REVIEW

DRUGS IN CONTEXT

RIGOROUS « RAPID « RESPONSIVE

A continuous publication, open access, peer-reviewed journal
ACCESS ONLINE

Efficacy and safety of photodynamic therapy with RLP068 for diabetic foot ulcers: a
review of the literature and clinical experience

Felicia Pantd MD’, Liboria Adamo BSc’, Carla Giordano MD’, Carmelo Licciardello MD?

'Section of Endocrinology, Biomedical Department of Internal and Specialist Medicine, University of Palermo, Palermo, Italy; 2Unit of Metabolic and

Abstract

This article is the second part of a literature review concerning
diabetic foot ulcers (DFUs) and the use of antimicrobial
photodynamic therapy (PDT). PDT involves the topical
application of a photosensitiser into the tissue, followed by
illumination that induces the formation of reactive oxygen
species (ROS). PDT provides bacterial inactivation and
promotes wound healing, and it can be used to manage the
infection and microbial colonisation of DFUs. It has pivotal
advantages in comparison with chemotherapeutics, such as
no potential to induce resistance, and a wide spectrum of
activity. Tetracationic Zn(ll) phthalocyanine derivatives have
been developed for PDT. Among these, we would like to focus

Background

Foot ulcers are a prevalent complication of diabetes mellitus
and account for significant morbidity, mortality, and healthcare
expenditures.’? Furthermore, patients living with diabetic

foot ulcers (DFUs) suffer low health-related quality of life,

poor psychosocial adjustment and need frequent healthcare
interactions.?

Management of foot ulcers aims at promoting wound
healing, but ever-present microbial colonisation/infection
often hinders wound healing, thereby increasing morbidity
associated with the ulcer and possibly mortality. The
resistance of bacteria to antibiotics is a growing issue

that could be overcome through the introduction of new
alternative treatments. The efficacy of chemotherapeutic
antibiotics in DFUs is limited, due to the frequent occurrence
of resistance and difficulties with the local delivery of drugs
because of low blood flow. Therefore, infection and microbial
colonisation are two of the main problems to face in the
management of DFUs.
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on RLP068, whose antimicrobial activity has been widely
demonstrated in preclinical studies and in a clinical trial. This
article reports previously published evidence and presents four
unpublished clinical cases of DFUs treated in the real-life setting
with PDT.
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This article is the second part of a literature review concerning
diabetic foot ulcers (DFUs) and the use of antimicrobial
photodynamic therapy (PDT).# This review presents the
rationale for the use of photodynamic therapy (PDT)

in DFUs, taking advantage of its bacterial inactivation
activity (photodynamic antimicrobial chemotherapy) and
promotion of the wound healing process, with a special
focus on a tetracationic Zn(ll) phthalocyanine, RLP068, as a
photosensitiser.>® Recent clinical experience of the authors
with RLP068 is also reported to familiarise readers with this
procedure.

Methods

A narrative review of the literature was written after retrieving
relevant articles in PubMed; the following keywords were used
for searches: diabetic ulcer, diabetes, antimicrobial PDT, and
RLP068. In addition, the authors report four exemplary cases
recently treated following the reported evidence and obtaining
good results, as expected. These case reports are presented to
the reader as tutorial examples.
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Rationale of photodynamic
antimicrobial chemotherapy

PDT is based on the application of a nontoxic dye or
photosensitiser (PS) to the lesion area, that is then exposed

to light. Red or near-infrared light is most often used because
they have a high potential to penetrate tissues. Reactive
oxygen species (ROS) are generated when energy or electrons
are transferred from the light-excited PS to ambient oxygen.
Following ROS production, the increased concentration of
oxidisation kills cells.” This approach was first applied to
tumour cells, and anticancer PDT is currently used in hospitals
and dermatology clinics worldwide - actinic keratosis and
basal cell carcinoma are often treated by PDT.8 The first

report concerning a photodynamic antimicrobial effect was
published in 1900. The inactivation of Paramecium caudatum
was achieved by exposure to the dyes acridine or eosin and
then sunlight. Antimicrobial PDT is increasingly appreciated by
clinicians and health systems because it may provide an answer
to the challenging issues facing local infection management.

