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ABSTRACT

Background

Oxygen is an important requirement for wound healing pathways. In a chronic, non-healing wound, the wound bed
is persistently hypoxic, therefore supplying additional oxygen may help promote healing. Topical oxygen therapies

(TOT) deliver oxygen directly to the wound tissue to facilitate the healing process and can help to reverse localised
hypoxia within a wound. There are several types of TOT products available. One TOT product, Granulox®, delivers
haemoglobin in spray form to the wound bed, where it binds environmental oxygen which can then diffuse into the

wound bed tissue. Increased levels of oxygen in the hypoxic wound bed tissue help to promote wound healing.

Aims
A literature review was undertaken to identify and summarise scientific and clinical research data relating to the use

of Granulox as an integral component of wound management regimes.

Methods

The MEDLINE (National Library of Medicine, Bethesda, United States of America) and EMBASE (Elsevier BV,
Amsterdam, Netherlands) bibliographic databases were searched. In addition, abstract books and proceedings
documents relating to national and international conferences were scanned in order to identify presentations (oral,

e-poster, poster) of relevance to the review.

Results

The literature review identified thirty nine peer-reviewed journal articles and nine conference presentations that
made specific reference to the use of Granulox, and included two systematic reviews / meta-analyses, one
randomised controlled trial (RCT), four interventional clinical studies (plus two health economic study based on the
findings of two interventional clinical studies), fourteen observational clinical studies, sixteen case study / case
study series, one pre-clinical study and seven expert reviews. The wound types referred to in the identified
references were burns, foot ulcers, leg ulcers, pressure ulcers, surgical and traumatic wounds, and were

predominantly chronic, non-healing wounds.

Conclusion

The research data referred to in this review strongly indicate that the inclusion of Granulox in wound care regimes
facilitates the significant reduction of wound size or complete wound closure of chronic, non-healing wounds.
Granulox is reported to be safe and easy to use, and offers a cost-effective adjunctive therapy to standard wound

care treatment.
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BACKGROUND

Role of oxygen in wound healing

Oxygen is critically important for wound healing processes, e.g. angiogenesis, revascularisation, synthesis of
connective tissue, and resistance to infection. Typically, wounds are hypoxic at their centre, with an increasing
oxygen gradient towards the intact tissue!. Hypoxia may be due to increased demand, as a result of the high
metabolic activity of a healing wound, but may also be affected by the partial oxygen pressure of the surrounding
tissue and circulating blood supply, e.g. injured microcirculation, diffusive constraints due to oedema, poor blood
circulation (peripheral arterial disease (PAD)), or oxygen consumption by bacterial biofilm. Although, initially,
hypoxia acts as a signal to stimulate the wound healing process, prolonged hypoxia is detrimental to healing
progression? 2. Chronic wounds have been shown to have a sustained oxygen deficit at the wound bed, with a
concomitant detrimental effect on wound healing*. The delivery of oxygen, either intrinsically from the blood supply,
or extrinsically via oxygen therapy, to a chronic wound is therefore a vital therapy to facilitate wound healing

progression.

Key points

e Oxygen is an important requirement for wound healing pathways.

e The wound bed of a chronic, non-healing wound is persistently hypoxic.

o Initially, hypoxia acts as a signal to stimulate the wound healing process; however, persistent hypoxia is
detrimental to healing progression.

e Supplying additional oxygen to the chronic wounds may help promote healing.

Topical oxygen therapy

The first topical oxygen therapy (TOT), hypobaric oxygen therapy (HBOT) was first used in the field of wound care
in the 1960s, but today HBOT is not widely available®. However, there are portable TOT products that can be used
to administer oxygen to wounds, either topically over the injured tissue or by continuous or pressurised delivery
systems? 24, This topical approach aims to generate an increase in oxygen at the wound site, facilitating the
reversal of localised hypoxia, but unlike systemic oxygen therapy, e.g. HBOT, topical oxygen does not rely on the
vascular system to deliver the oxygen to the wound site. TOT, as an adjuvant to standard wound care, provides a

positive option to augment the management of chronic, non-healing wounds.

Key points
e TOT delivers oxygen directly to the wound tissue to facilitate the healing process.
e Topical oxygen can help to reverse localised hypoxia within a wound.

e Several types of TOT products are available.
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Granulox (topical haemoglobin spray)

Granulox is a topical haemoglobin spray which improves the oxygen supply to chronic wounds through simplified
diffusion, thereby supporting wound healing. When Granulox is applied to the wound bed, the haemoglobin binds
oxygen from the surrounding air and transports it to the wound bed where it diffuses into the cells. As stipulated in
the instructions for use supplied with the product, Granulox is indicated for the treatment of chronic wounds such as
venous, arterial, and mixed leg ulcers, diabetic foot ulcers, pressure ulcers and the secondary healing of surgical

wounds. It can also be used on sloughy and infected wounds.

Key points
e Granulox is a topical haemoglobin spray.

e Granulox helps improve the oxygen supply to chronic wounds to promote wound healing.

