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Abstract: Multiple actinic keratoses(AK)with field cancerization and cutaneous squamous cell carcinoma(cSCC) are difficult to treat
in dermatology. These diseases represent different stages of keratinocyte damage and have common treatment approaches. Available
treatment methods include drug therapy, surgery, cryotherapy, and photodynamic therapy (PDT). However, in elderly patients with
extensive and multiple lesions, it is difficult to completely clear the lesions with a single therapy. This article presents two elderly
patients with multiple actinic keratoses, one of whom was also diagnosed with well-differentiated ¢cSCC. PDT combined with
cryotherapy and surgery was applied to the two patients, respectively, achieving favorable therapeutic and cosmetic outcomes with
good patient tolerance.
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Introduction

Actinic keratosis (AK) is a common skin disorder characterized by dysplastic proliferation of epidermal keratinocytes.
AK is defined by the World Health Organization(WHO) as a precancerous lesion that may progress into cutaneous
squamous cell carcinoma(cSCC). Global prevalence of AK is approximately 14%, with the highest rates reported in
Australia." Factors associated with an increased risk of developing AK include male sex, an age exceeding 45 years, fair
skin type, light hair, light eye color, facial or arm freckles, a positive history of non - melanoma skin cancer (NMSC),
sunburn during childhood and adulthood, severe sunburn, long - term occupational and/or recreational sun exposure,
baldness, and the utilization of potentially photosensitizing thiazide diuretics or other photosensitizing cardiac
medications.” In several Danish studies, a cumulative exposure to hydrochlorothiazide (HCTZ) of 50,000 mg or more
was associated with a fourfold increase in the risk of SCC.? Repeated and prolonged sun exposure is the main risk factor
for AK development, with reported progression rates to invasive SCC ranging from 0.025% to 16%.* Immunosuppressed
individuals, especially organ transplant recipients, have a higher risk of AK and ¢SCC.

The concept of field cancerization was first proposed by Slaughter et al in 1953, based on histological findings of
atypical cells surrounding oral SCC.% A recent European consensus proposed that field cancerization refers to the region
of subclinical change at the edge of clinically visible AK lesions, which has a similar genetic change to those of
macroscopic AKs.” Clinically, field cancerization comprises adjacent anatomical regions of AK and sun - damaged skin,
which may display at least two of the following features: telangiectasia, atrophy, abnormal pigmentation, and a sandpaper
- like appearance.”
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Field-directed treatment is recommended by the European consensus for multiple or extensive AK lesions and for
subclinical field cancerization area resulting from chronic sun damage. Agents such as 5-fluorouracil and imiquimod, as
well as PDT, are used as field-directed options.” For patients with multiple AKs and well-differentiated ¢cSCC, given the
large and widespread area of skin involvement, surgery combined with PDT-based field-directed treatment can be used as
the first choice and can improve the clearance rate. Given the non-invasive nature, high clearance rates, tolerability, and
cosmetic benefits of ALA-PDT, we used ALA-PDT in combination with cryotherapy and surgery to treat two elderly
patients with multiple AKs respectively, one of the two patients also had well-differentiated cSCC.

Case Report

Case |
An 84-year-old female presented with multiple areas of erythema and plaques on the scalp that had developed
progressively over two years. The initial sporadic lesions were asymptomatic but increased in number and size, with
the larger lesions causing pain. The patient reported no history of hypertension, diabetes, or coronary heart disease.
Dermatological examination revealed erythema and brown plaques on the scalp with surface keratosis, visible capillary
dilation, atrophy, and pigmentation, but no exudation or ulceration (Figure 1A). Dermoscopy showed a diffuse erythe-
matous background characterized by glomerular and linear vessels, prominent shiny white streaks, yellow-white keratin
plugs within the hair follicles, and superficial yellowish-white scales (Figure 2A and B). Histopathology confirmed
hyperkeratosis with parakeratosis of the epidermis, atypical squamous epithelial cell hyperplasia, band-like lymphocyte
infiltration, and degeneration of elastic fibers in the superficial dermis (Figure 2E—G). Based on the clinical features,
dermoscopy, and histopathological examination, a diagnosis of multiple AKs with field cancerization was made.
Considering the patient’s age and the extent of the lesions, PDT-based field-directed treatment was adopted. To
facilitate the penetration of the photosensitizer, the lesions were initially treated with cryotherapy, and the hypertrophic
and hyperkeratotic regions within the lesions were curetted before PDT. Freshly prepared 20% ALA cream (Shanghai
FudanZhangjiang Bio-Pharmaceutical company, located in Shanghai,China) was then applied to the AK lesions and to
areas showing signs of field cancerization, extending up to 1 cm beyond their margins. The treated skin was covered with
a light-shielding dressing for four hours. Photodynamic diagnosis (PDD) confirmed the treatment area, and PDT was

