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ABSTRACT
Introduction  There has been renewed interest in the 
therapeutic use of bacteriophages (phages); however, 
standardised therapeutic protocols are lacking, and there 
is a paucity of rigorous clinical trial data assessing efficacy.
Methods and analysis  We propose an open-label, 
single-arm trial investigating a standardised treatment and 
monitoring protocol for phage therapy. Patients included 
will have exhausted other therapeutic options for control 
of their infection and phage therapy will be administered 
under Australia’s Therapeutic Goods Administration Special 
Access Scheme. A phage product with high in vitro activity 
against the targeted pathogen(s) must be available in line 
with relevant regulatory requirements. We aim to recruit 
50–100 patients over 5 years, from any public or private 
hospitals in Australia. The standardised protocol will 
specify clinical assessments and biological sampling at 
scheduled time points. The primary outcome is safety at 
day 29, assessed by the frequency of adverse events, and 
overseen by an independent Data Safety Monitoring Board. 
Secondary outcomes include long-term safety (frequency 
of adverse events until at least 6 months following phage 
therapy), and feasibility, measured as the proportion of 
participants with>80% of minimum data available for 
analysis. Additional endpoints assessed include clinical 
response, patient/guardian reported quality of life 
measures, phage pharmacokinetics, human host immune 
responses and microbiome analysis. All trial outcomes will 
be summarised and presented using standard descriptive 
statistics.
Ethics and dissemination  Participant inclusion will be 
dependent on obtaining written informed consent from the 
patient or guardian. The trial protocol was approved by 
the Sydney Children’s Hospitals Network Human Research 
Ethics Committee in December 2021 (Reference 2021/
ETH11861). In addition to publication in a peer-reviewed 
scientific journal, a lay summary of study outcomes will 
be made available for participants and the public on the 
Phage Australia website (https://www.phageaustralia.org/).

Trial registration number  Registered on ANZCTR, 10 
November 2021 (ACTRN12621001526864; WHO Universal 
Trial Number: U1111-1269-6000).

INTRODUCTION
There has been renewed interest in the 
therapeutic use of bacteriophages (phages), 
driven by emerging challenges in the medical 
landscape.1 Growing antimicrobial resis-
tance (AMR) has fuelled a crisis in medicine, 
contributing to a significant rise in mortality, 
morbidity and associated healthcare costs.2 
Without novel solutions, AMR infections are 
predicted to be the leading cause of death by 
2050, to cost US$30 billion annually in lost 
productivity, and to threaten many advances 
in medicine.2 Similarly, there is an unmet 
need for new strategies to manage complex 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This protocol builds on an existing phage therapy 
programme, expanding it to a national scale, code-
signed with key stakeholders including government 
and the public.

	⇒ The trial has been endorsed by adult and paediatric 
infectious diseases specialists throughout Australia, 
optimising potential for participant recruitment.

	⇒ The trial is designed to be embedded into routine 
clinical practice and is both pragmatic and inclusive.

	⇒ The protocol promotes standardisation of therapy 
and outcome assessment, enabling credible infer-
ence about risks and benefits.

	⇒ Heterogeneity in disease syndromes and phage 
products used will limit inference about any particu-
lar syndromes or products.
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infections in individuals with chronic conditions, 
including cystic fibrosis, and infections that respond 
poorly to antibiotics, such as prosthetic device-related 
infections.1 Phage therapy (PT) has the potential to meet 
these needs.

Phages are viruses that selectively kill bacteria.3 PT 
uses this characteristic to provide a novel, non-antibiotic 
approach to treating infections,3 with effectiveness inde-
pendent of antimicrobial susceptibility.3 PT has a proven 
safety record4–11 and can be used as monotherapy or in 
conjunction with antibiotics.3 PT can also alter the bacte-
rial antimicrobial susceptibility profile. Bacterial rever-
sion to susceptible phenotypes has been observed with 
PT, restoring the efficacy of antibiotics to pathogens that 
were previously testing non-susceptible.12 13