AIMS

When making decisions about clinical interventions, it is common practice to consider the relative weight of the
available research data, according to the type and quality of studies from which they originate. In this so-called
hierarchy of clinical evidence (Figure 1), randomised controlled trials (RCTs) and systematic reviews are

considered to be the ‘gold standards’ for judging the benefits of interventions.5¢

Systematic
review
of RCTs with or
without meta-analysis

RCTs
Cohort studies
Case-control studies
Case series
Case reports
Opinion

RCT = randomised controlled trial

Figure 1. Hierarchy of clinical evidence (adapted from Akobeng, 20056)

While the conventional approach to evidence-based medicine is to use data from RCTs, many practitioners
question their relevance in the field of wound area. Practice-based medicine is favoured and allows flexibility as the
choice of intervention is based on the individual patient.”89:19.11 While this does not mean that all research data are

equally valid, it does signify that all available evidence should be considered and evaluated.
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With this in mind, this document considers scientific and clinical data from across the entire evidence hierarchy. It is

not a systematic review but aims, instead, to summarise the available evidence.

Key points

e Evidence-based practice should reflect all types of evidence.

e This document aims to summarise all the evidence generated from clinical and scientific studies relating to

the use of Granulox.

METHODS

An extensive literature search was undertaken to identify published articles citing scientific and clinical data in

relation to the use of Granulox. Electronic searches of bibliographic databases MEDLINE (National Library of
Medicine, Bethesda, United States of America) and EMBASE (Elsevier BV, Amsterdam, Netherlands) and

specialist websites — Cochrane Library, World Wide Wounds — were performed to identify published articles of

relevance. The search ranged from January 2010 to October 2020, covering the period when Granulox was

developed and has been subsequently marketed. The following search terms were used: ‘Granulox’ OR

‘haemoglobin spray’ OR ‘topical haemoglobin’. In addition, abstract books and proceedings documents from

national and international conferences of relevance to wound care held since 2010 (Box 1) were scanned to

identify relevant presentations:

Box 1. Wound care conferences

e World Union of Wound Healing Societies (WUWHS) Congress

e Symposium on Advanced Wound Care (SAWC)

e Wound Ostomy and Continence Nurses (WOCN) Society Conference
e Association of Perioperative Registered Nurses (AORN) Conference
e European Wound Management Association (EWMA) Conference

e European Tissue Repair Society (ETRS) Meeting

e European Burns Association (EBA) Congress

e Wounds UK Conference

e Conference Nationale des Plies et Cicatrisations

e Simposio Nacional Ulceras por Presion y Heridas Cronicas

e Associazione ltaliana Ulcere Cutanea Conference

Key points

e Bibliographic databases were searched for relevant research articles.

Abstract books and proceedings documents from specialist conferences were scanned to identify relevant

presentations (oral, e-poster, poster).
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RESULTS

The literature search identified thirty nine peer-reviewed journal articles and nine conference presentations that

make specific reference to the use of Granulox (Table 1).

Table 1. Literature search results

Type Number
Evidence communication type
Peer-reviewed articles 39
Conference presentations (oral, e-poster, poster) 9

Wound types referred to in evidence communications*

Burn 8
Foot ulcer 19
Leg ulcer 22
Pressure ulcer 10
Surgical wound 14
Traumatic wound 12

Study types referred to in evidence communications*

Meta-analysis / systematic review 2
Randomised controlled trial (RCT) 1
Interventional clinical studies (including 2 economic studies based on results of clinical studies) 6
Observational clinical studies 14
Case study series / case study 16
Pre-clinical study (in vitro / in vivo) 1
Expert opinion (narrative review / commentary / survey / audit) 7

*Numbers of wound types are greater than the numbers of evidence communication types as some communications refer to multiple wounds

types
“Numbers of evidence communication types are greater than the numbers of study types as the details of one RCT have been published in two

journal articles

Meta-analyses and systematic reviews

The literature search identified one systematic review and one meta-analysis. In the systematic review, Hu et al'?
reviewed two RCTSs, three historical controlled studies, and 14 case series studies, and concluded that topical
haemoglobin (Granulox) promoted the healing of several wound types (burn, leg ulcer, foot ulcer, pressure ulcer,
surgical or traumatic wound), and was especially efficacious in chronic, non-healing wounds. In addition, the ability
of Granulox to eliminate slough and relieve pain indicated the potential for a new generation of debridement
technology. Its ease of use was considered to support patient self-management, with the associated benefit of

reduced health-care costs.
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Elg & Hunt®® performed a meta-analysis of three published studies'® 1720 to determine the relative healing benefit of
Granulox across three wound types: diabetic foot ulcer, chronic wounds and sloughy wounds (the latter two types
included burns, foot ulcers, leg ulcers, pressure ulcers, surgical wounds and traumatic wounds). In each study,
Granulox plus standard care was associated with a significantly higher chance of healing for each wound type

compared with standard care alone.

