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S
quamous cell carcinoma in situ (isSCC), also referred to as Bowen's 
disease, is a super�cial skin cancer that can be a precursor 
to invasive squamous cell carcinoma (SCC), much like actinic 

keratoses (AKs), which are histologically on the same spectrum.1 While 
isSCC itself does not metastasize, it has the potential to progress into 
SCC, which is associated with a higher risk of morbidity and mortality 
and a less favorable prognosis than other forms of nonmelanoma skin 
cancers (NMSC).2 According to a recent study, the incidence of SCC, 
including isSCC, is now greater than the incidence of basal cell carcinoma 
(BCC).3 Traditionally, the risk of progression from isSCC to SCC has been 
estimated at 3% to 5%, though newer research suggests that the risk 
could be as high as 16.3%.4 The main risk factor for isSCC is ultraviolet 
(UV) radiation exposure, especially UV-A, with additional contributing 
factors such as older age, lighter skin types, exposure to carcinogens, 
chronic in�ammation, infection with human papillomavirus, and 
immunosuppression.1,4 

Timely treatment of isSCC is essential to reduce growth and the risk of 
progression to invasive SCC. Although surgical excision, including Mohs 
micrographic surgery (MMS), and destruction using electrodesiccation 
and curettage (ED&C) are considered the gold standard for treating SCC, 
there is currently no universally accepted treatment protocol for SCC.5,6,7 
For cases of low-risk SCC or isSCC, the 2025 National Comprehensive Cancer 
Network Clinical Practice Guidelines in Oncology recommends standard 
excision with 4- to 6-mm margins of clinically normal skin.8 Nonsurgical 
therapies for isSCC include radiation therapy, topical chemotherapeutic 
agents, electrocoagulation, cryotherapy, and photodynamic therapy (PDT). 
Systemic chemotherapy is typically reserved for more advanced cases  
of SCC.7 

PDT is widely used in dermatologic and oncologic conditions and 
involves the application of a photosensitizer that, when activated by 
speci�c wavelengths of light, generates reactive oxygen species to destroy 
targeted cells.9 PDT is currently approved for the treatment of AKs on the 
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scalp and face and is also used o� label for 
Bowen's disease due to the high a�nity of its 
photosensitizers for actinically damaged skin, 
AKs, NMSCs, and the pilosebaceous unit. Studies 
have shown that PDT can be e�ective in treating 
warts, BCC, AKs, and isSCC, particularly in solid 
organ transplant recipients; however, much of 
the existing evidence is limited by small sample 
sizes and shallow tumor depths.10-14 The most 
commonly used photosensitizer in the United 
States (US) is 5-aminolevulinic acid (ALA) in 
the 10% gel and 20% solution formulations. 
ALA-PDT gel employs 10% ALA as a prodrug 
that is metabolized in the skin to protoporphyrin 
IX (PpIX), which can be activated by visible light 
wavelengths, most e�ectively red light near 
630 nm. The 10% ALA gel was developed for 
use with red light and the 20% ALA solution 
was developed for use with blue light.15 In a 
randomized clinical trial, ALA gel 10% with blue 
light was equivalent to 20% ALA solution with 
blue light for clearing AKs on the face and scalp 
with signi�cantly less local skin reactions.11,15,16 

Aminolevulinic acid hydrochloride topical gel 
10% (AMELUZ), a porphyrin precursor, used in 
combination with a red-light illumination device 
(RhodoLED-XL, Biofrontera, Inc.), is approved for 
both lesion- and �eld-directed PDT of mild-
to-moderate AKs within a treatment area of 
up to 20cm2 on the face and scalp.17 Red light 
penetrates deeper than shorter wavelengths, 
allowing activation of PpIX in the lower layers of 
the epidermis, where atypical keratinocytes may 
reside.18,19 This clinical study investigated the use 
of ALA-PDT as a nonsurgical treatment option 
for isSCC on the face, where surgery may not be 
optimal due to anatomic, functional, or  
cosmetic considerations. 

METHODS
Study design and population. This was a 

single-center, investigator-initiated, open-label 
study conducted from August 2024 to June 2025. 
The study protocol was reviewed and approved 
by the US Institutional Review Board. The study 
was conducted in accordance with the principles 
outlined in the Declaration of Helsinki. All 
patients provided written informed consent and 
photoconsent prior to the initiation of study.

Patients enrolled in the study were aged  
18 years or older with facial isSCC histologically 
con�rmed no more than 6 months prior to 
screening. Only lesions measuring 0.4cm to 
1.3cm in diameter were included. Lesions with 

histological features of nodular BCC, super�cial 
BCC, invasive SCC and other non-SCC tumors, 
severe squamous metaplasia, or in�ltrative 
desmoplastic or micronodular growth patterns 
were excluded. History of recurrence of the target 
isSCC or evidence of confounding skin conditions 
in the treatment area was also exclusionary. 

Treatment protocol. Each patient received 
two sessions of ALA-PDT 28 ± 3 days apart. 

Lesion preparation. Prior to ALA application, the 
lesion was gently abraded using 4×4 gauze to 
remove scaling or crust. 