PT has several other potential advantages over stan-
dard care. Phages are highly selective, targeting a narrow 
range of bacteria. This specificity reduces their impact on 
the microbiome and sidesteps the associated risk of the 
emergence of AMR and Clostridioides difficile infection.14 
Biofilm formation is increasingly recognised to play a role 
in a broad range of conditions beyond the traditionally 
recognised prosthetic device-related infections.15 In these 
difficult-to-treat infections, biofilms protect bacteria from 
the human immune response and reduce antibiotic effi-
cacy.15 Due to their mechanism of action, many phages 
remain effective in killing bacteria present in biofilms.15 16

There are increasing reports underlining the value 
of PT in severe sepsis, bladder infections and osteomy-
elitis.6 7 9–11 Despite these potential benefits, PT is not 
routinely used currently. Numerous barriers to wide-
spread adoption remain. Experience with PT is restricted 
to a handful of centres worldwide. Standardised ther-
apeutic protocols are lacking, and there is a paucity of 
rigorous clinical trial data assessing efficacy. Further-
more, due to limitations in production, sufficiently puri-
fied phages from licensed Good Manufacturing Practice 
facilities, are generally not readily available.17

Since 2007, a programme for compassionate access to 
PT for adults and children has been in operation at West-
mead Hospital and Sydney Children’s Hospitals Network. 
This protocol aims to enable a national expansion of this 
programme to both adults and children, providing a stan-
dardised treatment and monitoring protocol linked to a 
national database to ensure systematic data collection. 
This protocol will allow rapid and efficient data capture 
to strengthen the evidence base, including the dosing and 
monitoring data required to establish PT on the national 
formulary.

OBJECTIVES
This research aims to determine the safety and tolerability 
of PT in adults and children with bacterial infections in 
both the short and long terms; and to assess the feasi-
bility of a standardised protocol used for the administra-
tion and monitoring of PT. A range of other exploratory 
objectives will also be investigated, including to:

1.	 Report the clinical response to PT 15 days following 
completion.

2.	 Describe changes to patient-reported quality-of-life in-
dicators during and after PT.

3.	 Describe proportions of patients achieving microbi-
ological clearance, and time to clearance, by phage 
product and clinical indication, as well as the frequen-
cy of emergence of in vitro phage resistance.

4.	 Identify biomarker(s) that correlate with clinical effi-
cacy.

5.	 Explore pharmacokinetics/pharmacodynamics of dif-
ferent phage preparations to guide optimal dosing 
schedules and durations of treatment according to var-
ious routes of administration.

6.	 Characterise immune responses to PT, including age-
related differences.

7.	 Explore microbiome changes as assessed by non-
human metagenomics during and after completion of 
PT.

METHODS AND ANALYSIS
This is an open-label, single-arm trial investigating a 
standardised treatment and monitoring protocol for PT. 
The trial is open for enrolment with the first participant 
recruited 1 April 2022. Fifty participants are expected to 
be enrolled by 31 December 2025. This trial will include 
multiple subgroups based on clinical indication and route 
of PT administration. We used the Standard Protocol 
Items: Recommendations for Interventional Trials check-
list when writing our report.18

Participant recruitment and eligibility
Study participants of all ages will be recruited through 
existing infectious diseases networks from any public or 
private hospitals in Australia where site-specific approval 
is obtained. Eligibility will be limited to patients assessed 
as having exhausted other therapeutic options to control 
their infection, and where the clinical syndrome is 
linked directly to the aetiological bacteria targeted. This 
assessment will be performed by two appropriately qual-
ified clinical specialists and must include a specialist in 
infection management and a specialist with prior PT 
experience or from within a defined clinical working 
group of the Phage Australia consortium (Trial Steering 
Committee, TSC).

