), measured as Defined Daily Doses (DDDs) per thousand
admissions.

The recruitment period will be from February to June 2022. The quantitative study period will be from June 2022
to April 2023.

The primary outcome data collection will comprise monthly data releases from RxInfo (https://www.rx-
info.co.uk/products/define/) and quarterly public data releases from Public Health England (PHE). Prescribing
data is aggregated at hospital level and individual patient prescribing data is not available or required.

The tertiary quantitative outcome data collection will comprise a 12-month extract from NHS Digital based on
the defined list of coded diagnoses. Clinical outcome data will be aggregated by NHS Trust for the cohort of
patients with a coded diagnosis of one or more of five common infections (community-acquired pneumonia;
hospital-acquired pneumonia; urinary tract infection; skin and skin structure infection; intra-abdominal
infection). Note: The NHS Digital data set does not and cannot contain individual patient outcome data or
treatment assignment details. Individual diagnoses or antimicrobial class(es) will not be identified in the data
set.

Qualitative data will be collected from interviews conducted between September 2022 and April 2023.

Note: References to PHE and NHS Digital in this document should be understood to include whatever successor
body assumes its duties for publishing antimicrobial prescribing data.

3.2 Study Population

NHS Trusts that already use MicroGuide.

Due to the wide variation in the primary outcome variable between NHS Trusts, the study will primarily seek to
recruit from a middle band of prescribing so as to limit variance and increase the power of the study to detect
significant change. This will be achieved by screening sites that offer to participate.

NHS Trust is the unit of analysis as the primary outcome data is only available at organizational unit level.

Each arm of the RCT will have the same number of NHS Trusts. The aim is to have 12 NHS Trusts per arm, but
the minimum viable number is 8 per arm. There are currently 107 NHS Trusts in England that use MicroGuide.
There are 21 NHS Trusts in the middle quintile of carbapenem prescribing volume among sites that use MicroGuide.
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All NHS Trusts that use MicroGuide will be invited to express interest to participate in the RCT. After screening,
participating sites will be randomized to intervention or control arms.

Recruiting primarily from a middle band of carbapenem prescribing potentially represents a threat to the
generalisability of the study findings but it is anticipated that any beneficial impact of the DSMs to acute NHS
Trustsin the middle band will be amplified in those Trusts in the higher quintiles. This research will be reported
transparently to emphasise the limitation that primary outcome findings may not be generalisable to acute NHS
Trusts that are already in the lower quintiles of carbapenem prescribing.

Clinical outcome data from NHS Digital for all adult patients admitted to hospitals in both intervention and control
arms during a period of 12 months and treated for any of the five common infections will be included.

3.3 Inclusion Criteria

Participant organisations will be recruited to the study from the following population (meeting all criteria):

e Acute NHS Trusts in England (to allow data extraction from PHE Fingertips website).

e Already using the MicroGuide application for at least 12 months (to allow for capture of baseline dataand
adjust for seasonality).

e Demonstrating carbapenem class antimicrobial consumption within the middle band for NHS Trusts in
England to optimize study power.

e Making antimicrobial treatment guidelines available on their hospital intranet (as an alternative to
MicroGuide) for the five common infections defined above.

e Willing to replace existing guidance for the five common infections (in browse format) within the
MicroGuide application with decision-support modules.

e Willing to allow organizationally identifiable data extraction from RxInfo for monthly carbapenem
prescribing volumes.

Allinclusion and exclusion criteria will be reviewed by the investigator or qualified designee to ensure that the
subject qualifies for the study.

3.4 Exclusion Criteria

Healthcare organisations not meeting the inclusion criteria or declining to participate will be excluded.
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4  \Variables and Epidemiological Measurements

4.1 Outcomes

Primary outcome: Carbapenem prescribing volume has been selected as the primary outcome variable
because it is widely accepted as a key indicator for antimicrobial stewardship and the aggregated data are
readily available from PHE (quarterly, public data) and RxInfo (monthly, data available to all NHS Trusts) to
support power calculations and trial analysis. The prescribing volume is expressed as World Health
Organisation DDDs per thousand admissions as a standardized reporting unit.

Secondary outcomes:

a. Piperacillin-tazobactam prescribing volume measured as DDD per thousand admissions per NHS Trust.
b. Antimicrobial resistance rates (E. coli resistance to piperacillin-tazobactam).
c. MicroGuide software usage levels and patterns of use. This is solely an exploratory analysis.

Tertiary outcomes:

Length-of-stay, 30-day readmission, ICU admission and in-hospital mortality for adult inpatients with
coded diagnosis of any of the five common infections covered by the decision support modules.