Application of investigational product. Following 
lesion preparation, 10% ALA gel was applied 
topically to the lesion and approximately 5mm 
of the surrounding area. The treatment area was 
covered with an occlusive bandage and incubated 
for 3 hours ± 15 minutes. During this time, 
patients were instructed to avoid direct exposure 
to sunlight or other high-intensity light sources.

Irradiation with red light. After the incubation 
period, PDT was administered using red light at a 
wavelength of approximately 635nm, delivering a 
total of 37J/cm2 for 13 minutes and 30 seconds at 
a distance of 5cm to 8cm. Patients were instructed 
to avoid direct exposure to sunlight or other high-
intensity light sources for approximately 48 hours 
following treatment. 

Assessments. Surgical excision of the lesion 
site was performed 8 weeks after the second 
treatment. The excised tissue was examined 
for complete histological clearance via 1-mm 
bread loa�ng by a blinded board-certi�ed 
dermatopathologist.  

The lesion was assessed for size and complete 
clinical clearance (CCC; no clinically visible lesion 
at the site) by the investigator at each visit. The 
lesion site was evaluated for local skin reactions 
(LSRs) and pigmentation changes by the 
investigator at each visit. LSRs, such as erythema, 
�aking/scaling, crusting, swelling, vesiculation/
pustulation, and erosion/ulceration, were recorded 
on a scale of 0 (not present) to 4 (high severity). 
Pigmentation assessment (hypopigmentation, 
hyperpigmentation, and depigmentation) was 
performed on a scale of 0 (none) to 3 (severe). 

Patients used a visual analogue scale (VAS) 
ranging from 0 (no pain) to 10 (worst pain 
possible) to rate pain within 15 minutes after each 
ALA application and red light irradiation.

Outcomes. The primary endpoint of this 
study was the proportion of patients achieving 
complete histological clearance of isSCC by the 
end of treatment. The secondary endpoints 

were the proportion of patients achieving CCC of 
isSCC, change in size of the treated lesion, and 
the cosmetic appearance of the treated lesion as 
assessed by the LSRs. 

RESULTS
Twenty patients with a median age of 72 years 

(range: 56-86 years) and Fitzpatrick skin type of 
II or III were enrolled. Of these patients, 65% (13) 
were male and 35% (7) were female. The locations 
of the isSCCs were as follows: 5 (25%) on the right 
cheek or temple, 1 (5%) on the right cutaneous 
lip, 11 (55%) on the forehead, and 3 (15%) on the 
left cheek or temple. Overall, 55% of lesions were 
located on the right side of the face, 30% were 
located on the left side of the face, and 15% were 
located on the midface. The mean lesion diameter 
was 0.60cm (range: 0.40-1.1cm; standard 
deviation [SD]: 0.20cm). The mean lesion width 
was 0.50cm (range: 0.4-1.0cm; SD: 0.15cm).

E�cacy. All patients (n=20) achieved 
complete histological clearance of isSCC by 
surgical excision or the end of treatment (EOT), 
which was 8 weeks after the second treatment. 
CCC was observed in all patients prior to the EOT 
(Figure 1). The median time until CCC was 62 days 
(range: 42-90 days; SD: 14 days).

Local skin reactions. Erythema was the 
most common LSR (n=20), primarily of moderate 
intensity (Table 1). Mild �aking or scaling was also 
observed in most patients (n=19). Both erythema 
and �aking or scaling worsened after treatment 
and improved over time. The scaling and �aking 
were resolved in all patients before the EOT. 
Rarely patients experienced mild erosion (n=1) 
that was unrelated to treatment and all patients 
experienced mild erosion at the lesion site during 
the treatment visit (n=20), which generally 
resolved by the next visit.

Pigmentation assessment. No patients 
exhibited any changes in pigmentation, including 
hyperpigmentation, hypopigmentation, or 
depigmentation, throughout the study.

Tolerability. The median immediate 
posttreatment pain score on the VAS was 0 (range: 
0 to 3) within 15 minutes after ALA application 
and 3.5 (range: 0 to 10) within 15 minutes after 
red light therapy.

Safety. The majority (n=19) of patients did 
not experience any adverse events. One patient 
experienced mild contact dermatitis secondary to 
adhesive use around the surgical site 1 week after 
excision. This was unrelated to the investigational 
treatment and resolved within 1 week.
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DISCUSSION
ALA-PDT is approved for the treatment of 

isSCC in the European Union and has successfully 
been used o� label in the US.20 While currently 
only approved in the US for the treatment of 
AKs, the e�cacy of ALA-PDT for isSCC is well 
established, and our study adds to the  
growing literature.14,21 