Inclusion will be dependent on obtaining written 
informed consent from the patient or guardian and iden-
tification of a suitable phage product. Consent must be 
obtained by the site Principal investigator (PI) or their 
qualified designee such as the primary clinician (online 
supplemental file A). A phage product must demon-
strate high in vitro activity (by plaquing in solid or semi-
solid media and/or growth inhibition in broth media19) 
against the targeted pathogen(s) to be considered suit-
able. Similarly, the phage product must comply with all 
relevant local and national regulatory requirements for 
therapeutic administration, according to the special 
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access scheme (SAS) for unregistered medicines as deter-
mined by the Australian Therapeutic Goods Admin-
istration (TGA)20 or equivalent relevant authority in 
European (European Medicines Agency; EMA) or USA 
(Food and Drug Administration; FDA) jurisdictions.21 22 
Examples of therapeutic phage product quality control 
documents are provided in online supplemental file B. 
Participants unable or unlikely to adhere to the schedule 
of monitoring and follow-up will be excluded.

Sample size
Sample size was based on logistical considerations and 
the ability to estimate the proportion of participants with 
PT-related serious adverse events (SAE). A sample size of 
at least 50 participants will enable the proportion to be 
estimated with a 95% CI of maximum width±15%. If no 
SAE is observed in 50 participants, this would be consis-
tent with a true rate of SAEs which is no higher than 7% 
(ie, 95% CI 0% to 7%). In line with this calculation, we 
aim to recruit 50–100 participants over the 5 years of the 
study.

Interventions
The schedule of enrolment, interventions and assess-
ments for each participant is outlined in table 1. At enrol-
ment, demographic and clinical data will be collected, 
including primary infection diagnosis and previous and 
current antimicrobial treatments. Culture confirmation 
of infection and phage matching of isolated bacteria will 
be performed. The specific phage product, duration and 
route of administration will be determined individually 
for each patient by the clinical team in discussion with 
the site PI, dependent on the site of infection, bacterial 
pathogens, patient factors (eg, immune compromise, 
intravenous access) and availability of phage products 
(eg, formulation, purification). All other care, including 
adjunctive antibiotics and interventions during the trial, 

as well as post-trial care, will be as per the treating clinical 
team.

Repeat episodes of infection, including relapse or 
refractory illness, will be assessed for eligibility for re-en-
rolment in the trial, following a separation of at least 15 
days to allow assessment of the primary outcome. The 
first episode per patient will be used for primary analyses, 
with additional courses described.

Phage therapy
Duration
Where appropriate, a standard 14-day course will be 
used for intravenous/oral PT (table 2) and non-systemic 
PT as the default option (table 3). For critically unwell 
patients needing urgent infection management, initial 
two times a day dosing may be used (ie, from day 1). The 
dosing frequency will be guided by practical limitations in 
patients receiving outpatient treatment or PT for longer 
than 14 days.

Adherence will be ensured with the first 14 days of intra-
venous PT administered in hospital, which may include 
transition to suitably staffed Hospital Outreach/Hospital 
in the Home services after the first dose/s are adminis-
tered. Topical, aerosolised or oral administration can 
occur in the outpatient setting. All administered doses of 
phage will be prescribed by a suitably qualified doctor, 
dispensed from the hospital pharmacy and recorded in 
standard medical records.

Dosage
For intravenously administered phage, the dose will be 
limited by the endotoxin level of the phage product, 
keeping below the accepted human pyrogenic threshold 
of 5 EU/kg per dose set by the US FDA, aiming to admin-
ister approximately 109 plaque-forming units (pfu) 
of phage at each dose. For non-intravenous routes of 
administration, approximately 1010 pfu/dose will be 

Table 1  Schedule of enrolment, interventions, and assessments for each participant

Period Enrolment Intervention Follow-up

Time point −4 weeks* to Day 0 Day 1–14† Day 15–29 Day 30–210‡

Enrolment:

 � Eligibility screen X

 � Informed consent X

 � Pretreatment workup* X

 � Determination of duration and route of phage 
administration

X

Phage therapy† X

Monitoring‡

 � Blood and clinical sampling X X X

 � Quality-of-life questionnaire X X X

 � Adverse event reporting X X X

*Pretreatment workup should be performed within 4 weeks of starting phage therapy.
†The duration of phage therapy may be longer than 14 days, as determined by the principal Investigator/infectious disease specialist.
‡For patients receiving longer than 14 days of phage therapy, follow-up continues for 6 months after completion of phage therapy.

https://dx.doi.org/10.1136/bmjopen-2022-065401
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administered. For multiple routes of administration, 
the total dose administered will not exceed the 5 EU/kg 
endotoxin limit.

