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Sustained resolution of nonmelanoma skin
cancer with photodynamic therapy using 10%

5-aminolevulinic acid hydrochloride gel: A

retrospective case series

Angela Moore, MD,a,b,c,d,e Kara Hurley, BSA,e Stephen Moore,a,b and Luke Moorea,b
Key words: clinical research; general dermatology; medical dermatology; nonmelanoma skin cancer;
photodynamic therapy.
Abbreviations used:

ALA: 5-aminolevulinic acid
BCC: basal cell carcinoma
MAL: methyl aminolevulinate
NMSC: nonmelanoma skin cancer
PDT: photodynamic therapy
PpIX: protoporphyrin IX
SCC: squamous cell carcinoma
SCCIS: SCC in situ
INTRODUCTION
Treatment options for nonmelanoma skin cancer

(NMSC) such as basal cell carcinoma (BCC), squa-
mous cell carcinoma (SCC), and SCC in situ (SCCIS)
include excision, Mohs, curettage and electrodessi-
cation, topical treatments, and radiation therapy.
Some patients with NMSC refuse surgical interven-
tion or are poor surgical candidates. Topical agents,
which are often complicated by poor compliance,
can have limited effectiveness, especially in SCC.

Photodynamic therapy (PDT) is a noninvasive
treatment used for actinic keratoses (AKs) that in-
volves application of a photosensitizing agent fol-
lowed by illumination with a light source to activate
the photosensitizing agent. The photosynthesizing
agents used in PDT are derivatives of porphyrins,
which are large, conjugated molecules capable of
efficiently absorbing visible wavelengths of light.
Common photosensitizers used for AKs include the
prodrugs 5-aminolevulinic acid (ALA) and methyl
aminolevulinate (MAL). After uptake of ALA or MAL
by AKs, with subsequent conversion of the photo-
sensitizer to protoporphyrin IX (PpIX), illumination
activates PpIX, causes aerobic formation of reactive
oxygen species, and ultimately results in apoptosis
and necrosis. PpIX has maximum absorption at the
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blue light region while red light provides maximal
tissue penetration.1,2

PDT with photosensitization using 10% ALA gel
was approved by the Food and Drug Administration
in 1999 for the treatment of AK in field-directed
treatment areas measuring 20 cm2 or smaller.3 A
meta-analysis of 25 studies investigating 10 treatment
modalities for AKs showed PDT with ALA to be the
most effective treatment based on clearance
12 weeks after treatment.4 The use of PDT in NMSC
has been documented in the literature.5 To our
knowledge, sparse data exist regarding recurrence
of the NMSC. This retrospective case series demon-
strates sustained eradication of 10 NMSC lesions
using blue light PDT with 10% ALA gel with no
evidence of recurrence after 5 years.
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Table I. Patient demographics and clinical data

Case Age Sex

Pathology-confirmed

diagnosis Location

Thickness

(mm)

Failed

treatments

Incubation

time (min)

Number of

treatments

1 74 M SCCIS Right cheek - none 90, 90 2
2 70 M SCCIS Left ear - imiquimod 3.75% cream 60, 60 2
3 76 M SCCIS Right neck - none 90 1
4 69 M SCC Left ear 6 none 90, 90 2
5 87 F SCC Left upper chest 9 none 90, 90 2
6 70 M SCC R cheek 4 none 60, 60 2
7 76 M SCC Right crown 0.8 none 90, 90 2
8 71 F sBCC Right jaw - none 60, 60 2
9 78 M nBCC Right ear 4 none 90 1
10 74 M nBCC Nose 3 imiquimod 3.75% cream 60, 90, 60, 60 4
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We identified 10 patients in the months of April

and May of 2018 who were treated with PDT for
NMSC of the face, scalp, neck, and chest and had
5-years follow-up data as of February 2023. All
patients who met this criterion were included. Of
the 10 patients, 8 were male and 2 were female. Ages
ranged from 69- to 87-years-old (M = 75, SD = 5.3).
Lesions consisted of 2 nodular BCCs (nBCC), 1
superficial BCC (sBCC), 4 well-differentiated SCCs,
and 3 SCCISs. Two patients were treated prior with
imiquimod 3.75% cream, which failed to decrease
the diameter and nodularity of the lesions. Patient
demographics are represented in Table I.