Table 2. Meta-analyses and systematic reviews

Reference Design methodology Main outcome measures Main results
Hu et al, Literature search (PubMed, Embase, Efficacy, scope, adverse Pre-clinical and clinical studies have
2020*? Scopus, CENTRAL, CINAHL, and Web of reactions and required demonstrated that topical haemoglobin
science databases) precautions of local therapy can promote the healing of various
haemoglobin therapy types of wounds, especially those that are
Twenty studies met the eligibility criteria: 1 chronic and non-healing

animal model study and 19 clinical studies.
Topical haemoglobin therapy can

substantially reduce the quantity of slough
in a variety of wounds and can relieve pain

Topical haemoglobin therapy is simple to
use and not limited by equipment and the
therapeutic setting, which is conducive to
patient self-management of the wound and
has superior economic cost-effectiveness

Elg & Hunt, | Meta-analysis of three published studies Reduction in wound size or The use of Granulox is associated with a
2018 (Hunt & Elg, 2016, Hunt & Elg, 2017*", and | wound closing over a 26-week | significantly higher chance of healing in
Hunt et al, 2018) to determine the relative treatment period each wound type:
healing benefit of Granulox across different
wound types (diabetic foot ulcer, chronic and Cox proportional hazards log-rank
sloughy) regressions -
Traumatic wound: 1.55 (1.23 - 1.96,
Each wound type with >10 patients in both n=110, p<0.001)
the Intervention (Granulox + standard care) Diabetic foot ulcer: 2.39 (1.52 - 3.75, n=60,
and Control (standard care alone) groups (n p=0.01)
= 257; 73% of patients) was evaluated Venous leg ulcer: 4.98 (1.69 - 14.7, n=33,
p=0.04)

Burn: 1.82 (1.11 - 2.99, n=30, p=0.02)
Post-surgical wound: 2.75 (1.53 - 4.96,
n=24, p=0.001)

Randomised controlled trials

The literature search identified one RCT that assessed the introduction of Granulox into the standard wound care
regimen (nanofibre dressing, gauze fixation and short-stretch compression bandaging), as compared to standard
care alone, in the treatment of chronic venous leg ulcers!4 15, After 13 weeks of treatment, those wounds treated
with the additional Granulox demonstrated an average 53% reduction in wound size, as compared to a slight

increase in wound size in the control group.
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Table 3. Randomised controlled trials

Reference Design methodology Main outcome measures Main results

Arenbergerova | Venous leg ulcers (duration > 8 weeks) Reduction in wound size or Mean reduction in wound surface area in

et al, 2013415 wound closure the Intervention group: 53%,( p<0.0001)

# Intervention (n=36): Granulox plus standard vs mean increase in wound surface area
care (short-stretch compression bandaging, in the Control group: 21%

nanofibre dressing with gauze fixation).
Control (n=36): Sham treatment
(physiological saline spray) plus standard
care (short-stretch compression bandaging,
nanofibre dressing with gauze fixation)

Treatment duration: 13 weeks

#Study data used to forecast healing outcomes in Arenberger et al, 2015?% (Observational clinical study)

Interventional clinical studies

The literature search identified four interventional clinical studies'® 17 18 19, The studies assessed the effectiveness
of Granulox when added to the standard wound care procedure in the treatment of sloughy*é, chronic'®1° or hard-
to-heal” wounds (burn, foot ulcer, leg ulcer, pressure ulcer, surgical wound, traumatic wound), as compared to a
retrospective control of standard care alone. Each study reported significant wound size reduction, with >75% of
wounds completely healed in the intervention group, as compared to the control group. In addition, all four of the

studies observed that wounds treated with Granulox had reduced levels of slough, wound exudate, and pain.

Elg & Bothma?° used real-life data from one of the interventional clinical studies!” to demonstrate the cost-
effectiveness of including Granulox in the standard care treatment regimen for hard-to-heal wounds (pressure
ulcers, leg ulcers, diabetic foot ulcers, burns, surgical and traumatic wounds), as compared to standard care alone
in a retrospective control. Dressing costs for the intervention group were £6953, with 874 cumulative weeks healed,

as compared to £9547 and 278 cumulative weeks healed for the control group.

Briiggenjlirgen et al?!, using real life data from another of the interventional clinical studies? in a Markov model,

demonstrated a potential 40% reduction in overall wound care costs when Granulox was included in the treatment

regimen for diabetic foot ulcers.

Table 4. Interventional clinical studies (economic studies, based on results of interventional clinical studies, are

highlighted in grey)

Reference Design methodology Main outcome measures Main results
Hunt et al, Sloughy wounds (burn, foot ulcer, leg ulcer, Wound healing over a 26- Wounds completely healed at 26 weeks:
2018 pressure ulcer, surgical wound, traumatic week treatment period 94% Intervention group vs 63% Control
wound) group
Intervention group: Granulox plus standard Mean wound size reduction: 98%
care, applied twice weekly. (n=100) Intervention group vs Control group 74%
(p=0.002)
Retrospective control group: Standard care.
Twice weekly dressing changes (n=100) Mean slough coverage of wound: 1%
Intervention group vs 29% Control group
Treatment duration: 26 weeks (p<0.001)
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(e.g. pressure ulcer, leg ulcer, diabetic foot
ulcer, burns, surgical and traumatic), based on
data from a real-life study (Hunt & Elg, 2017)*’

Prospective intervention group (n=50) received
Granulox plus standard care and retrospective
control group (n=50) received standard care
alone