The antimicrobial use of PDT is based on the observation that

the cytotoxic action obtained from PS can be selectively directed
against microorganisms, with little or no effect on host cells.
Various chemical structures have been investigated for use in PDT,
and procedures producing effectively selective activity have been
identified. PDT has two main advantages over pharmacological
antibiotic therapy: it does not induce microorganism resistance
and it reduces the need of systemic drugs.’

ROS such as singlet oxygen, superoxide anions, and hydroxyl
radicals act on many different molecules (e.g. proteins, lipids, and
nucleic acids) so that the development of resistance by microbes
is very unlikely.'9" In addition, the agent is not necessarily
internalised by the cell to kill it; so, another resistance mechanism
is skipped.? This mechanism of action neither selects for
photo-antimicrobial resistance nor does it alter sensitivity to
conventional antibacterial drugs, which makes it possible to use
PDT as an add-on to the pharmacologic antibiotic treatment.'3

Photo-antimicrobials act on many targets: Gram-positive and
Gram-negative bacteria, fungi, viruses, and protozoa, and this
may facilitate empirical use. The killing effects are rapid, whilst
conventional antibiotics may require long periods of time to
become effective.”

Moreover, photo-antimicrobial action degrades and oxidises
factors such as protein toxins, proteases, a-haemolysin,
sphingomyelinase, and lipopolysaccharide.”®

Several PS have been investigated. Typically, porphyrins-7,8
and phthalocyanines have been shown to photosensitise when
irradiated with visible light, a variety of microbial pathogens
including Gram-positive and Gram-negative bacteria, fungi,
yeasts, and mycoplasmas.'

A widespread clinical application of PDT obviously requires that
the photocytotoxic action against microbial cells takes place

with minimal damage to the host tissues. In fact, photoactivated
porphyrin derivatives promote the efficient inactivation

of mammalian cells both in vitro and in vivo.!” Therefore, it
appears necessary to define phototherapeutic protocols and
to produce photosensitisers which lead to an extensive and
highly preferential decrease in the survival of microbial cells.
The study of relationships between the chemical structure
and the antimicrobial photoactivity of phthalocyanines has
identified a restricted number of molecules which exhibit a
very high photosensitising efficiency against both wild and
antibiotic-resistant strains of bacteria and yeasts, with lower
selectivity for fibroblasts and keratinocytes (i.e. amongst the
main constituents of host tissues, such as skin and mucosa).'®

MRSA inactivation

Staphylococcus aureus is the most important representative
of the staphylococcal group which causes clinically relevant
infections within immunocompetent patients, and methicillin-
resistant S. aureus (MRSA) remains one of the most prevalent
multidrug-resistant organisms causing healthcare-associated
infections.'” Staphylococcal infections have been associated
with key multidrug resistance phenotypes due to the
possession or acquisition of unique antibiotic resistance

and virulence traits that are generally attributed to a variety
of mobile genetic elements (MGE) as well as chromosomal
determinants.'®

MRSA growth was inhibited in an in vitro study by PDT. A
15-minute exposure to a 632.8 nm HeNe laser in the presence
of 50 pg/mL toluidine blue O as a PS completely eradicated
MRSA.”® In addition, 16 epidemic MRSA strains could be
inactivated by PDT with a light-activated antimicrobial agent,
aluminium disulfonated phthalocyanine (AIPcS2).2°

It was also demonstrated that depending on the PS used
the same bacterial isolate could be categorised as highly
resistant or highly sensitive to PDT. Additionally, the same PS
could totally eradicate some bacterial strains and could be
noneffective in the case of other strains.'®

