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Novel Photodynamic Therapy Does Not Prevent New Skin
Cancers—Randomized Controlled Trial

ANTHONY J. DixoN, PHD, MBBS,* STUART J. ANDERsON, MBBS," Jason D. Mazzurco, DO, MS,*
AND Howarp K. STEINMAN, MD?

OBJECTIVES To determine whether field photodynamic therapy (PDT) of actinic keratoses using a novel
preparation of 5-aminolevulonic acid (novel ALA) results in fewer subsequent invasive skin cancers
developing on the face of individuals with previous facial cutaneous malignancy in a prospective randomized
controlled trial.

METHODS AND MATERIALS Intervention patients received two treatments of novel ALA 2 weeks apart.
Controls were observed. Patients were followed up with biopsy of any suspicious lesions for 3 years.

RESULTS The trial was suspended early because of problems with trial governance and the reporting of
severe adverse events. Sixty-four patients who were recruited at that time at one center were monitored. Their
average age was 71, and 57% were male. Patients were randomized to intervention (n = 34) or observation
(n=29). Over the subsequent 3 years, 13 intervention patients (38%) developed 30 new cutaneous
malignancies in the field treated, and 11 control patients (38%) developed 22 new malignancies. Some
intervention patients experienced prolonged adverse events, including permanent scarring.

CONCLUSION Novel ALA made no difference in the likelihood of new malignancies developing. The risks
without benefit of this novel ALA are troubling. Lack of efficacy and safety of novel ALA cannot be extrapolated
to other PDT products.

Family interests of author AD have shares in the sponsoring company. This holding has and is being managed
independently with all profits (if any) directed to independent medical research and all other authors have
indicated no significant interest with commercial supporters.

hotodynamic therapy (PDT) has become an
established option in the management of actinic
keratoses (AKs), with many studies demonstrating a
reduction in lesion count after treatment.'® Efficacy
in individuals with transplantation has
also been demonstrated.”

Experience with PDT to manage skin disease
pertains predominantly to two active ingredients,
methyl aminolevulinate (MAL) and 5-aminolevu-
linate (ALA). These similar ingredients are intracel-
lularly converted to protoporphyrin IX, which is

light sensitive and essential to the mechanism of
action. The product is applied to the affected skin,
followed by an incubation period, and then a light
source is applied. Active ALA has been demon-
strated to be more effective than vehicle control.®
The active ingredient can be illuminated using
proprietary lights. Illumination has also proved
effective with daylight to activate MAL®!°

and other light sources.'*

The research supporting usage of topical PDT
treatment to manage AKs pertains essentially to
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MAL (Metvix and Metvixia; Galderma, Lausanne,
Switzerland) and ALA (Levulan; DUSA, Wilming-
ton, MA). The two products appear to have broadly
similar efficacy.®'%'® Other PDT preparations have
been studied infrequently.'”>'® The Australian
Therapeutic Goods Administration (TGA) has
approved Metvix cream. The TGA is the Australian
equivalent to the U.S. Food and Drug Administra-
tion (FDA). The FDA has approved Levulan
(US-ALA) and Metvixia (US-MAL). US-MAL is
available in a cream form and was not yet approved
for use in the United States at the time of the study.
US-ALA has a complex and expensive delivery
system that involves two breakable chambers con-
taining the active ingredients that are crushed in a
tube to allow the ingredients to mix immediately
before application.

In 2008, Allmedic Pty Ltd (Taren Point, NSW,
Australia) advised that they were marketing and
selling a novel preparation of ALA along with a
lower-intensity light specifically for the management
of AKs. Unlike with Levulan, the sponsor claimed
that this delivery system was premixed and simple,
with a long shelf life.

Most studies of PDT for AKs have assessed
outcomes in terms of a reduction in lesion count or
cosmetic appearance.'”?° It is unclear whether a
reduction in lesion count leads to a reduction in
invasive skin malignancies. In general, the preven-
tion of new skin cancers has not been evaluated,
although de Graaf demonstrated in a randomized
controlled trial that PDT did not prevent subse-
quent squamous cell carcinomas (SCCs) in trans-
plantation patients.?’ Apalla demonstrated that
PDT delayed the return of actinic damage in a
12-month follow-up study.?* A delay in the
return of AKs may not translate into fewer
subsequent malignancies.

Methods

The product sponsor, who provided the commer-
cially available ALA preparation and light source,
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approved a prospective randomized controlled trial
protocol. The study was designed as a postmarketing
study to investigate the incidence of new skin
cancers after treatment with the trial of ALA.