Granulox as an adjunct
therapy over a 26-week
treatment period

Hunt & Elg, Hard-to heal wounds (e.g. pressure ulcer, leg Wound healing over a 26- Wounds healed at 26 weeks: 90% (45 /
2017% ulcer, diabetic foot ulcer, burn, surgical and week treatment period 50) Intervention vs 38% (19 / 50) Control
traumatic) (p<0.001)
Intervention group: Granulox plus standard Mean time to complete wound healing:
care (pre-evaluation dressing) applied twice 6.6 weeks (range 3-22-weeks)
weekly (n=50) Intervention
vs 11.4 weeks Control (range 3-25-
Retrospective control group: Standard care. weeks), (p=0.01)
Twice weekly dressing changes (n=50)
Treatment duration: 26 weeks
Elg & Bothma, | A micro-costing analysis of wound dressing Cost-effectiveness and Total dressing costs at 26 weeks:
2019%° costs for the treatment of hard-to heal wounds break-even analysis of Intervention group - £6953 with 874

cumulative weeks healed vs control group
£9547 with 278 cumulative weeks healed

Incremental cost-effectiveness ratio
(ICER) for Granulox, i.e. the incremental
cost / additional week healed: negative
(dominant)

Total treatment costs per week were
lower from week six onwards, with break-
even estimated to be at week 10.2

Hunt, 20178

Diabetic foot ulcer (duration >20 weeks)
Intervention group: Granulox plus standard
wound care (pre-evaluation dressing) applied
twice weekly (n=20)

Retrospective control group: Standard wound
care (n=20)

Treatment duration: 28 weeks

Wound closure after 28
weeks

Number of wounds completely healed at
28 weeks: 15 (Intervention group) vs 8
(Control group) (p=0.04)

At 28 weeks, wounds in the Intervention
group were reduced in size by 95% vs a
63% reduction in wound size in the
Control group (p=0.02)

Hunt & Elg,
2016

Chronic diabetic foot ulcer

Intervention group (n=20): Granulox plus
standard care (pre-evaluation dressing type
with off-loading if required) applied twice
weekly

Retrospective control group (n=20): Standard
care. Twice weekly dressing changes

Treatment duration: 28 weeks

Reduction in wound size or
wound closure over a 28-
week treatment period

Reduction in wound size at 28 weeks:
95% (Intervention group) vs 63%
(Control) (p=0.02)

Briiggenjurgen
et al, 2018

Chronic diabetic foot ulcer

Analysis of the impact of topical haemoglobin
contact spray on cost

28-week Markov model was programmed
using data from a published real-life study
(Hunt & Elg, 2016%°)

Total costs (dressing
change related costs,
therapeutic nursing care
costs, potential antibiotic
therapy, Granulox spray
costs) over the period of 28
weeks for each treatment

group

Total predicted average costs:
Standard wound care plus Granulox =
€1027

Standard wound care alone = €1737

Equivalent to 40% cost reduction

Observational clinical studies

The literature search identified fourteen observational studies. Two of the articles?? 22 were not published in an

English- speaking journal so no details of the studies are presented or discussed in this review. In a simulated

study, Arenberger et al?4, using data from a RCT (Table 3)14 15, performed a post-hoc analysis with 25,000

simulated patients over a projected 12-month period, that forecast a more effective therapy when Granulox was

included into a standard care treatment schedule for chronic venous leg ulcers than standard care alone, especially

in non-healing or worsening wounds. This prediction is corroborated in eight of the studies?5 26 27 28 29 30 31 32 that

involved a variety of wound types (diabetic foot ulcer25 26 27 |eqg ulcer?8 29 32 hurn28 29, traumatic wound?28 29,

10
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surgical wound?28 29, pressure ulcer3? 31), many being chronic or non-healing. All of the studies reported a positive

reduction in wound size following treatment with Granulox and standard wound care management, with four of the

studies26 28 29 31 reporting significant numbers of healed wounds. In two of these studies28 29, the wounds (leg

ulcer, burn, surgical and traumatic wounds) at presentation were covered with slough (ranging from 10 — 100% of

the wound bed), which can negatively impact on wound healing progression. Following treatment with Granulox, (3-

weeks28 and 5-weeks?29), all wounds were slough-free. Petri et al®3 34, identified increased local oxygen saturation

(StO2) in chronic leg ulcer wound tissue following treatment with Granulox. Interestingly, increases in StO2 varied

between wounds, with those having an increase in StO2 of greater than 10% exhibiting a significant decrease in

wound size33. Granulox was reported as an easy-to-use product 27 28 29 35 'an especially important consideration in

the concept of self-care, that helps patients engage with their healthcare needs, but also facilitates the reduction of

the ever-escalating costs to the healthcare provider.