Qualitative outcomes: Opinions of decision support module users at participating hospitals (interviews).

Any herein described health outcomes, collected per the protocol, will be summarized as part of any interim
analysis (if required) and in the final study report in addition to being reported in real-time as individual AE/s
if the criteria in section 7 are met. Refer to section 7 for AE reporting requirements and procedures.

4.2 Covariates

Diagnosis definitions
The common infections covered by the DSMs and used to extract clinical outcome data are defined by ICD-
10 codes (see http://www.icd10data.com/ICD10CM/DRG):
a. bacterial pneumonia (ICD-10-CM J13, J14, J15, J18) (ICD-10 codes do not differentiate
between community-acquired and hospital-acquired pneumonia.)

b. infections of the kidney & urinary tract (ICD-10-CM MS-DRG v34.0 Group 689 and Group 690)
c. infections of the skin and subcutaneous tissue (ICD-10-CM L0O to LO8)
d. major gastrointestinal disorders and peritoneal infections (ICD-10-CM MS-DRG v34.0 Groups 371,
372 and 373).
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4.3 Exposure

Primary exposure is deployment of the decision-support module (DSM) functionality within the MicroGuide
app for five common infections for the12-month period following Trust implementation of the MicroGuide

DSMs. A full year is stipulated as a minimum requirement to guarantee robust analysis of a time series
incorporating seasonal variations.
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Figure 1Trial Design Overview
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6  Study Procedures

6.1 Study Procedures

The Study Diagram in Section 5 summarizes the study procedures to be performed at each visit. Individual
study procedures are described in detail below. It may be necessary to perform these procedures at
unscheduled time points if deemed clinically necessary by the investigator. Furthermore, additional
evaluations/testing may be deemed necessary by the Sponsor for reasons related to subject safety.

6.1.1 Administrative Procedures

6.1.1.1 Protection of Human Subjects

Consent must be documented by the subject’s dated signature or by the subject’s legally acceptable
representative’s dated signature on a consent form along with the dated signature of the person conducting
the consent discussion.

A copy of the signed and dated consent form should be given to the subject before participation in the study.

The initial informed consent form, any subsequent revised written informed consent form and any written
information provided to the subject must receive the IRB/ERC’s approval/favorable opinion in advance of use.
The subject or his/her legally acceptable representative should be informed in a timely manner if new
information becomes available that may be relevant to the subject’s willingness to continue participation in
the study. The communication of this information will be provided and documented via a revised consent form
or addendum to the original consent form that captures the subject’s dated signature or by the subject’s
legally acceptable representative’s dated signature.

Specifics about a study and the study population will be added to the consent form template.

The informed consent will adhere to IRB/ERC requirements, applicable laws and regulations and Sponsor
requirements.

This is a database study based on secondary use of data collected for other purposes. No administration of
any therapeutic or prophylactic agent is required in this protocol. Individual patient consent will not be
required because the study will collect and analyse aggregated outcome data and does not require individual
chart review.

The lead clinician responsible for implementation of the app at each eligible organisation will be invited by
Horizon Strategic Partners (MicroGuide software developers) to participate and, if they give consent, their
contact details will then be forwarded to the research team to formally recruit them to the study. It is
anticipated that the majority will be specialist antibiotic pharmacists, consultant medical microbiologists or
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infectious diseases physicians. The study will also be promoted through the Clinical Research Network
operated by the National Institute for Health Research (NIHR). Other informal recruitment and
advertisement methods will be used, such as sharing information on social media, with antimicrobial and
research networks and in conference presentations and personal conversations. Reminders may be sent to
Trusts to encourage participation. The lead clinicians will be required to obtain organization-level consent for
study participation, specifically to be randomized to mandatory implementation of decision support modules
within the MicroGuide app or to continue using the standard version of the MicroGuide application (i.e.
browse format) for the five common infections. It is anticipated that organization level consent will require
approval by an internal governance committee such as the hospital Antimicrobial Stewardship Committee
or Drug & Therapeutics Committee or equivalent. The lead clinicians will be asked to consent to analysis of
app use statistics and aggregated Trust-level antibiotic prescribing (from the RxInfo Define software),
resistance (from Public Health England Fingertips website) and clinical outcome data (from NHS Digital).

6.1.1.1 Quantitative data

Quantitative data will be provided by RxInfo, Public Health England (PHE) and NHS Digital from datasets of
Trust-level antibiotic prescribing, antibiotic resistance and clinical outcomes respectively. No patient
identifier data will be required for this study. The identity of participating hospital Trusts will also be
concealed by the researcher and will not be available to Horizon Strategic Partners or the study sponsor.

