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Abstract:

Background: Cell and/or tissue-based wound care products have slowly
advanced in the treatment of non-healing ulcers, however, few studies have
evaluated the effectiveness of these devices in the management of severe
diabetic foot ulcers.

Method: This study (KereFish) is part of a multi-national, multi-centre,
randomised, controlled clinical investigation (Odin) with patients suffering from
deep diabetic wounds, allowing peripheral artery disease as evaluated by an
ankle brachial index equal or higher than 0.6. The study has parallel treatment
groups: Group 1 treatment with Kerecis® Omega3 Wound™ versus Group 2
treatment with standard of care. The primary objective is to test the hypothesis
that a larger number of severe diabetic ulcers and amputation

wounds, including those with moderate arterial disease, will heal in 16 weeks
when treated with Kerecis® Omega3 Wound™ than with standard of care.

Conclusion: This study has received the ethics committee approval of each
participating country. Inclusion of participants began in March 2020 and ended
in July 2022. The first results will be presented in March 2023. The study is
registered in ClinicalTrials.gov as Identifier: NCT04537520.
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1. Introduction

While the prevalence of diabetes is increasing in developed countries, the quality of
management of diabetes is improving and consequently, the cost of management is also
increasing [1,2]. Rates of diabetes-related complications have declined substantially, but a
large burden of the disease persists because of the continued increase in the prevalence of
diabetes and cost of management of diabetes complications is also increasing [1-3]. Diabetic
foot complications are serious and costly [4]. Diabetic foot ulcer (DFU) most often results
from the combination of two major complications of diabetes: diabetic neuropathy and
angiopathy, often complicated by soft tissue and bone infection. Arterial disease represents
the most severe prognosis in terms of amputation and mortality. DFUs are a severe
complication of diabetes mellitus and impact morbidity, mortality, and healthcare expenditure
in a serious way. It is known that that 19-34% of patients with diabetes are likely to be
affected with a DFU in their lifetime, and the International Diabetes Federation reports that
9.1-26.1 million people will develop DFUs annually [5]. Patients with DFUs were also found
to have a 2.5-fold increased risk of death compared with their diabetic counterparts without
foot wounds [6]. Treatment of DFUs accounts for approximately one-third of the total cost of
diabetic care, which was estimated to be USD 176 billion in direct healthcare expenditures in
2012 [7]. Despite these high healthcare costs, about 20% of patients have unhealed DFUs at 1
year [8]. Even after wound resolution, subsequent DFUs are common, with a recurrence rate
of roughly 40% of patients within 1 year [5]. Although there are well-established principles
for managing DFUs, it is always a challenge. The fundamental care of a DFU includes sharp
debridement, off-loading, and diabetic foot education in addition to local wound care with or
without surgical debridement, dressings promoting a moist wound environment, wound off-
loading, vascular assessment, general medical assessment, treatment of infections, and
glycaemic control [9,10]. Thus, diabetic foot care must be multidisciplinary.

Cell and/or tissue based wound treatment products (CTPs) have slowly been advancing in the
treatment of non-healing ulcers in the last 20 years. The first large studies on CTPs were
published in 2005 for use on venous leg ulcers [11]. The largest of these studies used material
from pig small intestine in the intervention group and later a number of other materials have
been studied and used, mainly decellularized membranous organs from mammals but also
cellularised skin equivalents and freeze dried amnionic membranes. In 2013, a new product
was approved in the US by the Food and Drug Administration, decellularized fish skin
[Kerecis® Omega3 Wound™, Kerecis, Iceland]. Delivered as a sterilized, freeze-dried
material, the fish skin graft has the benefit of not being treated with antibiotics and virus
inactivating methods, thereby allowing the natural omega-3 fatty acids to remain, and it is a
by-product of the food industry. Therefore, the fish derived CTP is both ecologically
sustainable as well as rich in naturally occurring soluble molecules and omega-3 fatty acids.
Omega-3 fats seem to have a multitude of positive actions, including an anti-inflammatory
function and to some extent anti-bacterial properties. In clinical use it has promoted healing of
chronic ulcers [12], consequently, its evaluation in the treatment of DFU is legitimate.