Table 5. Observational clinical studies

necrobiosis lipoidica (n=5). (Median wound
duration: 27 months, range 2-126 months)

Local oxygen saturation (StO,) of each
wound measured three times:

1. Five minutes prior to Granulox application.
2. Five minutes after Granulox application.

3. Twenty minutes after Granulox application

Standard wound care received by all
patients

Follow-up assessment at 3-4 months

Wound size reduction

Reference Design methodology Main outcome measures Main results
Petri et al, Chronic venous leg ulcer (n=39), mixed leg Tissue oxygenation levels After Granulox application, StO,
2018% ulcer (n=5), pyoderma gangrenosum or increased within the wound on average

from 66.1% to 71 % (p=0.017) after 20
minutes

Patients divided into:
StO; increase >10%: Responder
StO, increase <10%: Non-Responder

Wound size at follow-up significantly
decreased in the Responder Group
(p=0.001); no significant difference in the
Non-Responder group (p=0.950)

Haycocks et
al, 2016%

Non-healing diabetic foot ulcer (<20%
reduction in wound size following a period of
standard care (2 weeks - existing patients, or
4 weeks - new patients) (n=17)

Granulox plus standard care (dressings used
included adhesive, non-adhesive foams,
hydrofiber, superabsorbents, antimicrobials)

Treatment duration: 4 weeks

Percentage wound size
reduction over the 4-week
treatment period

Fourteen ulcers had reduction in wound
size

Mean percentage reduction in wound
size: 53.8% (SD 26.6, range 11.9 - 100%)

Hunt, 2016%

Traumatic wound (n=20)

Self-care of wounds using Granulox plus
patient's normal dressing regimen, twice
weekly

Treatment duration: 4 weeks

Patient ease of (self-care)
use of Granulox

Overall product experience

100% (n=20) of self-harm behaviour
patients were able to apply Granulox
therapy independently

85% (n=17) said Granulox was easy to
use and 15% (n=3) found it manageable

90% (n=18) found the experience
excellent and 10% (n=2) deemed it good

Hunt et al, Chronic diabetic foot ulcer (n=13, 15 Progression towards healing After 12 weeks of treatment:
2016% wounds) - 3 wounds (20%) healed
- 8 wounds (53%) had progressed
Continuation of Haycocks et al, 2016 % towards healing
Granulox plus standard care - 1 wound (7%) was healing slowly
- 3 wounds (20%) increased in size
Treatment duration: Up to 12 weeks
Marinovic et Traumatic and surgical wound This article is not in English - English abstract contains no relevant
al, 2016% information
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Petri, 2016%

Chronic leg ulcer (n=5) (duration > 8-weeks)

Local oxygen saturation (StO,) of wound
measured three times:

- Prior to application of Granulox

- Five minutes after Granulox application

- Twenty minutes after Granulox application

Oxygen saturation

After Granulox application, average StO,
significantly increased within the wound:
- Before Granulox application: StO, =
56.4%.

- Five minutes after application: StO, =69
% (p=0.042)

- Twenty minutes after application: StO, =
78.8% (p=0.043)

Arenberger et

Venous leg ulcer (n=72)

Proportion of wound closure

Predicted wound closure rates at 6

al, 2015% over time (using 25,000 months: 55% (Intervention group) vs 4%
Linear regression model used to forecast simulated patients for each (Control group)
healing outcomes over a 12-month period group)
Predicted wound closure rate at 12
Simulated data were taken from normal months: 85% (Intervention group) vs 13%
distributions based on post-hoc analysis of a (Control group)
72-patient study in non-healing and
worsening wounds (36 patients receiving
standard care and 36 receiving standard
care plus topical haemoglobin spray)
(Arenbergerova et al, 2013)141°
Bateman, Chronic diabetic foot ulcer (n=20) (duration Wound size reduction After 4 weeks:
2015% >12 weeks) - All wounds demonstrated positive
Ease of use wound size reduction
Twice weekly applications of Granulox, plus - All patients and clinicians rated
standard wound dressing management as Granulox easy to use
received prior to study. Standard care
included foam dressings, retention bandage,
and the continuation of off-loading boots and
shoes
Treatment duration: 4 weeks
Bateman, Sloughy wounds (leg ulcer, burn, traumatic Slough reduction After 3 weeks of treatment, all wounds
2015% wound, surgical wound) (n=25) were 100% slough-free (6 Granulox

Granulox applied twice weekly, plus
standard wound cleansing and previous
dressing management

Treatment duration: 4 weeks with 5-week
follow-up

Wound surface area
reduction

Patient ease of self-care use

Overall product experience

applications)

After 4 weeks of treatment and 5-week
follow-up period, 76% (n=19) wounds had
completely healed

100% of patients / carers found Granulox
easy to use

100% patients / carers had a positive
wound care experience

Hunt, 2015%

Sloughy wounds (burn, leg ulcer, surgical
wound, traumatic wound) (n=100)

Granulox applied twice weekly alongside
normal cleansing and dressing regimen
(dressings included soft silicone foam,
hydrofiber, compression therapy and
retention bandages)

Treatment duration: 4 weeks with 5-week
follow-up

Slough reduction

Wound surface area
reduction

Patient ease of self-care use

Overall product experience

After 4 weeks of treatment:
96% wounds were slough-free (100% at
week 5)

All wounds reduced in size; 80% had
completely healed at the end of the
follow-up period

100% patients / carers found Granulox
easy to use

100% patients / carers had a positive
wound care experience

Tickle, 2015%

Pressure ulcers (category 2, 3 and 4) (n=18)