The protocol received approval from the Bond
University Human Research Ethics Committee in
accordance with the TGA Clinical Trial Notification
(CTN) Scheme. The trial was registered
(12609000025235) on the Australian New Zealand
Clinical Trials Registry, where full methodology
details are available. The primary trial sponsor
was Allmedic Pty Ltd.

In January 2009, the trial started recruitment at
multiple treatment centers in Australia. Patients
were randomized into two groups: management
with trial ALA or observation. Randomization
involved the treatment centers submitting an online
form to a site interstate. A random number
generator applied a code to each patient. The code
determined randomization status and results were
e-mailed to the trial center.

Inclusion Criteria

Patients who had one or more histologically proven
invasive facial skin cancers that had been surgically
removed with proven histologic clearance were
offered enrollment in this trial. Degree of back-
ground facial actinic damage was not a criterion for
enrollment. The risk factor for future face skin
cancers common to all trial participants was
previous skin cancer on the face rather than a
specific level of actinic damage. Minors and those
unwilling or unable to understand and consent to the
protocol were excluded. Immunosuppressed patients
were also excluded.

The intervention protocol involved two PDT treat-
ments 14 days apart. Patients were provided with a
10% alpha hydroxy acid solution to reduce thick-
ened hyperkeratoses that was to be used twice daily
for 2 weeks before PDT. A test dose of trial ALA
(20% ALA solution) was applied to a small area of
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skin off the face. If there was no apparent short-term
adverse reaction at the test site, the trial ALA was
applied to the whole face (except for eyelids and
near mucosal surfaces), followed by a 5-hour incu-
bation period during which exposure of light to the
face was avoided. The border of the face was defined
as the hairline superiorly, anterior to the tragus
laterally, and the lower margin of the

mandible inferiorly.

The patient was then exposed to a 30-minute
illumination with the PDT light source provided by
the sponsor (blue LED light at 465 nm, 48 J/cm?
for 20 minutes and then red LED light at 625 nm,
64 J/cm? for 10 minutes). The sponsor advised that
the efficacy and safety of their trial ALA had been
optimized with this light source. They advised that
a combination of blue and red lights was designed
to allow for two levels of penetration of the skin.
Incubation involved the liquid being massaged into
each side of face to provide a thin, uniform cover.
Before illumination, the face was washed with
warm water and dried. During illumination, the
eyes and eyelids of the patient were shielded from
the light source. Each patient had an attendant
present at all times during illumination. A fan to
reduce burning sensation was provided as required.
The treatment was paused if the patient

requested and discontinued if the patient found

it to be intolerable.

After treatment, the patient was given extensive
advice regarding minimizing sun exposure and
analgesia. They were encouraged to remain indoors
in a darkened room for the initial day and were
provided with a sunscreen to apply when outside
before and after treatment. All patients had sched-
uled appointments every 6 months for at least

2 years after randomization. Patients were advised
to request additional appointments if they had
concerns requiring attention. At follow-up, any face
lesion suspected of being malignant was biopsied.
All lesions were photographed. Any lesion that
proved malignant on biopsy was then widely excised
with clear histologic margins confirmed. Only new
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skin cancers within the area of face treated, as
defined, were included in the trial data.

Assessors were not blinded. The medical staff who
implemented the PDT were also the staff who
monitored the patients. Intervention patients were to
be offered the option of undergoing PDT free of
charge once the trial was completed.

Statistical Analysis

Primary analysis was conducted on an inten-
tion-to-treat (ITT) basis, and a per-protocol analysis
was conducted for sensitivity. Patient characteristics
and differences between groups were assessed using
analysis of variance using a Tukey post hoc analysis,
the Kruskal-Wallis H test, and the chi-square test as
appropriate. All critical outcome incidences were
analyzed using the chi-square test, and PDT
intervention was compared with control using
two-by-two tables.

Results

Shortly after study-patient treatment was com-
menced, several problems were encountered
regarding trial governance. The trial was suspended
in March 2009 after discussions with investigators
and the ethics committee, and the sponsor formally
stopped it in June 2009. Although the initial
protocol planned for recruitment of 500 patients, no
further recruitment occurred after trial suspension.
Nearly half of all recruited patients had been
recruited at one trial center, with 63 patients
recruited before suspension of the trial. Thirty-four
of these patients were randomized to intervention,
and 29 were control patients. After suspension of the
multicenter trial, 63 patients were monitored for the
development of new cancers on the face. Six patients
treated with PDT developed severe and prolonged
pain. After treatment, their pain continued for up to
5 weeks and longer. Permanent scarring was
reported in three treated patients. The adverse
effects that these patients described—including pain,
extreme photosensitivity, severe crusting, blistering,



and peeling—were more severe and prolonged than
in any cases treated with the US-ALA in the
experience of two of the authors (JM and HS). Seven
intervention patients declined to have PDT (and did
not develop any further skin cancers on the face).
The trial safety committee was conscious of the
promise made to observation patients that they
would be offered PDT once the trial was complete.
As such, observation patients were offered PDT after
trial suspension and were counseled regarding the
troubling adverse events observed. Seven control
patients chose to have PDT following suspension of
the trial. One of these patients suffered severe and
prolonged pain following PDT. He later developed
an invasive SCC on the face.