A single treatment of antimicrobial PDT with RLP068 was
effective on infection induced with MRSA in a mouse model of
a surgical wound. On day 2 from infection, a strong reduction
of bacterial counts (about 3 logs) was observed in mice
treated with tetracationic Zn(ll) phthalocyanine derivative

in comparison with infected untreated mice. On day 9 from
infection, reduction of bacterial counts was about 2 logs in
mice treated with RLP068.6

PDT efficacy on wound healing
process

A systematic review of the literature demonstrated that PDT
contributes in several ways to the wound healing process
leading to cellular death, reducing or increasing inflammation,
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stimulating fibroblasts proliferation (and consequently,
collagen and elastin deposition), and raising transforming
growth factor beta and metalloproteinases.?'

In a mouse model, histological examinations of

wounds infected with MRSA and treated by PDT

with RLP068 showed, on day 9, in addition to reduced
infection, a complete re-epithelialisation with a continuous
epithelial lining.°

Clinical studies on PDT for
colonised or infected diabetic foot
ulcers

Few clinical studies or case reports on the use of PDT in

wound healing and treatment of DFUs have been published,
despite the high number of experimental studies. A

systematic review of the literature on the treatment of DFUs
with PDT was performed. It included eight randomised trials
(with 316 participants) and suggested that phototherapy

when compared to no phototherapy/placebo, may

increase the proportion of wounds completely healed during
follow-up and may reduce wound size in people with diabetes,
but there was no evidence that phototherapy improved quality
of life.??

A phase lla randomised, blinded, placebo-controlled study
evaluated the efficacy of antimicrobial PDT in 16 patients
with chronic leg ulcers colonised by bacteria and in 16
subjects with DFU, and demonstrated that bacterial load was
reduced after PDT; in addition, a trend towards accelerated
wound healing was observed.?? At baseline, all patients had
ulcer duration >3 months, and bacterially colonised ulcers
with >1x10% colony-forming units/cm?. A phenothiazinium
derivative or placebo was applied topically to wounds for

15 minutes, followed immediately by 50 J/cm? of red light.
Treatment was well tolerated with no reports of pain or
other safety issues. In contrast to placebo, patients on active
treatment showed a reduction in bacterial load immediately
post-treatment (p<0.001). After 3 months, 50% (4/8) of
patients with actively treated chronic leg ulcers showed
complete healing, compared with 12% (1/8) of patients on
placebo.??

The effect of repeated applications of PDT with RLP068,
twice or thrice a week, on bacterial load and ulcer healing
was investigated in a series of 64 patients with diabetes

who had infected DFUs. Patients were treated according to
clinical practice, and samples for bacteriological culture were
collected before the first application, 1 hour after the first
application, and 14 days after treatment initiation (samples
were not collected at the end of treatment for 9 patients).
Bacterial load decreased significantly after a single PDT
treatment with RLP068 and the benefit persisted for 2 weeks,
both in patients who received PDT twice a week and in those

who received it three times a week. The ulcer area showed a
significant reduction during follow-up, even in patients with
ulcers infected with Gram-negative bacteria or with exposed
bone.?*

These results are in agreement with a recently published
pilot study of RLP068 PDT for infected venous ulcers of
different pathophysiology amongst 36 patients with
diabetes.?> Two sessions of RLP068 PDT were performed
without systemic or topical antibiotic treatment. After
the second PDT session, bacterial swab results were
negative in all but two ulcers.?