Dosing strategies at initiation will be guided by distribu-
tion volume and clearance by non-specific mechanisms 
(innate effector cells, renal clearance and non-specific 
inactivation of viral particles). However, the kinetics 
of subsequent PT doses can be more dynamic.23 Phage 
amplification in targeted bacterial populations can 

change over time. Acquired immune clearance (eg, the 
development of neutralising antibodies) can increase 
phage clearance. Thus, phage kinetics is ideally moni-
tored and assessed during PT (table 2). Phage quantifi-
cation in blood will be determined by plaque assay and 
quantitative PCR (qPCR). The timing of blood sampling 
is outlined in table 4. Subsequent phage dosing intervals 
may be adjusted guided by these results (one to two times 
a day), aiming for a trough level of approximately 102 

Table 2  Treatment and laboratory monitoring protocol for standard 14-day intravenous/oral phage therapy

Day 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 29

Phage doses OD OD BD BD BD BD BD BD BD BD BD BD BD BD

CRP X X X X X X

ESR X X X X X

Procalcitonin (if available) X X X X X

FBC X X X X X X X

Lymphocyte subsets X X * * * * *

LFTs X X X X X X

UECs X X X X X X

Phage antibodies† X X X X

Total IgG X X X

C3, C4, CH50 X X X

Microbiology sampling‡ X X X X X

Phage susceptibility§ X X X X X

Kinetic blood sample X X X X X X

Transcriptomics and metagenomics X X X X X X X

*Lymphocyte subsets should be performed at these time points if lymphopaenic. Lymphopenia is defined as<1.0×109 /L in individuals 
aged>12 years, <1.5×109/L in children aged 1–12 years, <4.0×109/L for infants aged 1–12 months, and<3.0×109/L for neonates<1 month.
†Phage antibodies–antibodies against relevant therapeutic phages, measured in order to define risk of antibody-mediated neutralisation and/
or immune responses.
‡For invasive samples, baseline (day 0) and post-treatment (day 15) microbiology samples are sufficient for monitoring. For patients 
bacteraemic at the start of phage therapy, blood cultures should be obtained daily until bacteraemia resolves.
§All positive cultures of the target pathogen(s) that are isolated after day one should be reassessed for ongoing phage susceptibility.
BD, two times a day; C3, C4, CH50, complement levels; CRP, C reactive protein; Day 0, up to 24 hours prior to the first dose of phage; ESR, 
erythrocyte sedimentation rate; EUCs, electrolytes, urea, creatinine; FBC, full blood count; IgG, total immunoglobulin G; LFTs, liver function 
tests; OD, one time a day.

Table 3  Treatment and laboratory monitoring protocol for standard 14-day non-systemic phage therapy

Day(s) 0 1 2 3 4 5–7 8 9–14 15 29

Phage doses OD OD OD OD OD OD OD

CRP X X X X X

FBC X X X X X X

LFTs X X X

UECs X X X

Phage antibodies X X X

Microbiology sampling* X X X X

Phage susceptibility† X X X X

*For invasive samples baseline (day 0) and post-treatment (day 15) samples are sufficient for monitoring.
†All positive cultures of the target pathogen(s) that are isolated after day one should be reassessed for ongoing phage-susceptibility.
CRP, C reactive protein; EUCs, electrolytes, urea, creatinine; FBC, full blood count; LFTs, liver function tests; OD, one time a day.
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pfu/mL.11 The dose may be adjusted accordingly, at the 
physician’s discretion.

All three timepoints (prior to dose, 30 min, and 2 hours 
post dose) should be drawn on days 2, 4, 8 and 11. On 
days 15 and 29, only a single blood draw in the morning is 
required as no further phage doses will be administered.