2. Materials and Methods

This study, KereFish, is the is the French part of a multinational clinical trial taking place in
France, Germany, ltaly, and Sweden. The overarching study, Odin, is a multi-national,
multicentric, randomised, controlled, open-label, interventional study comparing the use of



Kerecis Omega3Wound with conventional therapy (SOC, Standard of Care) in the treatment
of complex, hard-to-heal, diabetic foot wounds with a planned total of 330 patients.

Primary objective: To demonstrate the superiority of Kerecis Omega3Wound over SOC in the
treatment of severe diabetic wounds with or without a moderate arterial component.

Secondary objectives: The secondary objectives are to: (i) Evaluate the safety of Kerecis
Omega3 Wound. (ii) Assess secondary clinical efficacy endpoints. (iii) Assess patient and
caregiver satisfaction. (iv) Assess the impact on patient quality of life. (v) Assess the
economic impact of Kerecis Omega3 Wound treatment on patient care costs and to determine
the effectiveness of this treatment.

Primary endpoint: Percentage of healed wounds with complete epithelialisation at 16 weeks.

Secondary endpoints: Change in ulcer grade according to the University of Texas diabetic
wound classification at each weekly visit. Change in quality of life. Change in pain. Healing
trajectory. Cost effectiveness. Number of participants with fully healed ulcers at 20 weeks.
Number of participants with fully healed ulcers at 24 weeks. Percentage of ulcers healed 50%
or more at 12 weeks.

Inclusion criteria: People living with diabetes of any age with diabetic foot ulcer Grade 2 or 3
according to the University of Texas (UT) diabetic foot classification system [13]; Grade 2:
wound penetrating to the tendon or capsule. UT Grade 3: wound penetrating to bone or joint,
OR patients admitted/ambulatory for diabetic foot wounds or amputations, which have not
closed or are dehiscent. Patients who can tolerate aggressive surgical debridement. Patients
without severe ischaemia; ankle brachial index (ABI) > 0.6 or big toe pressure > 50 mmHg if
ABI is not possible. Wound age 30 days (does not apply to amputation wounds; patients
can be included when the wound is less than 30 days old) or if the amputation level is below
the ankle. Patients willing and able to give informed consent to participate in the clinical trial.
Male or female over 18 years of age. Patients living at a geographical distance compatible
with the home nurse.

2.1. Conduct of the Study

This study uses the Smart-Trial® electronic platform for gathering data, obtaining CRFs, and
monitoring of the study. The study design is demonstrated in Figure 1. Randomisation will
take place after inclusion via the electronic case report form. The randomisation list is in
blocks of two; the stratification will be performed according to two criteria: amputation and
non-amputation wounds and ABI (_0.9 and >0.9). Patients will then be assigned either to the
conventional treatment group (control group), or to the interventional group, where they will
be treated with Kerecis Omega3 Wound. The hospital investigator will assess the wound
status of patients in both groups during hospital visits at the following times:

e  Week 7: patients come to the hospital for the investigator to assess wound progress.

e Week 16: end of study visit after the last application of Kerecis Omega3Wound. An
HbA1c measurement will be collected.

e Week 20: patients come to the hospital for the investigator to assess the progress of
the wound.

o Week 24: at the end of the two-month follow-up period an HbAlc measurement will
be collected.
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Figure 1. KereFish study design.
The referral nurse (RN) and the home nurses (HNs) for the study in each centre will receive
theoretical and practical training from a Kerecis professional specialized in wound care

In the study, the difference between the standard of care group and the interventional group is
that Kerecis Omega3Wound is applied between the dressing, that would otherwise contact the
ulcer, and the ulcer bed. The dressing on top of Kerecis Omega3Wound then becomes the
covering dressing. In the control group, the care is the same whilst there is no Kerecis
Omega3 Wound under the covering dressing. Most often, the covering dressing would be a
foam dressing. The different approaches for using offloading in different clinics will adhere to
the International Working Group on the Diabetic Foot’s Guidelines [10].

Kerecis Omega3 Wound is applied once per week for the first six weeks, and every other
week for the remaining 8 weeks of active intervention, with up to 10 applications in total. If
complete epithelialization is achieved, the application will be stopped. Both groups will
receive standard of care for the last two weeks (Weeks 15 and 16). For both groups each
week, when the home nurse takes a picture of the wound, he/she will ask the patients to fill in
a visual analogue scale (VAS) for perception of pain.