The average age of the 63 patients was 71, with no
significant difference between intervention (average
70) and control (average 72) patients.
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Of the recruited patients, 57% were male, with no
significant difference in sex between intervention
(56% male) and patients (58% male) control. None
of the patients had previously been treated with
PDT. There was no statistically significant difference
in numbers of past skin cancers or background face
actinic damage between intervention and control
patients. Two patients had diabetes, one in each arm
of the trial. All patients signed an ethics committee—
approved written consent form before their
involvement in the trial (Figure 1).

Patients were followed for an average of 34 months.
The longest follow-up period was 38 months, and
the shortest was 13 months. Two patients were lost
to follow-up. Three patients died from unrelated
events during the follow-up period but were fol-
lowed for periods of 13, 18, and 24 months. Two
other patients (both intervention) were not followed

63 patients assessed for eligibility. Each had at least one face skin cancer previously
surgically excised from the face with histology clearance confirmed

No exclusions through

immunosuppression, age,
previous PDT or other eligibility

Mean age =71

63 patients randomized

57% male

34 patients randomized to intervention.
Mean age = 70 56% male 1 diabetic

7 patients declined to have PDT

29 patients randomized to observation.
Mean age = 72 58% male 1 diabetic

7 patients had PDT following trial suspension

Two intervention patients follow
up only 14 & 16 months

Two observation patients
lost to follow up

One patient died of unrelated cause 18
months after PDT. This patient developed a
facial skin cancer

Two patients died of unrelated cause 13 &
24 months after enrolling. Both patients
developed facial skin cancers

31 patients follow up for at least 33 months

| 25 patients follow up for at least 33 months

13 patients including deceased patient
developed 30 facial skin cancers

11 patients including 2 deceased patients
developed 22 facial skin cancers

Figure 1. Patient flow diagram.
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for at least 33 months. These two patients were
followed for 14 and 16 months and then were lost
to follow-up.

Fifty-two new cutaneous malignancies developed on
the faces of 24 trial patients (38%). One control
patient reported three face malignancies treated
elsewhere, but the details could not be obtained. The
remaining 49 malignancies reported in trial patients
were all managed at the trial center. All 49 tumors
were treated with surgical excision, and clear mar-
gins were obtained in each case. All patients in both
arms of the trial who had had three or more skin
cancers on the face before enrollment developed
more face skin cancers during the trial period.

Two melanoma in situ of lentigo maligna type
(MIS) developed in a single intervention patient
and were documented, photographed, and
managed at 12-month review (Figure 2). The
remaining tumors consisted of 26 SCCs, including
three SCC in situ. There were 21 basal cell
carcinomas (BCCs), one of which was a superficial
BCC. The remaining BCCs were of the nodular
or infiltrating type.

Intervention Patients

Using ITT analysis, 13 of the 34 intervention
patients (38%) developed 30 new malignancies on
the face (2 MIS, 13 SCC, 15 BCC).

Figure 2. Photograph of the lower left cheek and mandible
region of an intervention patient 12 months after photody-
namic therapy. Two foci of melanoma in situ were identi-
fied. Each was subsequently surgically excised with clear
margins.
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Observation Patients

Using ITT analysis, 11 of the 29 observation patients
(38%) developed 22 new malignancies (13 SCC,

6 BCC). There were also three reported malignan-
cies treated elsewhere.

There was no significant difference between study
groups in numbers of patients who developed new
malignancies (relative risk (RR) = 1.00, 95% confi-
dence interval (CI) = 0.52-1.94, p = .98). There
was also no significant difference between
intervention and observation patients in tumor
burden in terms of total numbers of new cancers
developed (p = .71).

Per-protocol Outcomes

Of the 34 patients who were treated with PDT
(including seven patients randomized to observa-
tion), 31 malignancies developed on 14 patients
(41%). This is similar to the 29 patients who did not
have PDT (including seven patients randomized to
intervention). In this group, 21 new malignancies
were recorded in 10 patients (34%) (RR = 1.20,
95%

CI = 0.60-2.5, p = .58).