6.1.1.2 Qualitative data

Sampling

A purposive sample of up to 30 health professionals, comprising junior and senior doctors and nurse
prescribers using the MicroGuide decision support modules for a minimum of 6 months, will be selected from
the intervention group acute hospital Trusts. [29, 30] The sample will be selected across intervention Trust
sites so that the range of infections and adult in-patient medical specialities where MicroGuide is used will
be represented.

Recruitment and consent

Staff members that have registered with Horizon Strategic Partners and have downloaded and are actively
using the MicroGuide app at participating intervention hospitals will be contacted by e-mail by Horizon
Strategic Partners to offer them the opportunity of participating in the interview phase of the study. The e-
mail communication willinclude a copy of the Participant Information Sheet and details of how to contact the
research team, independently of Horizon Strategic Partners. Interested individuals will contact a member of
the research team, and will be sent further information about the study, including a consent form, and will
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have an opportunity to ask questions about the study. Written consent will be obtained from all interviewees
prior to data collection. Consent will be re-affirmed verbally at the commencement of the interview.
Interviews will take place at a time convenient to participants during their personal time and they will be
offered compensation with an Amazon voucher.

Qualitative data from surveys and interviews with decision-support module users will be anonymised by
the  researcher and the identity of survey respondents and interviewees will not be available to Horizon
Strategic Partners or the study sponsor.

Data collection

Participants will be invited to take part in a semi-structured interview, expected to last for up to 45-minutes.
One- to-one interviews, instead of focus groups, will be used due to the potentially sensitive nature of the
questions around personal antimicrobial prescribing habits. Interviews will be conducted on the telephone
or face-to-face, with an experienced interviewer and will be digitally audio-recorded. The interviews will
explore: (i) adoption of the decision-support element of the app in practice (ii) when and why clinicians
use/don’t use the decision- support function of the app; (iii) evolution of use of DSMs over time and how
clinicians currently use the DSMs; (iv) opinions on usability, content and usefulness of the app’s decision-
support modules (v) views on the effectiveness of the DSMs, including influence of the DSMs on individual
prescribing behaviour and implications for patient safety; (vi) opinions of how the DSMs could be improved;
and (vii) barriers/enablers to DSM use. Interviews will continue until saturation of emerging themes is
achieved.

Interview data will be analysed using a thematic analysis process.[31] Interview data will be transcribed by
University-approved independent transcription services, who will store and manage data in accordance with
our ethical approval and University regulations. This will include anonymising any identifiable data in audio-
recordings during transcription. Thematic analysis of data will take place at the researcher’s place of
employment and Portsmouth Hospitals University NHS Trust. Anonymised data will be shared with the
Universities of Southampton and Portsmouth for the process of data analysis. Transcripts will be transferred
viaencrypted secure software. NVivo qualitative data management software will be used to help manage the
data.

The interview guide was developed drawing on published evidence of: influences on hospital antimicrobial
prescribing behaviour, the impact of clinical decision-support apps on health professional decision- making
and findings from our previous research into the impact of the MicroGuide app (manuscript under
consideration). The interview guide also incoorporate the elements of the COM-B model (Capability,
Opportunity, Motivation - Behaviour), which is a psychological theory-informed framework that
characterizes and explains the cognitive mechanisms that might lead individuals to modify their behavior.
[32, 33]
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6.1.1.3 App Patterns of Use

Written consent will be sought for the release of app usage statistics (held by Horizon Strategic Partners)
from the healthcare professional with responsibility forimplementing the MicroGuide App at NHS hospitals
licensing the software. Personal information of individual app users (usually healthcare professionals) will
not be required for this phase of the study.

Horizon Strategic Partners (MicroGuide app software developer) has agreed to provide (free-of-charge)
routinely- collected system access statistics for all consenting NHS Trusts currently licensing the app
within the target population for analysis (n=24), in order to determine patterns of app use by establishing
which groups of healthcare practitioners are using the app, when and how often, and for which infections
is guidance most frequently accessed
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7  Safety and Product Quality Complaint Reporting and Related

Procedures

Adverse Event (AE) and Product Quality Complaint (PQC) Reporting Language for Non-Interventional
Study Protocols

Introduction

This is a primary data collection non-interventional study being conducted within routine medical practice. All
direction for medication usage is at the discretion of a physician in accordance with usual medical practice. No
administration of any therapeutic or prophylactic agent is required in this protocol.