Clinical monitoring
A complete physical examination will be performed within 
24 hours before starting PT. Vitals (heart rate, respiratory 
rate, blood pressure, oxygen saturation, temperature) will 
be measured within 15 min prior to, and at 15 and 30 min 
after, each dose of phage. For patients receiving only 
topical or nebulised/aerosolised phage products, vital 
signs are only required 30 min after administration. Addi-
tional clinical monitoring will be performed according to 
routine clinical care.

Laboratory monitoring
Laboratory monitoring for the first 29 days in patients 
receiving intravenous/oral PT and non-systemic PT 
is outlined in tables  2 and 3. It is expected that essen-
tial monitoring is performed in laboratories subject to 
regular accreditation by a national regulatory authority 
which ensures compliance with ISO15189 (Requirements 
for Quality Management in Medical Laboratories) while 
some applications such as transcriptomics may be avail-
able only in research laboratories, using methods such 
as those previously described.9 11 If abnormalities are 
detected (including worsening of prior abnormalities) 
that were not present at baseline, these will be followed 
up beyond the intervention period until resolution. 
Bacterial cultures will be obtained from the site of infec-
tion or representative site if not practical. Blood cultures 
should be obtained daily for patients with bacteraemia at 
the commencement of PT, continuing until resolution of 
the bacteraemia has been documented, consistent with 
Good Clinical Practice.24 For invasive samples other than 
blood or endotracheal aspirates (eg, bronchoalveolar 
lavage or surgical biopsies), baseline (day 0) and post-
treatment (day 15) samples are sufficient for monitoring 
where practical. Bacterial target populations will be quan-
tified by qPCR as genome copies/mL in whole blood at 
the same timepoints outlined for phage kinetics (table 4).

Measurement of antiphage antibodies (total or neutral-
ising antibodies25), and gene expression profiling of 
immune responses will characterise the human host’s 
innate and adaptive immune responses following a set 

schedule in those receiving intravenous/oral PT (table 2) 
and non-systemic PT (table 3), as available.

Quality-of-life assessments
Participants will complete a brief quality-of-life question-
naire using a validated age-appropriate patient reported 
outcome measures (PROMs) tool (EQ-5D-5L/EQ-5D-Y) 
during the study from baseline until 12 months following 
the completion of PT.

Safety and tolerability
Safety and tolerability will be measured through adverse 
events (AEs), vital signs, and clinical laboratory assess-
ments. An AE is defined as any untoward medical occur-
rence in a participant regardless of its causal relationship 
to the administered phage product. All AEs will be evalu-
ated for severity, causality and seriousness and will be elic-
ited and assessed from the first dose until 15 days after the 
last dose of phage. From 15 days to 6 months following 
the completion of PT, only adverse reactions (ARs; AEs 
that are at least probably (probably or definitely) related 
to PT), will be collected. An SAE is defined as any event 
that results in death, is immediately life-threatening, 
requires inpatient hospitalisation or prolongation of 
existing hospitalisation, results in persistent or significant 
disability/incapacity or congenital anomaly. A serious 
adverse reaction (SAR) is an SAE that is at least probably 
related to PT. A suspected, unexpected, serious adverse 
reaction (SUSAR) is defined as an AE that is serious in 
nature (ie, meets SAE criteria), is at least probably related 
to PT and is an unexpected reaction based on what is 
known and has been reported in the literature. SUSARs 
will be adjudicated by site PIs. Evidence of severe immune-
related phenomena after infusion may occur and may be 
criteria for cessation of therapy. For any SAR, decisions 
regarding cessation of PT will be made by the primary 
clinician in consultation with the site PI. Early cessation 
of PT will not constitute a withdrawal criterion from the 
trial. The PI should make every effort to continue all 
other patient monitoring as per the protocol to ensure 
data integrity and safety monitoring.

Data collection and management
Data will be collected using a Research Electronic Data 
Capture (REDCap) database hosted by the University of 
Sydney on a controlled, protected server that requires 
multifactor authentication and encrypted connections. 
Clinical data will be coded but reidentifiable by clinicians 

Table 4  Timing of blood samples for quantification of phage and bacterial loads

Immediately prior to phage dose 30–60 min after phage dose 2–3 hours after phage dose

Phage (plaque assay) X X

Phage (qPCR) X X X

Bacteria (qPCR) X X X

qPCR, quantitative PCR.
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for their patients. PIs will only have access to reidentifi-
able data for patients at their respective recruitment sites. 
Deidentified data will be used for analysis. Data quality 
will be optimised using range checks for data values and 
error messages for missing data points. The data fields 
and the associated data dictionary are included in online 
supplemental file C. Any data obtained prior to with-
drawal of consent from a participant will be retained.