NMSC lesions were degreased with acetone in all
patients and then debridement was performed prior
to application of 10% ALA gel. The skin cancer
lesions were incubated with 10% ALA gel for 60 to
90 minutes with plastic wrap occlusion (Table I).
Patients were instructed to stay within the building
but could walk around inside the covered atrium or
office building during their incubation period.
Illumination was performed with 10 J/cm2 blue light
(417 nm blue light for a duration of 16 minutes and
40 s) (DUSA Pharmaceuticals, Inc). Immediately after
treatment, patients were instructed to follow a post-
treatment regimen. Specifically, patients were re-
quested to apply both physical sunscreen with[10%
zinc oxide and healing creams containing zinc and/
or hyaluronic acid every 2 hours during waking
hours for 48 to 96 hours following PDT treatment.
Patients were also instructed to avoid prolonged
sunlight and tanning beds for 48 hours after PDT.
Patients were evaluated at clinical follow up within
2-4 weeks of PDT. If residual cancer existed, another
PDT session was recommended in the next month.
At follow up, patients were also evaluated for
patient-reported symptoms of discomfort and
clinician-confirmed signs of skin irritation.
The number of treatments required for clinical
resolution ranged from 1 to 4 sessions (M = 2,
SD = 0.82) (Table I). Of the 5 NMSC lesions on the
face (cheek, jaw, and nose), an average of 2.4
sessions were required for resolution with a range
of 2 to 4. The 4 NMSC lesions on the face that were
incubated for 60 minutes required an average of 2.5
sessions. The 1 SCC of the scalp required 2 sessions
for resolution. The SCCIS of the neck required 1
session and the SCC of the chest required 2 sessions.
Of the lesions on the ear, an average of 1.5 sessions
were required ranging from 1 to 2. None of the
patients reported any irritation or adverse events and
were compliant with the post-treatment instructions.
No evidence of recurrence has been observed in the
past 5 years.

DISCUSSION
The mechanism of PDT includes preferential

absorption of the photosensitizer by malignant or
premalignant cells. NMSC and AK cells have both
higher rates of ALA uptake and higher rates of
synthesis and accumulation of PpIX within the
mitochondria. It has been shown that critical en-
zymes within the heme synthesis pathway are
upregulated within malignant cells.6 Animal models
have exhibited preferential accumulation of PpIX in
tissue of SCC and BCC.7,8 Additionally, accumulation
of PpIX within AKs has been shown within humans
using noninvasive fluorescence monitoring.9

Successful use of PDT for BCC, SCC, and SCCIS
has been documented in the literature.5,10 Our
retrospective case series similarly reports 10 cases
of NMSC that resolved with an average of 2 sessions
of blue light PDT with 10% ALA gel and range of 1 to
4 sessions. Notably, no evidence of recurrence
occurred at [ 5 years after the final treatment
session. In the literature, a randomized controlled
trial of 3 patients with Basal Cell Nevus Syndrome
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with a total of 141 BCCs investigated the efficacy of
ALA 20% solution with blue light and red light PDT.
The patients reached an overall clearance rate of 98%
with blue light and 93% with red light.11 Given that
PDT has been approved as a treatment for BCC in
some countries, more data exist on PDT for BCC than
for SCC. In another study of 112 biopsy-proven
lesions of SCC and SCCIS in 55 patients treated
with red light PDT with MAL cream, the overall
clearance rate was 73.2% at 3 months and 53.6% at
2 years.12 In our series, 4 SCC and 3 SCCIS lesions
resolved with blue light PDT with 10% ALA gel with
no clinical evidence of recurrence at 5 years.

A meta-analysis of 17 unique randomized
controlled trials (RCTs) of PDT for BCCs and SCCs
in adults showed that PDTwas more likely to receive
a ‘‘good’’ or ‘‘excellent’’ rating for cosmetic outcome
than surgery or cryotherapy.5 PDT may therefore
offer a good option for NMSC lesions on the face or
other cosmetically sensitive locations. Additionally,
PDT has been studied extensively as an effective
field cancerization therapy for AKs. While PDT with
10% ALA gel is approved for areas up to 20 cm2, it has
been demonstrated as safe and effective for surface
areas 75-300 cm2.13 This suggests that PDT may be a
good option for patients with significant UV damage
and multiple NMSC within a contained area.

The main limiting factor for the use of PDT is pain
during illumination. Multiple studies have been
published suggesting protocols to reduce pain and
burning during illumination. A bilaterally controlled
intrapatient trial of 23 patients demonstrated that
immediate illumination following ALA application
resulted in significantly less pain than the conven-
tional method of 1 hour incubation. At 3 months after
treatment, lesion eradication was nearly identical
between methods.14 A randomized controlled intra-
patient trial of 22 patients revealed that application of
superpotent topical corticosteroid before and after
treatment of AKs of the face and scalp reduced
erythema 24 hours after treatment without affecting
the efficacy of PDT.15 In our reported case series, the
patients were incubated with ALA gel for 90 minutes
and subsequently illuminated for 16 minutes and
40 seconds. Overall, the patients tolerated the
treatment well since they were compliant with a
post-treatment regimen over the subsequent
48 hours. Patients were instructed to apply physical
sunscreen and a healing cream every 2 hours during
waking hours for the next 48 hours after the PDT
session. The primary limitations in this case series
were that only 10 patients were included, that only
blue light illumination was utilized, and that a larger
sample size is required for statistically significant
conclusions. Given the efficacy and tolerability in
this case series, without recurrence after 5 years,
larger studies investigating recurrence rates after red
light illumination as well as blue light illumination for
BCC, SCC, and SCCIS are needed.
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