7.1 Adverse Event and Product Quality Complaint Reporting

7.1.1 INVESTIGATOR RESPONSIBILITY:

Primary Data Collection (telephone/face to face interviews): If adverse events (AEs) or product quality
complaints (PQCs) are identified following use of any Sponsor product, then the AE* and/or PQC must be
reported according to Table 1. If any health outcomes are described in section 4.1, they must be assessed for
AE reportability according to Table 1(refer to section 4.1 for more information).

*For the purposes of this protocol, the term “AE” collectively refers to the following reportable events (refer
to section 7.2 for definitions):

. Serious adverse events (SAEs), including death due to any cause
. Non-serious adverse reactions (NSARs)
. Special situations

AEs, PQCs, and AEs that occur in combination with PQCs, or spontaneously reported events, should all be
captured using the AE/PQC report form for each patient and reported according to Table 1.

The investigator must evaluate each SAE for causality and record causality on the report form for each SAE
and NSAR reported.

Secondary data review (structured, quantitative data from PHE and RxInfo which are aggregated at the
hospital Trust level): No reporting of individual adverse events or product quality complaints to regulatory
agencies is planned for this database review because there is no access to individual patient/subject records
and it is not possible to assess the causality of individual cases. Any health outcomes (if collected per section
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4.1), including any that qualify as adverse events, will be summarized as part of any interim analysis (including
safety analysis, if required) and in the final study report, which will be provided to regulatory agencies by the
Sponsor as required.

If an investigator elects to spontaneously report any suspected adverse reactions or product quality
complaints, they should be reported per Table 1.

Table 1: AE and PQC Reporting Timeframes and Process for Investigators

AEs AND PQCs INVESTIGATOR TIMEFRAMES

Investigator to Sponsor [1]

SAE regardless of causality 24 hours from receipt

Serious Special Situation, regardless of causality

NSAR 10 CD from receipt

Non-serious Special Situation, regardless of
causality

PQC with or without an AE (SAE/NSAR/Special [24 hours from receipt
situation)

Follow-up to any AE-submit using above timeframes

BD-Business Day; CD-Calendar Day

Non-Sponsor Products: If the investigator elects to submit AEs/PQCs for non-Sponsor
products, they should be reported to the market authorization holder (MAH) for that
product or to the health authority according to the institution’s policy or local laws and
regulations.

[1] Investigator to Sponsor: AEs and PQCs for Sponsor products are submitted to Sponsor]
for reporting to worldwide regulatory agencies as appropriate

Submitting AEs and PQCs to MSD Global Safety: All AEs and PQCs must be submitted to
MSD UK Pharmacovigilance Department FAX [00 32 2402 5990] or submitted
directly to pv.uk@msd.com via password protected email, in English using the
AE/PQC reporting form.
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7.2 DEFINITIONS

7.2.1 Adverse Event (AE)

Any untoward medical occurrence in a patient or clinical investigation subject administered sponsor’s product
and which does not necessarily have to have a causal relationship with this product. An adverse event can
therefore be any unfavourable and unintended sign (including an abnormal laboratory finding, for example),
symptom, or disease temporally associated with the use of the product, whether or not considered related to
the product. Any worsening (i.e., any clinically significant adverse change in frequency and/or intensity) of a
preexisting condition that is temporally associated with the use of the product, is also an adverse event.

7.2.2 Adverse Reaction (AR); also referred to as Adverse Drug Reaction (ADR)

An AE which has a causal relationship with the product, that is, a causal relationship between the product
and the adverse event is at least a reasonable possibility.

7.2.3 Serious Adverse Event (SAE)/Serious Adverse Reaction (SAR)

An adverse event or adverse reaction that results in death, is life threatening, results in persistent or
significant disability/incapacity, requires inpatient hospitalization, prolongation of existing inpatient
hospitalization, is a congenital anomaly/birth defect, or is another important medical event. Other important
medical events that may not result in death, may not be life-threatening, or may not require hospitalization
may be considered an SAE/SAR when, based upon appropriate medical judgment, they may jeopardize the
patient or subject and may require medical or surgical intervention to prevent one of the other outcomes listed
previously. Examples of such medical events include allergic bronchospasm requiring intensive treatment in
an emergency room or at home and blood dyscrasias or convulsions that do not result in inpatient
hospitalization.

7.2.4 Non-serious Adverse Reaction (NSAR)

An adverse reaction that does not meet any of the serious criteriain 7.2.3.
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7.2.5 Special Situations

The following special situations are considered important safety information and must be reported,
regardless of seriousness or causality, if the investigator becomes aware of them:

e Overdose

e Exposure to product during pregnancy or lactation

e Lack of therapeutic effect

o Off-label use, medication error, misuse, abuse, or occupational exposure
e Suspected transmission via a medicinal product of an infectious agent

o Unexpected Therapeutic Benefit/Effect

7.2.6  Product Quality Complaint (PQC)

Any communication that describes a potential defect related to the identity, strength, quality, purity or
performance of a product identified by an external customer. This includes potential device or device
component malfunctions.