Figure | Images of the patient before and after photodynamic therapy. (A) The scalp lesion before ALA-PDT. (B-F) The lesion before the first to fifth sessions of
cryotherapy combined with ALA-PDT, performed at two-week intervals. (G) One year after five sessions of ALA-PDT.
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Figure 2 Dermoscopic and histopathological findings of the scalp lesion. (A and B) Dermoscopic images of the scalp lesion before ALA-PDT. (A) An erythematous
background with surface keratinization (thin solid arrow). (B) A typical erythematous background characterized by glomerular and linear vessels (thick solid arrow),
prominent shiny white streaks (dashed arrow), yellow-white keratin plugs within the hair follicles (thin solid arrow),and superficial yellowish-white scales. (C and D)
Dermoscopic images of the scalp lesion after three sessions of ALA-PDT; the erythematous background faded, the yellow-white follicular plugs decreased, and the linear and
glomerular vessels and shiny white streaks diminished. (E-G) Histopathological findings of the lesions (hematoxylin and eosin staining; (E) x40; (F) x100; (G) x200),
showing hyperkeratosis with parakeratosis of the epidermis (thin solid arrow in (E)), atypical squamous epithelial cell hyperplasia (thin solid arrow in (F)), band-like
lymphocytic infiltration (thick solid arrow in (F)), and degeneration of elastic fibers in the superficial dermis (thick solid arrow in (E)). All arrows are blue.

performed with a 635 nm LED red light at an initial output of 60 mW/cm? for five minutes, which was increased to 80
mW/cm? for 30 minutes as the patient’s pain tolerance improved (LD600-C, Wuhan Yage Optic and Electronic
Technique Co., Ltd., Wuhan, China). PDD confirmed the absence of residual fluorescence after irradiation. Treatment
was repeated every two weeks for five consecutive sessions.

Significant improvement in clinical symptoms, photoaging scores, and dermoscopic findings was observed after the
treatment (Figure 1B—F; Figure 2C and D; Table 1). The pain during treatment was tolerable. A 5% imiquimod ointment
was applied every other day after the five ALA-PDT sessions; however, after one week, the patient reported local skin
pain and erosion, so imiquimod was discontinued and not resumed. One-year follow-up showed no new lesions, and
clinical follow-up is still in progress (Figure 1G).

Case 2

A 79-year-old female presented with a 6-year history of a papule at the left inner canthus and gradually enlarging lesions
on the left cheek and left temporal region over the previous five years. The patient reported no history of hypertension,
diabetes, or coronary heart disease. On dermatological examination, the left inner canthus showed a round keratotic
papule measuring 1 cm in diameter without surface ulceration (Figure 3A). The left cheek showed a circular keratotic
papule approximately 0.8 cm in diameter, while the left temporal region showed a plaque about 5 cm in diameter with
overlying hyperkeratosis (Figure 3B). Histopathological examination of the left inner canthus showed atypical epidermal
hyperplasia and structural disorder with hyperkeratosis and keratin pearl formations, together with basophilic degenera-
tion of the dermal collagen fibers and lymphocyte infiltration (Figure 4A and B). Histopathological examination of the
left temporal lesion showed squamous epithelium with full-thickness atypical hyperplasia, a small amount of lymphocyte