Case series

Based on previously published evidence, the authors of

this article treated some patients with DFUs using PDT; four
exemplary cases are reported here, showing that results in the
real-life setting agreed with those obtained in the clinical study
by Mannucci and colleagues.?®

In this experience with patients affected by DFUs, the
photosensitiser RLP068 (VULNOFAST plus; Molteni
Therapeutics S.R.L., Italy) was used for PDT. Two applications/
week were performed, according to the manufacturer’s
instructions. RLP068 is a tetracationic Zn(ll) phthalocyanine
derivative that has been developed for PDT and is actually
indicated for the treatment of ulcers and skin wounds. RLP068-
PDT efficacy was evaluated in vitro on S. aureus, Pseudomonas
aeruginosa, and Candida albicans, and more than 3 log,,

for all microbial strains were killed.> After PDT with RLP068
bacteria were killed and regrowth was inhibited, resulting

in significantly accelerated wound healing, in a mouse skin
abrasion model. Infection with MRSA was reduced by 2.9 log
units, as measured in terms of bioluminescence. Bacterial
regrowth after PDT with RLP068 was fourfold lower than in
the control group, and bioluminescence (infection) was not
detectable after 3 days.?’

In each of the cases, a single dose of RLP068 was

applied using a sterile syringe on the wound, which was
covered with a Tegaderm™ patch and a nontransparent
bandage. Thirty minutes after the application, the ulcer was
illuminated for 8 minutes by a portable LED light device
(VULNOLIGHT, Molteni Therapeutics S.R.L., Italy) with a red
light at 630 nm wavelength, providing a total energy of 60
J/cm?. The ulcer was then washed with a saline solution to
remove the residues of the photosensitiser and covered with a
dressing.

Patients were chosen based on clinical evaluation, as
eligible to gain benefit from the treatment. In accordance
with the World Medical Association Declaration of Helsinki,
all the data referring to the patients are published in an
anonymous way, without any details allowing the re-
identification of the patient.
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Figure 1. Antimicrobial PDT with RLP068, in
addition to levofloxacin. (A) Patient
condition at the beginning of treatment.
(B) Patient condition after 16 applications
of RLP068-PDT.

Figure 2. Antimicrobial PDT with RLP068, in
addition to amoxicillin/clavulanic acid.
(A) Patient condition before treatments.
(B) Patient condition after 16 applications
of RLP068-PDT.

Casereport 1

A 61-year-old male, affected with type 2 diabetes mellitus for
20 years, was treated with oral antidiabetics and insulin, but
metabolic control was not reached (HbA1c=7.9%). He had the
second and distal phalanges of the third toe and all phalanges
of the fourth toe of the left foot amputated because of ulcers.
At presentation, pes cavus and flicking first toe were observed
on both feet; in addition, hyperkeratosis, onychomycosis,

and nail hypertrophy were present. Walking function was
reduced, and the patient needed orthotics and special

shoes. The Winsor index was calculated, and the presence of
neuropathy was assessed. An ulcer was observed in the last
phalanx of the second toe of left foot, with bone exposition.
Pus was present, and the bacteriological examination of the
lesion found levofloxacin-susceptible S. aureus infection. An
Rx examination, joined to the clinical observation, ruled out
the presence of osteomyelitis. The ulcer was scored as Texas
grade 2, B stage. Levofloxacin 500 mg/day was initiated, with
debridement, and the antidiabetic therapy was changed to
improve glycaemic control. Nevertheless, the ulcer condition
was not changed after 2 weeks. Exudate and bone exposure
persisted (Figure TA). Antimicrobial PDT was initiated with
RLP068, in addition to levofloxacin, to prevent the risk of
further amputation. Granulation tissue was present in the ulcer
after five applications of PDT. Ulcer size was reduced by 50%
after seven applications; oedema was reduced, granulation
was increased, and bone exposition was no longer evident. The
ulcer was cured in 2.5 months, with 16 applications of RLP068-
PDT (Figure 1B).