7.2.7 Malfunction

The failure of a device (including the device component of a combination product) to meet its performance
specifications or otherwise perform as intended. Performance specifications include all claims made in the
labeling for the device.

7.2.8 Sponsor's product

Sponsor’s product includes any pharmaceutical product, biological product, device, diagnostic agent or
protocol-specified procedure, whether investigational (including placebo or active comparator product) or
marketed, manufactured by, licensed by, provided by or distributed by the Sponsor for human use.
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7.2.9 Causality Assessment

A causality assessment is the determination of whether or not there is at least a reasonable possibility that a
product caused the adverse event. Causality must be recorded on the AE form by the investigator for each
reported event in relationship to a Sponsor's product.

Primary Data Collection

The assessment of causality is to be determined by an investigator who is a qualified healthcare
professional according to his/her best clinical judgment. Use the following criteria as guidance (not all
criteria must be present to be indicative of causality to a Sponsor's product): There is evidence of
exposure to the Sponsor's product; the temporal sequence of the AE onset relative to the
administration of the Sponsor's product is reasonable; the AE is more likely explained by the Sponsor's
product than by another cause.
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8 Statistical Analysis Plan

8.1 Statistical Methods

Statistical significance

All applicable statistical tests will be 2-sided and will be performed using a 5% significance level. All
differences between study arms will be presented with 95% confidence intervals.

Categorical and Continuous data

Categorical outcomes are summarised by numbers and percentages. Continuous outcomes data are
summarised by mean and standard deviation (SD) if data are normally distributed or median and
interquartile range (IQR) if data are skewed. Any difference between the study arms will be computed
using the appropriate statistical parametric/non-parametric test and reported using tables and graphs.

The statistical analysis will be performed using SAS version 9.4, SAS Institute Inc., Cary, NC, USA.
8.1.1 Primary Objective(s): Calculation of Epidemiological Measure(s) of Interest

Carbapenem prescribing volume measured as Defined Daily Doses (DDD) per thousand admissions per
NHS Trust will be analysed and compared between study arms using a parametric test - Two Independent
Samples T- Test. Mean, standard deviation, ranges and 95% confidence intervals (Cls) will be reported
by arm and for the difference between arms.

We also plan to perform time series analysis of the primary outcome between the two arms, but trend
data are not publicly available for all NHS Trusts so we cannot make a power calculation based on this
approach. When Trusts sign up to participate in the study, we will ask for consent to access their previous
twelve months’ data (via RxInfo) and the monthly data during the study period.

8.1.2 Secondary Objective(s): Calculation of Epidemiological Measure(s) of Interest

Piperacillin-tazobactam prescribing volume measured as DDD per thousand admissions per NHS Trust and
antimicrobial resistance rates measured as average proportion of piperacillin-tazobactam resistant E. coli
blood specimens will be analysed and compared between study arms using a parametric test - Two
Independent Samples T-Test. Mean, SD, ranges and 95% Cl will be reported by arm and for the difference
between arms.

8.1.3 Exploratory Objective(s): Calculation of Epidemiological Measure(s) of Interest

Clinical outcomes: length-of-stay, 30-day readmission, ICU admission and in-hospital mortality aggregated
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for a cohort of adult inpatients with coded diagnosis of any of the five common infections covered by the
decision support modules will be analysed and compared between the study arm using parametric/non-
parametric tests such as Two Independent Samples T-Test/Mann-Whitney U Test dependent upon the
distribution of the clinical outcome variable. It will not be possible to analyse clinical outcome by diagnosis
or by selection of antimicrobial at the individual patient level. All prescribing and clinical outcome data will
be aggregated at hospital level.

8.2 Bias
8.2.1 Methods to Minimize Bias

The source data for the primary and secondary outcomes is extracted from operational hospital pharmacy
systems and patient administration systems and is used for national reporting by PHE.

The primary outcome data is total inpatient carbapenem volume per NHS Trust, including both adults and
children. As it is not possible to differentiate between adult and paediatric carbapenem prescribing, the
study will record the number of paediatric beds per NHS Trust to ensure that the results are not skewed.
Paediatric prescribing of carbapenems is typically a fairly small percentage of the Trust total, so this is not
anticipated to pose a significant problem.