For the management of wounds in the conventional group, a specific care protocol will be
communicated to those involved in the patient’s care. This protocol will include indications
for the following elements of wound care: (i) Cleaning: basic hygiene care, Isotonic saline
solution, running water and neutral soap. (ii) Debridement (aggressive, surgical) of the wound
will be mechanical using a fixed blade scalpel/scalpel No. 10 or 15, or a sterile single-use
curette such as MediSet®. The debridement procedure will be performed from the centre to
the periphery of the lesion by removing non-vital components in the tangential planes and
removing overhanging edges and hyperkeratosis and acanthosis of the skin at the wound
edges. Mild bleeding attests to the quality of the debridement. (iii) Recovery: various
dressings can be used: hydrocolloids, hydrofibres, alginate, hydrocellular and charcoal
dressings, silver dressings, wound contact dressings, including fatty tulle (Vaseline gauze)



and compression dressings (postoperative indication). Practical Guidelines on the prevention
and management of diabetic foot disease of the InternationalWorking Group on the Diabetic
Foot (IWGDF) are also used for choice of the local recovery [10].

2.2. Patient Monitoring

When epithelialisation is complete, treatment and visits from the home nurses will be stopped.
Follow-up will be carried out by the referent nurses, who will visit the patient monthly or see
him/her in hospital to check the wound, take a picture of the wound and collect information in
case of a new hospitalization, relapse, or other important events until Week 24. The duration

of the participation in the study: 16 weeks/patient + 8 weeks follow-up with a focus on wound
healing at 16 weeks.

2.3. Photography
The ulcer is photographed before debridement/cleaning, after debridement/cleaning if that is
deemed necessary, and after placement of Kerecis Omega3Wound (if applicable) with a
centimetre scale and patient identifier placed in the photo. An acetate tracing (outline of the
ulcer on transparent plastic) is made and photographed where a centimetre scale and a patient
identifier is visible in the photo. Photos are uploaded via the Smart-Trial® portal as a part of
filling out the case report form). The largest diameter, and the diameter perpendicular, is
measured at all visits.

Three status checkpoints are imbedded in the study:
i. Has the wound changed its grade, i.e., have the granulations covered bone and
tendon? Answered by clinician since the answer is dependent on probing to bone.
ii. Is the wound ready for standard of care only, to commence healing? Answered by
clinician and blinded panel of clinicians.
iii. Would a split thickness skin graft be a logical next intervention? Answered by blinded
panel only.

2.4. Statistical Methods
The null and alternative hypotheses are:

e HO: no difference in the percentage of patients cured with complete epithelialization
at 16 weeks between Kerecis Omega3 Wound and the SOC.

e HI1: a percentage difference in the number of patients cured with complete

epithelialization at 16 weeks between Kerecis Omega3 Wound and SOC.

o Itis expected that 30% of patients will have healed with complete epithelialization at
16 weeks in the SOC group [see point below].

e A 20% improvement with Kerecis Omega3Wound (i.e., 50% of patients healed)

would be considered clinically significant.

e A Fisher’s exact conditional test with a two-sided significance level of 0.05 will have
80% power to detect the difference between a Group 1 proportion of 0.3 and a Group 2
proportion of 0.5 for a size d sample in each group of 90.

e Assuming an attrition rate of 10%, 180 patients (=190/0.9) will need to be

randomized in this trial.
Statistical analysis will be performed using SAS® software, version 9.4.0 or higher.



Analysis of the primary endpoint (i.e., the percentage of patients healed with complete
epithelialization at 16 weeks) will be conducted using Fisher’s exact test. The 95% confidence
intervals of the proportions in each group will be displayed.