Most biological samples collected as part of the trial 
will be processed in clinical diagnostic laboratories and 
stored, processed and discarded as per routine laboratory 
procedures. For non-routine assessments, samples may 
be processed in research laboratories and will be coded 
prior to shipment, storage and analysis, and reidentifiable 
to PIs and treating clinicians at the site only. Deidenti-
fied data and left-over biological samples may be retained 
up to 15 years after the study is completed, or until the 
youngest participant reaches 25 years old, whichever 
is later. Residual samples may be used for additional 
research, if specific consent for this is obtained.

Primary and secondary safety outcomes
Safety will be defined by the absence of SAEs attributable 
to study material (phage). AEs related to PT are predom-
inantly expected during active administration or shortly 
thereafter. The primary endpoint for safety assessments 
will be any SAE attributable to PT (SARs) occurring from 
day 1 (first dose of phage administered) until 15 days after 
completion of therapy (ie, day 29 for patients receiving 14 
days of therapy). The primary outcome of the proportion 
of participants who experience one or more SAEs attrib-
utable to study therapy will be presented with a 95% CI. 
Secondary safety endpoints will be any AR occurring from 
day 1 (first dose of phage administered) until 6 months 
after completion of PT.

Secondary and exploratory outcomes
Feasibility
The feasibility of using a national standardised treat-
ment and monitoring protocol will be measured as the 
proportion of participants with >80% of minimum data 
available for analysis entered in the REDCap dataset. The 
feasibility endpoint will be assessed at least 15 days after 
completion of PT.

This protocol includes a range of exploratory outcomes. 
The data we develop here will allow the best quality 
design of formal clinical trials and help to inform regu-
latory reviews.

Clinical response
Clinical response will be assessed 15 days following 
completion of PT. ‘Cure’ will be defined as no evidence of 
ongoing infection (including clinical signs and symptoms, 
laboratory and radiological abnormalities, and microbio-
logical evidence of infection), with or without persisting 
disability. Clinical response will be considered ‘partial’ if 
there are improvements in clinical, radiological or labora-
tory parameters, or stabilisation of previously documented 

decline in function, but with evidence of ongoing infec-
tion. Worsening clinical signs and symptoms, radiological 
or laboratory parameters, and evidence of ongoing infec-
tion will be defined as ‘no response’. For analysis, cure 
and partial response will be grouped and termed ‘good 
clinical response’.

Quality-of-life indicators
Patient-reported quality-of-life indicators will be measured 
during and after PT. A carer will complete this report for 
individuals unable. Changes in the quality-of-life ques-
tionnaire will be assessed using a validated PROMs tool 
(EQ-5D-5L/EQ-5D-Y), and results from baseline will be 
compared with each subsequent assessment (day 29, 3, 6 
or 12 months after starting PT).

Microbiological clearance
Microbiological clearance will be evaluated using time to 
clearance and the proportion with sustained clearance at 
the end of the intervention period (day 29). Time to clear-
ance will be measured for each infected site from the first 
day of PT to the first negative culture among participants 
with sustained clearance. Sustained clearance is defined 
as at least two consecutive negative cultures with no other 
positive cultures during the intervention and follow-up.

Phage resistance can emerge during PT, contributing 
to poor microbiological clearance. To identify phage 
resistance, all positive culture(s) of the target patho-
gen(s) isolated after day 1 of treatment will be reassessed 
for ongoing phage susceptibility.

Pharmacokinetics and immune response
The pharmacokinetics of different phage preparations 
will be assessed using the results of qPCR and plaque assays 
from serum. These data will guide optimal dosing sched-
ules and durations for phage products used according 
to different routes of administration (intravenous, oral, 
nebulised/aerosolised, topical).