8.2.2 Limitations

Hospital participation in the study may be limited by operational pressures including COVID-19 recovery or
resurgence. Prescriber adoption and usage of MicroGuide is entirely voluntary so implementation rates
may vary between institutions and app use metrics will be used to perform a sensitivity analysis for fidelity
to the intervention. Each participating NHS Trust in the intervention arm will work with the study team to
develop and test DSMs based upon treatment guidelines from the National Institute for Health and Care
Excellence (NICE), and local hospital policies. Statistical analysis will need to adjust for secular trends. The
yearly trend is studied and accounted in the sample size from the design.

We will obtain 2018 and 2019 primary outcome data as an extended baseline to assess COVID impact so
far, using data on COVID admissions per Trust from 2019 onwards to explore any correlation with changes
in the primary outcome that we are measuring.

Although the primary objective is changes in antibiotic prescription of a given class, these cannot and
should not be linked to any of the measured outcomes in the secondary and tertiary objectives.
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8.3 Sample Size and Power Calculations

Based on middle band carbapenem prescribing volumes at baseline, the study will have 80% power
(a=0.05) to detect a change of 20% in the primary outcome with 8 NHS Trusts per arm.

Preliminary data from the MicroGuide-1study, to evaluate the impact of the implementation of the browse
version of the MicroGuide app in 34 UK hospitals, indicate that an increasing trend in carbapenem
prescribing during the two years prior to introduction of MicroGuide was reversed to a statistically
significant extent following implementation, resulting in arelative decrease in carbapenem prescribing per
1,000 patient admissions of 11.3% in the year after implementation, without any decision-support
(manuscript in preparation).

The most recent systematic review and meta-analysis by Laka and colleagues [27] reported findings from 9
studies of hospital consumption in a hospital setting before and after implementation of computerised
decision support systems (CDSS). A reduction in total antimicrobial consumption following CDSS
implementation was reported by 8 of the 9 studies, ranging from a 2.6% reduction to a 66% reduction
(median 12% reduction).

Therefore the 20% level of change is proposed as a pragmatic balance of what is clinically significant and
what is practically feasible given the population characteristics and the desired statistical power.
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9. Administrative and Regulatory Details

9.1 Confidentiality
9.1.1 Confidentiality of Data

By signing this protocol, the investigator affirms to the Sponsor that information furnished to the investigator by
the Sponsor will be maintained in confidence. Data generated by this study will be considered confidential by the
investigator, except to the extent that it is included in a publication as provided in the Publications section of this
protocol.

9.1.2  Confidentiality of Study Records

By signing this protocol, the investigator agrees that the Sponsor (or Sponsor representative), and if applicable
Regulatory Agency representatives may consult and/or copy study documents to verify worksheet/case report
form data. By signing this protocol, the investigator agrees to treat all study data used and disclosed in connection
with this study in accordance with all applicable privacy laws, rules, and regulations.

9.1.3  Confidentiality of Investigator Information

By signing this protocol, the investigator recognizes that certain personal identifying information with respect
to the investigator, and all subinvestigators and study site personnel (if applicable), may be used and disclosed
for study management purposes, as part of a regulatory submissions, and as required by law. This information
may include:

e name, address, telephone number and e-mail address;

e hospital or clinic address and telephone number;

e curriculum vitae or other summary of qualifications and credentials; and
e other professional documentation.

Consistent with the purposes described above, this information may be transmitted to the Sponsor, and
subsidiaries, affiliates and agents of the Sponsor, in your country and other countries, including countries that do
not have laws protecting such information. By signing this protocol, the investigator expressly consents to these
uses and disclosures. Additionally, the investigator’s name and business contact information may be included
when reporting certain serious adverse events to regulatory agencies or to other investigators. The investigator
is hereby notified that the collection, processing and sharing of their personal data with respect to adverse event
reports to the Sponsor and regulatory agencies occurs on the basis of performance of a legal obligation, and the
investigator expressly consents to these uses and disclosures when reporting such events to other investigators.
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If this is a multicenter study, in order to facilitate contact between investigators, the Sponsor may share an
investigator’s name and contact information with other participating investigators upon request.

9.2 Compliance with Financial Disclosure Requirements

Financial Disclosure requirements are outlined in the US Food and Drug Administration Regulations, Financial
Disclosure by Clinical Investigators (21 CFR Part 54). It is the Sponsor's responsibility to determine, based on
these regulations, whether a request for Financial Disclosure information is required. It is the
investigator's/subinvestigator's responsibility to comply with any such request.