3. Discussion

In Explorer study [14], the sucrose octasulfate dressing significantly improved wound closure
of neuroischaemic diabetic foot ulcers without affecting safety after 20 weeks of treatment
along with standard care. Our study has a concept to replace the extracellular matrix (ECM)
of chronic wounds, which is inflammatory in nature and cannot promote healing. Chronic
wound fibroblasts cannot reorganize the ECM [15] and are insensitive to growth factors and
other signalling factors [16], chronic wound fluid contains excessively high levels of
metalloproteinases factors [17], partly due to inflammation. Fibronectin, a key component of
provisional ECM that provides important binding sites is rapidly degraded by proteases [18].
In fact, growth factors themselves are also rapidly degraded by proteases [19]. Chronic
wounds also lack the integrin receptor for fibronectin binding and keratinocyte migration [20].
The proteoglycan and glucosamine signalling of this construct is not yet well defined and may
be less robust than the better characterized ECM properties of porcine small intestine (SIS)
submucosa. This construct has been well characterized as containing proteoglycans and
glycosaminoglycans, as well as endogenous active growth factors [21]. In hard-to-heal
patients as defined above, we intend to try to save these hard-to-heal wounds with the intact
fish skin graft observation wise, intact fish skin graft has the potential to move the wound
from an inflammatory phase to a healing phase [22], we wish to use this graft in wounds that
are difficult to heal. The technology provides a natural structure that contains proteins and fats
(including omega-3) allowing stem cells and cells to migrate in the fish skin graft
subsequently breaking it down to leave the cells and vessels invading the graft as a new
foundation for healing.

It is estimated that two thirds of people with diabetes will develop peripheral neuropathy
leading to loss of sensation, pain, and abnormal foot architecture [23], a quarter will develop a
foot ulcer [24]. Of these, over half will become infected requiring hospitalization and a fifth
of these will result in amputation [25]. It is clear that diabetes and its complications will place
a greater burden on health care and financial resources and this situation is expected to worsen
[26]. The reduction in ulcer size obtained after 4 weeks can predict the rate of ulcer healing, if
the reduction is not close to 50% after 4 weeks, the ulcer has a chance of being healed
between 9 and 30% only after 12 weeks [22]. Chronic ulcers are a port of invasion of bacteria
and as noted above and are a marker for a high risk of amputation [24]. Rapid ulcer healing in
this patient group is therefore needed, and there has been an upsurge of research into
strategies to improve wound healing rates [27].

To our knowledge, the Explorer study [14] was the first to assess the efficacy of a dressing in
individuals with DFUs associated with neuropathy and peripheral artery disease. The
KereFish trial has the objective of investigating the reduction of the healing time of
neurovascular ulcers in patients living with diabetes with an ABI lower than that taken into
account in the Explorer Study [14] even if the devices used in this study are not part of the
same category of wound treatment. The KereFish trial is also considered as the first study in
therapy strategy considered passive in neurovascular lesions using skin graft [27]. A small
series has demonstrated the potential for intact fish skin graft rich in omega-3 to accelerate
wound healing in diabetic foot wounds and warrants further analysis in a randomised
controlled trial, potentially as a routine adjunct in postoperative wound management, but



those series had no control group which seems to be a principal limitation to prove the
effectiveness of this type of therapy.

4. Conclusions

The aim of the KereFish and larger Odin study is to demonstrate the superiority of Kerecis
Omega3Wound over SOC in the treatment of diabetic wounds. 180 patients should be
enrolled at the end of the inclusion period which is end of July 2022 and the first results are
planned to be published in March 2023.

Author Contributions:

Conceptualization, D.D., H.K., G.C. and B.T.B.; methodology, L.O.; software, L.O.;
validation, D.D., G.C., B.T.B. and H.K.; formal analysis, B.D.; investigation, M.F., L.P., A.S.
(Ariane Sultan), J.M., B.B., A.C., AJ., AS. (Ayoub Shaa), E.B., D.D., L.K. and R.B.A;;
resources, D.D.; data curation, D.D. and L.O.; writing—original draft preparation, D.D.;
writing—review and editing, L.P., L.C., B.T.B.; visualization, D.D. and H.K.; supervision,
H.K.; project administration, D.D. and H.K.; funding acquisition, D.D. and G.C. All authors
have read and agreed to the published version of the manuscript.

Funding:

This research received no external funding.

Institutional Review Board Statement:

The study was approuved by Comité de protection des personnes Sud-Est IAddress: CHU de
SAINT-ETIENNE—HOPITAL DE BELLEVUE—25 Boulevard Pasteur Direction des.
Affaires Médicales & de la Recherche—Pavillon 31 42055 SAINT-ETIENNE France,
approuval nomber 20.01563.020030.

Informed Consent Statement:

All patients gave a signed informed.