Surgical excision o�ers one of the highest 
clearance rates, at approximately 95%, in the 
treatment of SCC lesions.22 The clearance rate 
with MMS for SCC lesions is approximately 
90% to 95% at the 5-year mark, depending on 

lesion morphology and history of recurrence.23 
A large retrospective study showed up to a 97% 
clearance of isSCC lesions overall with MMS.24 Of 
note, this study found that isSCC required more 
MMS stages than invasive SCC to achieve tumor 
clearance.24 However, these invasive modalities 
pose a challenge, especially for individuals in 
whom surgical intervention may not be suitable, 
such as high-risk individuals, in cosmetically 
sensitive areas, or in areas with anatomical 
complexities.22 Topical chemotherapy agents, 
such as imiquimod and 5-�uorouracil, were 
found to have clearance rates of 81% and 78%, 

respectively.25 The clearance rate of isSCC with 
a noninvasive modality such as ED&C was 
approximately 70% in one study.26 Additionally, 
this treatment modality may not result in 
favorable cosmetic outcomes. As such, there 
is a need for a noninvasive treatment for isSCC 
that o�ers a favorable cosmesis, safety pro�le, 
and comparable clearance rates to surgical 
intervention. ALA-PDT is a promising treatment 
modality in these cases. 

ALA-PDT has been shown to be most e�ective 
with longer incubation periods in treating 
isSCC. It has also been e�ective for lesions 

FIGURE 1. Squamous cell carcinoma in situ (A) before (Visit 1) and (B) after (Visit 8) treatment with aminolevulinic acid 10% gel and red light therapy

A

B

TABLE 1. Median values for local skin reactions

SKIN REACTION

VISIT

V1

(screening)

V2A

(pre-txt)

V2B

(post-txt)
V3

V4A

(pre-txt)

V4B

(post-txt)
V5 V6 V7

V8

(EOT)

Erythema 2 2 3 2 2 3 2 2 1 1

Flaking/scaling 1 1 0 1 1 0 1 0 0 0

Crusting 0 0 0 0 0 0 0 0 0 0

Swelling 0 0 0 0 0 0 0 0 0 0

Vesiculation/pustulation 0 0 0 0 0 0 0 0 0 0

Erosion/ulceration 0 0 1 0 0 1 0 0 0 0

Hyperpigmentation 0 0 0 0 0 0 0 0 0 0

Hypopigmentation 0 0 0 0 0 0 0 0 0 0

Depigmentation 0 0 0 0 0 0 0 0 0 0

EOT: end of treatment; txt: treatment; V: visit
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that are located on the face and are smaller 
in diameter.21,27 Our �ndings showed that a 
relatively short incubation period of 3 hours was 
e�ective in treating lesions up to 1.1cm in size. 
Use of red light at 635nm, which penetrates 
deeper than blue or shorter wavelength light, 
may have contributed to the observed higher 
e�cacy, as it allows for greater activation of 
PpIX in deeper epidermal layers where atypical 
keratinocytes may reside.18,19 This is particularly 
relevant for isSCC, which involves the full 
thickness of the epidermis and requires deeper 
phototoxic activity for eradication. 

Proper lesion preparation is essential for the 
e�ectiveness of ALA-PDT. Hyperkeratotic lesions 
can impair ALA absorption by reducing skin 
permeability.28 Additionally, increased melanin 
content acts as a competing chromophore 
to the light energy, which may diminish 
the penetration of the light. These factors 
may compromise the e�cacy of ALA-PDT 
treatment.28 To optimize outcomes, gentle 
abrasion of the skin to exfoliate the stratum 
corneum is recommended prior to the  
ALA-PDT procedure.  

ALA-PDT is also promising for �eld 
cancerization, which includes areas of skin at 
risk for both AKs and isSCC. As a �eld treatment 
for AKs and actinic damage in general, ALA-PDT 
demonstrates e�cacy for clearance of both 
precancerous lesions and dysplastic cells or 
cellular atypia.15 This is particularly important 
as a recent study showed a signi�cantly higher 
incidence of SCC (including isSCC) compared 
to BCC, warranting the need to address 
precancerous lesions.3 Patients with chronic 
actinic damage are at a higher risk for the 
development of skin cancers of any type.29 Thus, 
patients with biopsy-con�rmed isSCC who 
are treated with ALA-PDT would e�ectively 
lower their risk of developing skin cancer in the 
treatment area. 

Another major advantage of our results is 
the cosmetic appeal that patients seek when 
treating their cutaneous neoplasms. Traditional 
treatments, such as ED&C, MMS, or simple 
excisions, produce scars that patients may �nd 
unappealing. This is especially true of lesions on 
the face. Other treatments, such as super�cial 
radiation therapy, may o�er cosmetic appeal 
but at the cost of additional treatment sessions, 
which can be mitigated by ALA-PDT.30

Limitations of this study include a small 
sample size, a short follow-up period, smaller 

lesion size, and limited anatomical sites.  
Future studies should assess e�cacy on larger 
lesions,  shorter incubation times, and long-
term recurrence.

CONCLUSION
ALA-PDT using red light appears to be a 

highly e�ective and well-tolerated treatment 
for facial isSCC, o�ering complete histologic  
and clinical clearance with minimal adverse 
e�ects and excellent cosmetic outcomes. These 
results support further investigation of red light 
ALA-PDT as an option for isSCC, particularly 
when surgical treatment poses functional or 
aesthetic challenges. 
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