The investigator/subinvestigator(s) agree, if requested by the Sponsor in accordance with 21 CFR Part 54, to
provide his/her financial interests in and/or arrangements with the Sponsor to allow for the submission of
complete and accurate certification and disclosure statements. The investigator/subinvestigator(s) further agree
to provide this information on a Certification/Disclosure Form, commonly known as a financial disclosure form,
provided by the Sponsor or through a secure password-protected electronic portal provided by the Sponsor. The
investigator/subinvestigator(s) also consent to the transmission of this information to the Sponsor in the United
States for these purposes. This may involve the transmission of information to countries that do not have laws
protecting personal data.

9.3 Compliance with Law, Audit and Debarment

By signing this protocol, the investigator agrees to conduct the study in an efficient and diligent manner and in
conformance with this protocol; generally accepted standards of Good Pharmacoepidemiology Practice (GPP) and
all applicable federal, state and local laws, rules and regulations relating to the conduct of the study.

The investigator also agrees to allow monitoring, audits, and if applicable regulatory agency inspection of study-
related documents and procedures and provide for direct access to all study-related source data and documents.

The investigator agrees not to seek reimbursement from subjects, their insurance providers or from government
programs for procedures included as part of the study reimbursed to the investigator by the Sponsor.

The Investigator shall prepare and maintain complete and accurate study documentation in compliance with Good
Pharmacoepidemiology Practice, standards and applicable federal, state and local laws, rules and regulations; and,
for each subject participating in the study, provide all data, and, upon completion or termination of the study,
submit any other reports to the Sponsor as required by this protocol or as otherwise required pursuant to any
agreement with the Sponsor.

Study documentation will be promptly and fully disclosed to the Sponsor by the investigator upon request and
also shall be made available at the investigator’s site upon request for inspection, copying, review and audit at
reasonable times by representatives of the Sponsor or any regulatory agencies. The investigator agrees to
promptly take any reasonable steps that are requested by the Sponsor as a result of an audit to cure deficiencies
in the study documentation and worksheets/case report forms.
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The investigator must maintain copies of all documentation and records relating to the conduct of the study in
accordance with their institution’s records retention schedule which is compliant with all applicable regional and
national laws and regulatory requirements. If aninstitution does not have a records retention schedule to manage
its records long-term, the investigator must maintain all study- relevant documentation and records relating to
the conduct of the study for 5 years after final report or first publication of study results, whichever comes later,
per GPP guidelines. Documentation applicable to this type of study may include, in addition to the protocol,
worksheets/case report forms, advertising for subject participation, adverse event reports, subject source data,
correspondence with regulatory authorities, investigator’s curricula vitae, monitor visit logs, laboratory reference
ranges, laboratory certification or quality control procedures and laboratory director curriculum vitae. All study
documents shall be made available if required by relevant regulatory authorities.

The investigator will promptly inform the Sponsor of any regulatory agency inspection conducted.

Persons debarred from conducting or working on studies by any court or regulatory agency will not be allowed to
conduct or work on this Sponsor’s studies. The investigator willimmediately disclose in writing to the Sponsor if
any person who is involved in conducting the study is debarred or if any proceeding for debarment is pending or,
to the best of the investigator’s knowledge, threatened.

According to European legislation, a Sponsor must designate an overall coordinating investigator for a multi-
center study (including multinational). When more than one study site is open in an EU country, the Sponsor will
designate, per country, a national principal coordinator (Protocol Cl), responsible for coordinating the work of the
principal investigators at the different sites in that Member State, according to national regulations. For a single-
center study, the Protocol Cl is the principal investigator. In addition, the Sponsor must designate a principal or
coordinating investigator to review the study report that summarizes the study results and confirm that, to the
best of his/her knowledge, the report accurately describes the conduct and results of the study in the study’s final
report. The Sponsor may consider one or more factors in the selection of the individual to serve as the Protocol
Cland or study report Cl (e.qg., availability of the Cl during the anticipated review process, thorough understanding
of study methods, appropriate enrollment of subject cohort, timely achievement of study milestones). The
Protocol Cl must be a participating study investigator.

9.4 Quality Management System

By signing this protocol, all parties agree to following applicable standard operating procedures (SOPs). All parties
also agree to ensuring all existing and new study personnel are appropriately trained to ensure the study is
conducted and data are generated, documented, and reported in compliance with the protocol, Good
Pharmacoepidemiology Practice (GPP), and all applicable federal, state, and local laws, rules and regulations. All
parties should maintain transparency and open communication in order to effectively manage the study and
proactively mitigate any risks.