Data Availability Statement:

All data are available in the manuscript.

Conflicts of Interest:

All authors declare have no conflict with the study



References

1. Bommer, C.; Sagalova, V.; Heesemann, E.; Manne-Goehler, J.; Atun, R.; Bérnighausen, T.;
Davies, J.; Vollmer, S. Global Economic Burden of Diabetes in Adults: Projections From
2015 to 2030. Diabetes Care 2018, 41, 963-970. [CrossRef] [PubMed]

2. Pornet, C.; Bourdel-Marchasson, 1.; Lecomte, P.; Eschwege, E.; Romon, I.; Fosse, S.;
Assogba, F.; Roudier, C.; Fagot-Campagna, A.; ENTRED Scientific Committee. Trends in
the quality of care for elderly people with type 2 diabetes: The need for improvements in
safety and quality (the 2001 and 2007 ENTRED Surveys). Diabetes Metab. 2011, 37, 152
161. [CrossRef] [PubMed]

3. Gregg, E.W.; Li, Y.; Wang, J.; Rios Burrows, N.; Ali, M.K.; Rolka, D.; Williams, D.E.;
Geiss, L. Changes in diabetes-related complications in the United States, 1990-2010. N. Engl.
J. Med. 2014, 370, 1514-1523. [CrossRef] [PubMed]

4. Fosse, S.; Hartemann-Heurtier, A.; Jacqueminet, S.; Ha Van, G.; Grimaldi, A.; Fagot-
Campagna, A. Incidence and characteristics of lower limb amputations in people with
diabetes. Diabet. Med. J. Br. Diabet. Assoc. 2009, 26, 391-396. [CrossRef] [PubMed]

5. Armstrong, D.G.; Boulton, A.J.M.; Bus, S.A. Diabetic foot ulcers and their recurrence. N.
Engl. J. Med. 2017, 376, 2367-2375. [CrossRef]

6. Walsh, J.W.; Hoffstad, O.J.; Sullivan, M.O.; Margolis, D.J. Association of diabetic foot
ulcer and death in a population-based cohort from the United Kingdom. Diabet. Med. 2016,
33, 1493-1498. [CrossRef]

7. Driver, V.R.; Fabbi, M.; Lavery, L.A.; Gibbons, G. The costs of diabetic foot: The
economic case for the limb salvage team. J. Vasc. Surg. 2010, 52 (Suppl. 3), 17S5-22S.
[CrossRef]

8. Prompers, L.; Schaper, N.; Apelqvist, J.; Edmonds, M.; Jude, E.; Mauricio, D.; Uccioli, L.;
Urbancic, V.; Bakker, K.; Holstein, P.; et al. Prediction of outcome in individuals with
diabetic footulcers: Focus on the differences between individuals with and without peripheral
arterial disease. The EURODIALE Study. Diabetologia 2008, 51, 747—755. [CrossRef]

9. Naves, C.C.L.M. The diabetic foot: A historical overview and gaps in current treatment.
Adv. Wound Care 2016, 5, 191-197. [CrossRef]

10. Schaper, N.C.; van Netten, J.J.; Apelqvist, J.; Bus, S.A.; Hinchliffe, R.J.; Lipsky, B.A.;
IWGDF Editorial Board. Practical Guidelines on the prevention and management of diabetic
foot disease (IWGDF 2019 update). Diabetes Metab. Res. Rev. 2020, 36 (Suppl. 1), €3266.
[CrossRef]

11. Mostow, E.N.; Haraway, G.D.; Dalsing, M.; Hodde, J.P.; King, D.; OASIS Venus Ulcer
Study Group. Effectiveness of an extracellular matrix graft (OASIS Wound Matrix) in the
treatment of chronic leg ulcers: A randomized clinical trial. J. Vasc. Surg. 2005, 41, 837-843.
[CrossRef] [PubMed]



12. Dorweiler, B.; Trinh, T.T.; Diinschede, F.; Vahl, C.F.; Debus, E.S.; Storck, M.; Diener, H.
The marine Omega3 wound matrix for treatment of complicated wounds: A multicenter
experience report. Gefasschirurgie 2018, 23 (Suppl. 2), 46-55. [CrossRef] [PubMed]