Case report 2

A 63-year-old man had been affected with type 2 diabetes
mellitus for 10 years, was receiving oral antidiabetics and a

GLP-1 analogue at the time of presentation. His glycaemic
metabolism was controlled (HbA1c=6.9%). An ulcer was present
on the lateral aspect of the right foot, within a hyperkeratotic
area. The ulcer was graded Texas 1, B stage (Figure 2A). The
Winsor index was within normal values; sensory neuropathy
was detected. Surgical debridement was performed,

after a bacteriological examination that showed infection

with Klebsiella pneumoniae. Due to this serious infection,
ciprofloxacin 500 mg twice/day was initiated, with antimicrobial
RLP068-PDT. The antibiotic was changed into amoxicillin +
clavulanic acid 1 g twice/day, due to intolerance. Improvement
of the ulcer, with the presence of granulation tissue was
observed after 10 PDT applications. The ulcer was cured after 16
applications (Figure 2B). An orthotic was adopted to obtain the
offloading of the cured area.

Case report 3

A 78-year-old male patient was affected by type 2 diabetes.
He received insulin and the glycaemic metabolism was
controlled. In April 2018, an ulcer of the lateral malleolus and

a second ulcer at the metatarsophalangeal joint of the right
foot occurred. An echocolordoppler of lower limbs showed
stenosis of anterior and posterior tibial arteries of the right leg.
Percutaneous transluminal angioplasty of two tibial arteries
was performed in May 2018. The ulcers persisted in November
2018 and were classified at grade 1B according to Texas Wound
Classification (Figure 3A). A bacteriological examination found
the presence of P. aeruginosa, and antimicrobial treatment was
initiated. The patient received ceftriaxone and RLP068-PDT.
After eight PDT applications, granulation tissue was apparent
in the ulcers (Figure 3B). Ten days after the antimicrobial
treatment, the bacteriological examination was negative and
the ulcer size was reduced (Figure 3Q)
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Figure 3. Antimicrobial PDT with RLP068, in addition to ceftriaxone. (A) Patient condition before treatments.
Patient condition after 8 (B) and 16 (C) applications of RLP068-PDT.

Figure 4. Antimicrobial PDT with RLP068, in addition to amokxicillin/clavulanic acid. (A) Patient condition before
treatments. Patient condition after 4 (B) and 16 (C) applications of RLP068-PDT.

Casereport 4

A 55-year old female, obese (BMI 47.2), was affected by
blood hypertension, mixed type dyslipidaemia, and type

2 diabetes (treated with metformin). She had undergone
bilateral stripping of the saphenous vein some years before.
An ulcer of the dorsum of the left foot had been present

for a month. An echocolordoppler of lower limbs found no
signs of stenosis. At presentation, the ulcer was classified as
grade IIB according to Texas Wound Classification (Figure
4A). The patient reported serious pain. The bacteriological
examination showed an infection with amoxicillin +
clavulanic acid-sensitive S. aureus. Antimicrobial treatment
with the combination of antibiotics + RLP068-PDT was
performed twice a week for 2 weeks (Figure 4B). One month

after the therapy, the bacteriological examination was
negative and the ulcer diameters were reduced (Figure 4C).
Pain was improved.

Conclusions

PDT is an established procedure as an antitumour treatment,
and its antimicrobial efficacy has also been widely assessed

by experimental studies. Antimicrobial PDT has pivotal
advantages in comparison with chemotherapeutics, such as no
potential to induce resistance, and a wide spectrum of activity
extended to saprophytes, pathogen bacteria, yeasts, viruses,
and protozoa. RLP068-PDT has been observed to reduce

the microbial load in DFUs and has shown a trend towards
accelerated wound healing. The clinical experience of the
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authors, as shown by the four exemplary cases reported here, is start immediately after the first application and persist in the
in agreement with previously published findings and supports following weeks. Wound healing improvement is evident

the use of RLP068-PDT as an add-on to antibiotic therapy. after eight applications and further improvements, even up to
This procedure helped to prevent resistance, accelerated complete healing, were observed in long-term follow-up. The
infection eradication, and promoted ulcer healing. Experience authors propose this treatment to improve DFU management
showed that antimicrobial effects of PDT with RLP068-PDT in serious cases.
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