The Sponsor may conduct routine or for-cause audits to ensure oversight and conduct of the study are completed
in accordance with the protocol, quality standards (e.g. GPP), and applicable laws and regulations. If a significant
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quality issue (SQI) is identified at any time during the conduct of the study, it must be escalated to the Sponsor
immediately. A SQI is any issue with the potential to negatively impact, either directly or indirectly, the rights,
safety and well-being of patients or study participants and/or the integrity of the data. In the event an audit or
SQl results in corrective or preventive actions, all parties are expected to appropriately implement the action plan
in a timely manner.

9.5 DataManagement

All data collected for the study should be recorded accurately, promptly, and legibly. The investigator or qualified
designee is responsible for recording and verifying the accuracy of subject data. By signing this protocol, the
investigator acknowledges that his/her electronic signature is the legally binding equivalent of a written
signature. By entering his/her electronic signature, the investigator confirms that all recorded data have been
verified as accurate.

If this study has been outsourced, the institutional policies of the supplier should be followed for development of
data management plans. However, the supplier should ensure compliance with Good Pharmacoepidemiology
Practice, and all applicable federal, state, and local laws, rules and regulations relating to the conduct of the study.

9.6 Institutional Review Board/ Independent Ethics Committees

By signing this protocol, the investigator affirms to the Sponsor that information furnished to the investigator by
the Sponsor will be maintained in confidence, and if applicable such information will be divulged to the Institutional
Review Board, Ethics Review Committee (IRB/IEC) or similar or expert committee, affiliated institution and
employees, only under an appropriate understanding of confidentiality with such board or committee, affiliated
institution and employees.

The investigator also agrees to allow IRB/IEC review of study-related documents and procedures and provide for
direct access to all study-related source data and documents.

The investigator must maintain copies of all documentation and records relating to the conduct of the study in
accordance with their institution’s records retention schedule correspondence with IRBs/IECs and consent forms.

If required by the site’s IRB/IEC, in the event the Sponsor prematurely terminates a particular study site, the
Sponsor will promptly notify that site’s IRB/IEC.
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10 Publications

Any publications related to the study will need to be reviewed/approved by the Sponsor prior to submitting
results externally.

Two journal papers are planned: one focusing on the quantitative results and one concentrating on the qualitative
findings. A summary of results will be made available to all participating NHS Trusts and a white paper will be
posted on Horizon’s web site. These forms of dissemination are planned for 2023-2024.

There may be additional dissemination at academic or industry conferences at earlier stages of the study to present
preliminary findings.
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12 SIGNATURES

12.1 Sponsor's Representative

PRINTED NAME

TITLE

SIGNATURE

DATE SIGNED
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12.2 Investigator

| agree to conduct this study in accordance with the design outlined in this protocol and to abide by all
provisions of this protocol (including other project plans and documents referenced from this protocol);
changes from the protocol are acceptable only with a mutually agreed upon protocol amendment. | agree to
conduct the study in accordance with generally accepted standards of Good Pharmacoepidemiology Practice.
| also agree to report all information or data in accordance with the protocol and, in particular, | agree to report
any adverse events and product quality complaints as defined in the Safety and Product Quality Complaint
Reporting and Related Procedures section. | understand that information that identifies me will be used and
disclosed as described in the protocol and the Use and Disclosure of Personal Data notice provided to me, and
that such information may be transferred to countries that do not have laws protecting such information.
Since the information in this protocol is confidential, | understand that its disclosure to any third parties, other
than those involved in approval, supervision, or conduct of the study is prohibited. | will ensure that the
necessary precautions are taken to protect such information from loss, inadvertent disclosure, or access by
third parties.

PRINTED NAME

TITLE

SIGNATURE

DATE SIGNED
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12.3  Supplier

| agree to conduct this study in accordance with the design outlined in this protocol and to abide by all
provisions of this protocol (including other manuals and documents referenced from this protocol); changes
from the protocol are acceptable only with a mutually agreed upon protocol amendment. | agree to conduct
the study in accordance with generally accepted standards of Good Pharmacoepidemiology Practice. | also
agree to report all information or data in accordance with the protocol and, in particular, | agree to report any
adverse events and product quality complaints as defined in the Safety and Product Quality Complaint
Reporting and Related Procedures section. | understand that information that identifies me will be used and
disclosed as described in the protocol and in order to perform any agreement between myself and the Sponsor,
and that such information may be transferred to countries that do not have laws protecting such information.
Since the information in this protocol is confidential, | understand that its disclosure to any third parties, other
than those involved in approval, supervision, or conduct of the study is prohibited. | will ensure that the
necessary precautions are taken to protect such information from loss, inadvertent disclosure, or access by
third parties.

PRINTED NAME

TITLE

SIGNATURE

DATE SIGNED
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