Granulox, applied at each dressing change,
plus standard care (dressings included
adhesive foam, alginate, hydrofiber and
hydrogel)

Treatment duration: 4 weeks

Wound size reduction

After 4 weeks of treatment:

- Wound healing progression observed in
all 18 wounds (100%)

- Wound size reduction recorded in 17
wounds (94%)

12
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Bateman, reduction
2015% Granulox plus standard care (dressings
included adhesive foam, alginate, hydrofiber
and hydrogel) as performed in the original
study (Tickle, 2015%°)

Treatment duration: 12 weeks

Tickle & Pressure ulcer (category 2-4) (n=11) Wound healing / wound size After 12 weeks of treatment:

- Nine wounds had healed (82%).
- Two wounds had reduced in size (77%
and 33% reductions)

41months (range 6-120 months)

Inclusion to trial if <40% size reduction after
4-week run-in period with standard care

Granulox applied at each dressing change
(median - twice a week, (range: daily - 3
times / week). Standard care as per run-in
period. Compression therapy if required

Treatment duration: 4 weeks

Marinovi¢ et Traumatic wound This article is not in English - English abstract contains no relevant
al, 2014% information
Norris, 2014% | Venous leg ulcer (n=17) (average duration — | Wound size reduction After 4 weeks, all patients who completed

the study (n=14) showed a reduction in
wound area

Percentage wound reduction ranged from
15.5% to 96%, with a median reduction of
68%

Case studies and case study series

The literature search identified two case studies and fourteen case study series. The wound types referred to in the

evidence communications include leg ulcers36373839404142434445 g rgical wounds36 3840414647 pressure ulcerss® 42

46 foot ulcers37 40 41 42 47 48 49 50 hyrn wounds?*” and traumatic wounds#? 51, All the wounds were chronic. The

wounds were all treated using Granulox plus standard wound care regimes, including compression therapy if

requireds® 37 38 39 43 44 45 \Wound size reduction was reported in all sixteen studies following the introduction of

Granulox therapy, and in nine of the studies, complete wound closure was recorded36 383941434546 5051 "yjth three

studies reporting no recurrence of the wounds®¢ 4345 The inclusion of Granulox into the treatment regime was

reported to help avoid amputation surgery3” 4%, reduce slough, wound exudate and pain*é, and improve quality of

life for the patient*. In addition, Granulox was shown to be a cost-effective treatment, with >50%?*! reduction in

dressing related costs, and >30%3 and >70%*%? reductions in overall costs reported in two other studies, when

compared to standard care alone.

Table 6. Case studies and case study series

and 4-layer compression bandage
every 3 days

Case 2: Weekly Granulox plus
Mepilex Ag and 2-layer compression
system

Cases 3 -5: treatment regime not
stated

Reference Wound type Treatment regime Main observations

Loh et al, Leg ulcer (n=3) Case 1: Granulox plus Mepilex® Ag Introductory review of existing clinical evidence suggests

2020% Surgical wound (silver-containing foam dressing with | that Granulox aids with both wound healing and symptom
(n=2) soft silicone wound contact surface) relief in chronic wounds

Case 1: Leg ulcer healed after 4 weeks

Case 2: Mixed arterial-venous leg and foot ulcers healed
after 5 weeks

Case 3: Amputation wound healed after 16 weeks of
treatment

Case 4: Leg ulcer healed after 3 weeks
Case 5: Amputation wound healed after 15 weeks

Granulox treatment hastened wound healing time with a
lower recurrence rate

13
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Winaikosol et

Radiation ulcer

Granulox in combination with

Gradual progress towards healing with achievement of

al, 2020° (n=1) hyperbaric oxygen therapy (30 good granulating base. Wounds closed after 2 months
sessions) using small split thickness skin graft

Lee et al, Pressure ulcer (n=2) | Granulox plus standard wound care Case 1: wound healed after 2 months

20194 Surgical wound Case 2: wound almost healed after 1 month

(n=1)

Case 3: wound healed after 2 months

Wilasrusmee,
2019%

Diabetic foot ulcer
(DFU) (n=1)
(duration >1month)
Chronic venous leg
ulcer (VLU) (n=1)
(duration >1year)

Case 1 (DFU): Granudacyn®
(hypochlorous acid-containing
wound cleanser) and Granulox (no
other details specified)

Case 2: Granudacyn® Gel
(hypochlorous acid) for 3 weeks
followed by Granulox for 3 weeks,
plus standard care including
compression

Case 1: wounds almost healed 2 months after treatment.
Below knee amputation avoided