Immune responses to PT will be assessed by examining 
and comparing gene expression profiles coupled with 
the level of antiphage neutralising or total antibodies at 
different time points during and after PT, and between 
age groups. Gene expression profiling will be restricted 
to genes belonging to the innate and adaptive immune 
response regulatory pathways only.

Microbiome changes
Metagenomics will be performed on any available clinical 
samples (blood, sputum, urine, faeces or other samples 
that may have been collected) to investigate changes in 
the microbiome during treatment. The analysis pipeline 
will be restricted to non-human genetic material and will 
only be used to determine the microbiome of various 
clinical specimens during and after PT, including endog-
enous phages.

Monitoring and analysis
A review of included and excluded participants and 
reasons for inclusion/exclusion will be undertaken 

https://dx.doi.org/10.1136/bmjopen-2022-065401
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annually to ensure the appropriateness of patient selec-
tion. Interim safety analysis for the primary outcome will 
be conducted after 30 participants have been followed at 
29 days after commencement of treatment. The expected 
attributable SAE rate is<5%. If 20% or more participants 
suffer an SAR, the treatment may not be considered 
acceptable in its current form. An analysis of the first 
30 participants who are followed at least 1 month after 
commencing treatment has 80% statistical power at 5% 
one-sided alpha to rule out a rate of 20% or higher if 
the true rate is 5% or lower, using an exact one-sample 
binomial test. If 3 or more of these 30 participants have 
experienced an SAR, then consideration will be given to 
stopping or modifying the study due to safety concerns. 
Otherwise, recruitment will continue to the target of 
50–100 participants to collect data on other outcomes.

The TSC will regularly review study progress, including 
data on all safety, secondary and exploratory outcomes. 
Reports will be provided 6 monthly and may be used for 
amending the trial protocol, external reporting and publi-
cation, or early trial termination. A final analysis will be 
undertaken when the last enrolled participant has been 
followed up for at least 6 months after the last dose of phage.

All trial outcomes will be summarised and presented 
using standard descriptive statistics: frequencies and 
percentages for categorical data and mean, SD and range 
or median, quartiles and range for continuous data and 
the Kaplan-Meier method for time-to-event variables. 
Results will be presented overall and by subgroups. Partic-
ipants may be subgrouped according to clinical indica-
tion (infectious syndrome), route of administration or 
phage formulation used, or patient demographics (eg, 
age). Exploratory comparisons of outcomes between 
subgroups, including those receiving treatment targeting 
different groups of organisms, and clinical phenotypes 
(acute bacteraemia vs chronic osteoarticular infections) 
will use standard statistical methods: t-test, χ2 test, log-
rank test and corresponding regression models.

Safety data will be reported for all participants who 
receive at least one dose of PT. Clinical response to 
therapy and microbiological clearance outcomes will be 
reported for participants who receive at least 5 days of 
PT (cumulative). All other outcomes will be reported for 
all enrolled participants based on available data with no 
adjustment for missing data.

Patient and public involvement
The protocol has been shaped by reviews and comments 
from stakeholder and consumer representatives including 
from the cystic fibrosis community and the New South 
Wales Ministry of Health.

Ethics and dissemination
This trial protocol (version 1.1, 29/05/2022; online 
supplemental file D) was assessed and approved by the 
Sydney Children’s Hospitals Network Human Research 
Ethics Committee (HREC) in May 2022 (version one 
approved December 2021; Reference 2021/ETH11861). 

All major protocol amendments will only be implemented 
after approval is gained from the HREC and governance 
committees for participating sites. Amendments will also 
be notified to the trial registry, and the journal in which 
the protocol is published.

Following interim and final analyses, trial results will be 
shared with the investigator group who will have ongoing 
custody of the data, and will be prepared for scientific 
publication or presentation. The final results will be 
submitted for publication in a peer-reviewed scientific 
journal. A lay summary of the final trial results will be 
made available for participants and the public on the 
Phage Australia website (https://www.phageaustralia.​
org/). On recruitment, a link to the website will be 
provided to all study participants.