To determine whether there was early improvement
after PDT that dissipated over 3 years, a Kaplan—
Meier curve was developed to compare face cancer
free survival over time (Figure 3). At no stage after
trial enrollment were there significantly fewer skin
cancers in the PDT group.

Although the trial was stopped early, the data
collected did not indicate that PDT therapy reduced
the risk of developing malignancy after therapy.

Discussion

Substantial improvements in AK count and cosmetic
appearance have repeatedly been reported to occur
after PDT to the face,*®'”?% although this may
not translate into a reduction in the future risk

of developing new cutaneous malignancies.



o089

0.8

Proportion free of new facial skin cancer

0.0

T T T T T
oo 10.00 20.00 30 00 4000 5000

Meonths after randemization

Figure 3. Kaplan-Meier curve. Face tumor—free survival in
patients treated with photodynamic therapy versus control

group.

A reduction in new malignancies was not found
when organ transplant recipients received PDT in a
randomized controlled trial.?!

Our data suggest that the broader community may
not experience a reduction in cancer risk when the
face is treated with this trial PDT. Even the promise
of cosmetic improvement with this product is
questionable because outcomes that include scarring
cannot be regarded as acceptable. These outcomes
cannot be extrapolated to other formulations of
PDT, especially because other preparations have not
resulted in the adverse events noted with this
product. We are unaware of any previous reports
of permanent scarring after the use of other

PDT products.

Investigating doctors were advised that the study
product that the sponsoring company provided and
that Australian doctors used commercially was an
established and approved ALA-PDT therapy. This
trial was an aftermarket study to investigate the
potential for reduction in new skin cancers. When
the severe adverse events were reported, the spon-
soring company was asked to provide further details
of the efficacy and safety of their novel ALA. No
data were supplied, and the sponsor has declined to
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communicate further with the investigators. A liter-
ature search in February 2013 failed to identify any
published data, including efficacy and safety data,
on this novel ALA. It is not known whether the
sponsor had data that they did not release for
commercial in-confidence reasons. We were unable
to identify this novel product as being approved for
marketing by the TGA. The TGA regulates products
that claim a therapeutic benefit. If a company makes
no direct therapeutic claims regarding its products,
then it need not seek TGA approval. There is the
potential for “independent experts” to promote
therapeutic benefits of a product without the com-
pany directly making such claims. We were unable
to identify any other regulatory approval of this
novel ALA product. We recommend that investiga-
tors seek confirmation of regulatory approval of
products before subjecting them to clinical trials of
this type. In retrospect, we wish we had done so. The
adverse events recorded in this trial were reported to
the TGA. Despite this, the product was still being
offered for sale in May 2013.

The novel ALA used in this trial has resulted in
greater adverse events than the ALA products that
the FDA has approved. Bioequivalence cannot be
presumed. This may be because of different
delivery system whereby the manufacturer per-
forms final mixing of the ingredients rather than
the physician just before application. The known
stability risks of ALA may be stretched with this
production process.

The apparent ineffective outcomes with regard to
preventing new skin cancers demonstrated in our
study with this ALA may not reflect the potential for
other PDT treatments to reduce cancer risk. There is
inadequate evidence of this product’s safety and
efficacy in the public domain. After trial closure, the
trial safety committee was aware of their responsi-
bilities to continue to monitor patients. The safety
committee also needed to ensure any safety and
efficacy concerns that might continue to occur with
these former trial patients was recorded and made
available in the public domain.
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The planned protocol was to include 500 patients
and was powered on such a basis. Because the trial
was suspended early, the numbers recruited were
less than intended, and the power of our data is
therefore limited. A larger study would be required
to confirm these findings.

Conclusion

This novel PDT therapy raises several safety
concerns. It has not provided any suggestion of a
reduction in the future cutaneous malignancy risk on
trial patients. Adverse events that treated patients
reported were at times more prolonged and severe
than previously reported with PDT to the face.
Permanent scarring has occurred.

The adverse events, together with questionable efficacy
in reducing the future burden of skin cancer, raises
questions as to why people would be offered this
product. We are concerned that Australians and New
Zealanders may be exposed to potential harm from a
product not adequately evaluated and regulated, and
we believe the product should be withdrawn until such
time as these safety concerns are addressed.

The lack of efficacy and prominent adverse events
reported with this product should not be extrapo-
lated to other rigorously tested and approved PDT
products, but the efficacy of other PDT therapy in
reducing subsequent cancer risk is not established;
and therefore, the risk-to-benefit ratio needs to be
evaluated carefully before any PDT therapy is used
for cancer prevention. Cancer risk reduction cannot
be presumed when any PDT is used to manage
actinic damage to the face.
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