Case 2: ulcer decreased in size; increase in granulation
tissue in the wound bed

Wongprachum, | Diabetic foot ulcer Granulox plus standard wound care Improved wound closure and wound size reduction, as
2019 (n=3) (duration >6 well as reduced levels of pain, slough, and exudate levels
weeks)
Grzegorz, Leg ulcer (n=1) Following cleansing and After 49 days of treatment, Case 1 & 2 wounds were
2018% Surgical wound debridement, Granulox was applied almost healed; Case 3 had complete wound closure
(n=2) to the wound bed every 2 days at
dressing change (non-adherent, Cost analysis:
silver-containing contact layer plus Old treatment (simple gauze) - €1500
an absorbent dressing). New treatment (advanced dressings plus NPWT) - €740
New treatment plus Granulox - €500
Case 1 and 3: Temporary negative (Case 1 - €574, Case 2 - €541, Case 3 - €457)
pressure wound therapy (NPWT)
was applied from day 7 to day 14
Case 2 and 3: Compression therapy
was applied
Hong et al, Foot ulcer (n=3) Granulox plus antimicrobial Case 1 and 2: Significant wound healing with complete
20184 hydrofiber dressing applied twice a epithelialisation after 3 weeks

week for 4 weeks

Case 3: Increased epithelialisation of wound edges after 3
weeks

Fletcher et al,
2017%

Leg ulcer (n=4)
Pressure ulcer (n=4)

Brief overview of Granulox and the
significance of oxygen in wound
healing

All cases: Granulox plus standard
wound care. Cases 7 and 8
(described in greater detail):
Granulox plus a foam dressing, and
compression therapy

Cases 1-6: Condition of the wound improved in all cases.
Cases 1 & 2: wounds healed after 2 and 3 months,
respectively

Cases 7 & 8: After 5 months of treatment, the wounds
exhibited significant wound healing, with new epithelial
tissue present

Jermsuijarit et Burn (n=1) Granulox applied to wound and All 10 non-healing wounds exhibited significant reduction
al, 20174 Foot ulcer (n=4) covered with a foam dressing every in size

Surgical wound 2 days

(amputation due to >50% treatment cost saving presented for three of the

osteomyelitis) (n=3) case studies

Traumatic wound

(n=2)
Laeuchli, Hard to heal Granulox plus standard care for 12 Granulox facilitated healing progress, with a reduction in
2015 wounds (leg ulcer, weeks wound size in 10/13 wounds

foot ulcer, surgical

wound) >6 months

prior to treatment

(n=13)
Lopez et al, Chronic wounds: Granulox application and dressing Of the 15 patients, 14 achieved wound closure (1 patient
2015% surgical wound, changes (standard care) initially therapy ongoing)

diabetic foot ulcer,
venous leg ulcer
(n=15; 19 wounds)

three times per week or twice per
week during the first days or weeks,
and later reduced to weekly

Six cases of amputation were prevented

14
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Engels, 2015%

ulcer (n=2)

Granulox applied and dressed with a
polyurethane foam plus gauze. High
compression therapy was
performed. Left leg received skin
graft. Treatment with Granulox plus
a non-adhesive foam dressing and
gauze was continued for both ulcers

Mohamud, Non-healing Granulox plus standard wound care Case 1; reduction in wound size
20154 wounds: (secondary dressing: hydropolymer Case 2: reduction in wound size by 80% with 100%
Foot ulcer (n=1) foam) granulation tissue after 4 weeks
Leg ulcer (n=1) Case 3: reduction in wound size and condition of wound
Pressure ulcer (n=1) bed tissue improved after 4 weeks
Total costs for Granulox plus dressings were reduced by
91%, 71% and 97% for cases 1, 2 and 3, respectively, as
compared to costs prior to Granulox treatment
Mustafi & Non-healing leg Ulcers on both legs had thin layer of | Wound closure of infected chronic venous leg ulcers was

achieved within less than 4 weeks

No ulcer recurrence at 4-week follow-up

Paraschiv,
2015%

Venous leg ulcer
(n=12)

Initial treatment with a DACC-foam
dressing to remove infection,
followed by Granulox plus foam
dressings (DACC and silicone), and
compression therapy (compliant
patients)

All wounds exhibited healing

Babadagi-
Hardt et al,
20144

Venous leg ulcer
(n=1)

Granulox applied as a thin layer to
the wound bed (2-3 second spray >>
500ul/10cm?) three times/week,
following mechanical cleansing

Initial 8 weeks of treatment:
activated charcoal dressing with
silver (primary dressing) plus super
absorbent dressing, fixed with gauze
bandage. Daily compression therapy

After 8 weeks: absorbent silicone
foam dressing (primary dressing)
fixed with gauze bandage.
Compression therapy

Complete wound closure after 16 weeks of treatment, with
no recurrence at 2-month follow-up

Significant improvement in patient quality of life

Chadwick,
2014%

Diabetic foot ulcer
(n=4)

Daily Granulox application plus
standard care (e.qg. off-loading,
infection management)

Two ulcers completely healed after 10 weeks (n=1) and 12
weeks (n=1) of treatment

One ulcer exhibited 20% wound size reduction after 2
weeks of treatment

Condition of one ulcer improved, but subsequently
deteriorated and became infected following a missed
treatment

Pre-clinical studies

The literature search identified one pre-clinical study. Holzer et al*?, determined the inhalation risk of using

Granulox to the user, bystander or the patient. Granulox spray was shown to pose no danger from inhalation, as no

nanoparticles or dust were created during its application.
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Table 7. Pre-clinical studies

(SMPS) used to measure risk of
product inhalation (Granulox) by the
patient and bystander

Spectrometer used at 5 different
distances to determine product
particle size and product
concentration