Table | Photoaging Scores in Case One

Treatment Time Point Mottled Fine Sallow Roughness Skin Telangiectasia Coarse Total
Pigmentation | Wrinkles | Complexion Erythema Wrinkles | Photoaging
Score
Before ALA-PDT 4 3 3 3 4 4 3 24
After five ALA-PDT sessions 2 | 2 | | | | 9

Notes: Each parameter was scored on a 5-point scale (0 = none to 4 = severe); the total photoaging score is the sum of the seven parameters (range 0-28).
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Figure 3 Images of the patient before and after treatment. (A) The left inner canthal lesion before treatment. (B) The left cheek and temporal lesions before treatment. (C)
The left inner canthus lesion after surgical excision and skin grafting. (D) The left temporal region after laser ablation during the first photodynamic therapy session. (E) The
left temporal lesion before the second photodynamic therapy session. (F) The left temporal lesion before the third photodynamic therapy session.

infiltration in the superficial dermis, and significant solar degeneration of elastic fibers (Figure 4C and D). Histopathology
of the left cheek was consistent with AK. Based on the clinical features and histopathological examination, the diagnosis
of multiple AKs with well-differentiated cSCC was made.

Considering the patient’s advanced age and extensive lesions, a combination of PDT and surgery was determined to
be the optimal approach. The left inner canthal lesion was treated by wide local excision combined with skin grafting;
histopathological examination of the surgical margins showed no residual tumor tissue (Figure 3C). The left cheek lesion
was completely excised surgically. For the extensive lesion in the left temporal region, PDT was performed. To promote
photosensitizer penetration, 20% ALA (Shanghai Fudan Zhangjiang Bio-Pharmaceutical Co., Shanghai, China) was
applied to the AK lesions and the surrounding 1 cm after carbon dioxide laser ablation of the hyperkeratotic lesions
(Figure 3D). The specific treatment options of ALA-PDT procedure refer case 1. After three ALA-PDT sessions
(Figure 3E and F), the patient discontinued treatment for personal reasons. A 5% imiquimod ointment was subsequently
applied to the lesions for two weeks. Six-month follow-up examinations showed no evidence of recurrence or new
lesions.

Discussion

AK is a precancerous lesion showing many similar cytological and molecular characteristics with cSCC. Chronic UVB
radiation induces the mutations and decreases of tumor suppressor proteins such as p53, pl6INK4a, and PTEN, which is
considered to be the key molecular mechanism of AK and ¢SCC.*° These mutations occur both in visible lesions and in
the subclinical sun-exposed areas beside the AK lesions, gradually forming field cancerization. Dermoscopy also detects
the early signs of progression from AK to SCC, such as curly, glomerular, or pleomorphic vessels and white halo, which
are rarely observed in AK.'® In addition, dermoscopy can help in the assessment of treatment response and differential
grade diagnosis of AK.
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Figure 4 Histopathological features of the left inner canthal and left temporal lesions. (A and B) Histopathology of the left inner canthus (hematoxylin and eosin staining;
(A) x40; (B) x200): atypical epidermal hyperplasia and structural disorder with hyperkeratosis and keratin pearl formation (arrow in (A)), together with basophilic
degeneration of the dermal collagen fibers and lymphocytic infiltration. (C and D) Histopathology of the left temporal lesion (hematoxylin and eosin staining; (C) x100; (D)
%200): squamous epithelium with full-thickness atypical hyperplasia (arrow in (D)), a small amount of lymphocyte infiltration in the superficial dermis, and significant solar
degeneration of elastic fibers (arrow in (C)). All arrows are blue.