13. Armstrong, D.G. The University of Texas Diabetic Foot Classification System Ostomy.
Wound Manag. 1996, 42, 60-61.

14. Edmonds, M.; Lazaro-Martinez, J.L.; Alfayate-Garcia, J.M.; Martini, J.; Petit, J.M.;
Rayman, G.; Lobmann, R.; Uccioli, L.; Sauvadet, A.; Bohbot, S.; et al. Sucrose octasulfate
dressing versus control dressing in patients with neuroischaemic diabetic foot ulcers
(Explorer): An international, multicentre, double-blind, randomised, controlled trial. Lancet
Diabetes Endocrinol. 2018, 6, 186-196. [CrossRef]

15. Clark, R.A. Fibrin and wound healing. Ann. N. Y. Acad. Sci. 2001, 936, 355-367.
[CrossRef]

16. Cook, H.; Davies, K.J.; Harding, K.G.; Thomas, D.W. Defective extracellular matrix
reorganization by chronic wound fibroblasts is associated with alterations in TIMP-1, TIMP-
2, and MMP-2 activity. J. Investig. Dermatol. 2000, 115, 225-233. [CrossRef]

17. Kim, B.C.; Kim, H.T.; Park, S.H.; Cha, J.S.; Yufit, T.; Kim, S.J.; Falanga, V. Fibroblasts
from chronic wounds show altered TGF-beta-signaling and decreased TGF-beta Type Il
receptor expression. J. Cell. Physiol. 2003, 195, 331-336. [CrossRef]

18. Wysocki, A.B.; Staiano-Coico, L.; Grinnell, F. Wound fluid from chronic leg ulcers
contains elevated levels of metalloproteinases MMP-2 and MMP-9. J. Investig. Dermatol.
1993, 101, 64-68. [CrossRef]

19. Wysocki, A.B.; Grinnell, F. Fibronectin profiles in normal and chronic wound fluid. Lab.
Investig. J. Tech. Methods Pathol. 1990,
63, 825-831.

20. Ongenae, K.C.; Phillips, T.J.; Park, H.Y. Level of fibronectin mRNA is markedly
increased in human chronic wounds. Dermatol. Surg. 2000, 26, 447-451. [CrossRef]

21. Uitto, J. The role of elastin and collagen in cutaneous aging: Intrinsic aging versus
photoexposure. J. Drugs Dermatol. JDD 2008, 7 (Suppl. 2), s12—s16. [PubMed]

22. Sheehan, P.; Jones, P.; Caselli, A.; Giurini, J.M.; Veves, A. Percent change in wound area
of diabetic foot ulcers over a 4-week period is a robust predictor of complete healing in a 12-
week prospective trial. Diabetes Care 2003, 26, 1879-1882. [CrossRef] [PubMed]

23. Dyck, P.J.; Kratz, K.M.; Karnes, J.L.; Litchy,W.J.; Klein, R.; Pach, J.M.;Wilson, D.M;
O’Brien, P.C.; Melton, L.J. The prevalence by staged severity of various types of diabetic
neuropathy, retinopathy, and nephropathy in a population-based cohort: The Rochester
Diabetic Neuropathy Study. Neurology 1993, 43, 817-824. [CrossRef]

24. Singh, N.; Armstrong, D.G.; Lipsky, B.A. Preventing foot ulcers in patients with diabetes.
JAMA 2005, 293, 217-228. [CrossRef] [PubMed]



25. Lavery, L.A.; Armstrong, D.G.; Wunderlich, R.P.; Mohler, M.J.; Wendel, C.S.; Lipsky,
B.A. Risk factors for foot infections in individuals with diabetes. Diabetes Care 2006, 29,
1288-1293. [CrossRef] [PubMed]

26. NHS Digital. National Diabetes Foot Care Audit 2014-2017. Available online:
https://digital.nhs.uk/data-and-information/ clinical-audits-and-registries/national-diabetes-
foot-care-audit (accessed on 10 October 2022).

27. Wu, L.; Norman, G.; Dumville, J.C.; O’Meara, S.; Bell-Syer, S.E. Dressings for treating
foot ulcers in people with diabetes: An overview of systematic reviews. Cochrane Database
Syst. Rev. 2015, 2015, CD010471. [CrossRef] [PubMed]


https://digital.nhs.uk/data-and-information/