Reference Design methodology Main outcome measures Main results
Holzer et al, Laser scattered light photometer and | Total particle concentrations and No nanoparticles or dust were created
2019% scanning mobility particle sizer particle size fractions during the application of the Granulox

spray

The use of the Granulox spray poses no
danger from inhalation for the user, a
bystander, or the patient

Expert comment

The literature search identified seven review articles? 3452535455 Al the articles discuss the positive use of

Granulox as a topical oxygen therapy for the treatment of chronic, non-healing wounds. A common

recommendation supported the initiation of Granulox treatment, if after 4 weeks of standard care, the wound failed

to demonstrate healing?52535455, Three reviews?® 5254 discussed the acceptability and ease of use of

Granulox, and the lack of side-effects, and two of these reviews3 >4 also considered the cost-effectiveness of

including Granulox into a wound care management regimen as compared to standard care alone.

Table 8. Expert comment

Reference Design methodology Key points
Kroger et al, | Narrative review of the publicly Summarises the pre-clinical and clinical data relating to the use of Granulox on
2020% available in vitro and in vivo clinical venous leg ulcers, diabetic foot ulcers and pressure ulcers; also discusses the safety
data relating to Granulox and economic benefits of Granulox. The findings highlight the acceptability and ease
of use of Granulox
Chadwick et | Expert panel proceedings, focusing Recommends that topical oxygen therapy (Granulox) should be used as an adjunct
al, 20192 on the role, evidence base and to best practice and considered after 4 weeks of standard care if the wound appears
practicalities of using topical oxygen | to be non-healing. Early initiation should be considered if the patient has peripheral
therapies (including Granulox) in the | arterial disease (PAD), ulcer pain, a non-healing amputation wound or following
management of diabetic foot ulcers debridement
Stang, Expert panel consensus guidelines Recommends that, after 4 weeks of standard care in patients with non-healing
2018% on the use of Granulox in the wounds, Granulox treatment should be considered. Patients at risk of delayed
treatment of diabetic foot ulcers and healing should be considered for Granulox treatment at an earlier time
how it 'fits' with standard wound
care. Discusses the identification of Document also presents a ‘traffic light' system to help clinicians decide when and
appropriate patients and how to initiate Granulox treatment
recommendations for the use of
Granulox in different health care
settings
Gottrup et Narrative review of the published Key findings of the review:
al, 20173 evidence for Granulox as a topical - Granulox evidence (1 RCT, 1 controlled open label study, 3 controlled cohort
oxygen therapy, considering studies included) graded 1B with a positive effect statistically shown
outcomes, cost-efficiencies, and the - In excess of 50,000 Granulox treatments in more than 20 countries with no relevant
patient perspective of treatment side effects; a clear positive benefit risk value identified
- Granulox therapy has a high level of patient acceptance and is easy to use by the
patients themselves
- Granulox has a relatively low cost of application
Strohal, Interdisciplinary expert panel Evidence base on topical haemoglobin is positive; Granulox is an adjunct therapy to
2016% proceedings, discussing the best practice wound management
advantages and disadvantages of
haemoglobin spray usage Granulox promotes healing by improving the supply of oxygen to non-healing (240%)
acute and chronic wounds (after 4 weeks of standard wound care)
The advantages of Granulox listed as: simple application (can be performed by
patient), few side-effects, health-economic effect

*%
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Dissemond Narrative review, focussing on Results to date for Granulox suggest a potent adjunctive effect of haemoglobin on
et al, 2015* topical oxygen therapeutic the healing process in different types of chronic wounds
approaches for chronic wounds and
their impact on healing. Includes an
overview of published clinical data
relating to Granulox
Dissemond Narrative review, focussing on Granulox is named as one of a number of wound (kick) starter products intended to
et al, 2014°® | aspects of non-interventional, topical | alter the wound milieu or wound surface of chronic wounds which despite optimal
wound treatments for daily practice care, remain hard-to-heal
Key points

e Treatment of chronic, hard-to-heal wounds with Granulox, in combination with standard care, facilitates a

significant reduction of wound size or complete wound closure.

e Granulox is a safe, easy to use product.

e Granulox is a cost-effective adjunctive therapy to standard wound care treatment.

CONCLUSION
The available evidence in the published literature related to Granulox strongly indicates that it is a safe, and both

cost- and therapeutically- effective topical oxygen therapy for use on a range of chronic, hard-to-heal wounds. The

use of Granulox is supported by scientific and clinical data generated from studies that span across the entire

evidence hierarchy (Figure 2) However, although this evidence is compelling, the evidence is mostly generated

from lower level non-randomised studies, often involving relatively low sample sizes. Moving forward, larger RCTs

and interventional clinical studies, with larger sample sizes are warranted in order to fully elucidate the expected

clinical and economic benefits of Granulox.

50
45
40
35
30
25
20

Number of studies

15
10

B Meta-analysis / systematic review

® Randomised controlled trial (RCT)

H Interventional clinical study*

B Observational clinical study

= Case study series / case study

W Pre-clinical study (in vitro / in vivo)

B Expert opinion (narrative review /
commentary / survey / audit)

*includes 2 health economic studies based on results of clinical studies

Figure 2. Quantitative analysis of Granulox-related evidence
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