As the protocol is embedded in usual clinical practice, 
participants may expect to be informed of test results 
and response to treatment. All routinely available clinical 
assays will be available for clinicians to discuss with partic-
ipants. The results may or may not be available during 
treatment for more specialised tests. Some results such as 
for transcriptomic and metagenomic analyses will not be 
reported individually to participants.

Sponsor information
Sponsor: Western Sydney Local Health District, Research 
and Education Network Clinical Trial Support Unit, West-
mead Hospital, Hawkesbury Road, Westmead, NSW 2145, 
Australia (​WSLHD-​Clin​ical​Tria​lsSu​ppor​tUnit@​health.​nsw.​
gov.​au)

No trial funding is provided by the sponsor. Representa-
tives from the sponsor were involved in the development of 
the protocol with respect to safety monitoring and reporting 
procedures. The sponsor will not be involved in collection, 
management or interpretation of data, writing the study 
report or the decision to submit the report for publication.

Trial committees
The TSC includes a multidisciplinary group that, collec-
tively, have experience/expertise in the management of 
patients with condition(s) relevant to the study, path-
ways for use of PT, and in the conduct and monitoring 
of randomised clinical trials. Co-conveners are ST, AK 
and MW and the committee includes JI. JI and AK are 
physicians with prior PT experience. The committee also 
includes members with statistical expertise and stake-
holder representatives.

The independent Data Safety Monitoring Board 
(DSMB) includes a chair with management experience 
in clinical trials and five additional members, of whom 
at least one will be a paediatrician, at least one will be 
an adult physician and at least one will have established 
clinical expertise in the delivery of PT. The DSMB will 
have access to all safety data available at the time of each 
meeting and will make a recommendation to the coordi-
nating PI and site PIs within 4 weeks regarding:

	► Cessation of the trial for all participants or for a 
subgroup.

https://dx.doi.org/10.1136/bmjopen-2022-065401
https://dx.doi.org/10.1136/bmjopen-2022-065401
https://www.phageaustralia.org/
https://www.phageaustralia.org/
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	► Interim suspension while reviewing the data in more 
detail.

	► Modification of the trial.
	► Continuation of the trial.

DISCUSSION
PT is a promising therapeutic option with evidence of 
clinical efficacy. However, heterogenous reports, limited 
clinician experience outside specialist centres and 
restricted access to suitable phage products has under-
mined its widespread adoption. This protocol builds on 
an established PT programme, expanding it to a national 
scale, codesigned with key stakeholders including govern-
ment and the public. The protocol promotes standard-
isation of PT administration and outcome assessments, 
enabling credible inference about risks and benefits. The 
aim is to standardise the process of administration and 
monitoring of PT, once that therapy has been approved 
by the relevant authorities. Although specific phage prod-
ucts are not under direct investigation, and heterogeneity 
in disease syndromes and phage products used within the 
trial will limit inference about any particular syndromes 
or products, insights from this trial will allow the design 
of future controlled trials that can both measure, and 
validate diagnostic surrogates of clinical efficacy. Impor-
tantly, eligibility will be limited to patients assessed as 
having exhausted other therapeutic options to control 
their infection, and where the clinical syndrome is linked 
directly to the aetiological bacteria targeted, as assessed by 
two appropriately qualified clinical specialists including a 
specialist in infection management and a specialist with 
prior PT experience.

The trial is designed to be embedded into routine clin-
ical practice and is both pragmatic and inclusive, with 
many interventions determined by standard clinical and 
laboratory practice of treating physicians and recruitment 
sites. These methodological strengths will ensure that 
the data obtained in this trial will help define the safety 
profile of PT in all age groups and establish the feasibility 
of a standardised treatment protocol. Downstream effects 
include overcoming unfamiliarity and increasing both 
consumer and clinician confidence by collating stan-
dardised objective data. Due to the inherent challenges 
in traditional trial designs for PT, large patient registries 
collating standardised data, such as this one, will allow 
rapid and efficient data generation to strengthen the PT 
evidence base, including the dosing and monitoring data 
required to inform regulatory frameworks.
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