The selection of optimal treatment depends on multiple factors, including lesion severity, location, quantity, prior
medical history, patient tolerance, immune status, and age. For mild AK lesions, lesion-directed therapies such as surgical
excision, cryotherapy, and laser ablation are commonly employed. Surgical intervention is particularly recommended for
lesions necessitating biopsy—especially those unresponsive to treatment, recurrent, or exhibiting concerning features like
hypertrophy, pain, or bleeding. Field-directed therapy is more appropriate for cases involving multiple, widespread AKs
or field cancerization.” Available field-directed therapies include surgical excision, cryotherapy, curettage, PDT, and
radiotherapy, as well as topical agents such as S5-fluorouracil, imiquimod, ingenol mebutate, tirbanibulin, and
diclofenac."" Recently, immune checkpoint inhibitors, particularly anti-PD-1 therapies such as cemiplimab, have been
approved for adjuvant use in patients with high-risk SCC following surgery and radiotherapy.'* Field-directed treatment
reduces the incidence of ¢SCC by preventing subclinical lesions from progressing to visible AK.'? Pre-treatment with
cryotherapy, curettage, or laser before field therapy is essential for hyperkeratotic lesions.

As a non-invasive, effective, and cosmetic treatment, PDT is the preferred field-directed option for AK and c¢SCC.
Research has demonstrated that PDT inhibits the progression of precancerous lesions while offering superior cosmetic
results.'® Histologically, PDT reduces keratinocyte abnormalities, increases collagen production, and decreases the
degeneration of solar elastotic fibers in the field-cancerized skin.'” Clinical studies have further confirmed the high
efficacy and safety of PDT for mild to severe thick AK and field cancerization,'® particularly BF-200 ALA-PDT, which
achieved up to 90% clearance after 12 weeks in mild to moderate AK.'” Combined treatment is suitable for patients with
extensive, hyperkeratotic, treatment-resistant, or multifocal lesions at different sites, achieving a higher clearance rate
than monotherapy.”'® PDT combined with other therapies, such as surgery, cryotherapy, laser and microneedling, can
enhance efficacy without obvious adverse reactions. Daylight PDT offers comparable efficacy with improved patient
tolerance.'” In organ transplant recipients, PDT may be used to prevent cutaneous field cancerization after

transplantation.?
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This report describes two elderly patients with multiple and extensive skin lesions that were difficult to clear
completely with a single treatment approach. The first case involved multiple AKs with field cancerization.
Considering the high clearance rate and good cosmetic outcome of PDT, PDT-based field-directed treatment was adopted.
Combining PDT with cryotherapy enhanced photosensitizer penetration and improved the therapeutic effect. The second
case presented with multiple AKs accompanied by well-differentiated cSCC and a prolonged disease course. Pathological
examination revealed different findings across the lesion sites, indicating distinct stages of disease progression—
including sun damage, AK, and ¢SCC—necessitating prompt intervention. Considering that excessive hyperkeratosis
of AK is a risk factor for early progression to SCC, we performed surgical resection of the well-demarcated ¢cSCC and
the markedly hyperkeratotic AK lesions. For the lesions of extensive, unclear boundaries in the left temporal region,
a combination of photodynamic and laser therapy was utilized. The two cases reflect the advantages of PDT in the
management of AK and well-differentiated cSCC.

For the follow-up of AK, there is no standard and unified method. The frequency of follow-up needs to be based on
the number and activity of AK lesions previously, the history of keratinocyte carcinoma, as well as the individual’s
immune status and medication situation. Guidelines suggest that for patients with multiple AKs and a history of ¢cSCC,
the follow-up schedule should follow the cSCC guidance.

Conclusion

In conclusion, PDT is particularly suitable as a first-line field treatment for patients with extensive multiple AKs, AKs
associated with field cancerization, and AKs with well-differentiated cSCC, especially for elderly patients and those who
cannot tolerate surgery. In this report, ALA-PDT combined with cryotherapy and surgery successfully treated multiple
AKs associated with field cancerization and AKs with well-differentiated cSCC, respectively, with excellent efficacy and
cosmetic results. At present, the diagnosis of field cancerization relies on clinical symptom and photodynamic fluores-
cence diagnosis. We hope that more methods to detect field-cancerized lesions will become available in the future, and
that multiple biopsies will be taken from multiple or cSCC-suspicious lesions, so as to achieve early diagnosis and early
treatment. Long-term follow-up remains essential after treatment.
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