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Introduction

Actinic keratosis (AK) is a common precancerous skin condition that arises from chronic sun exposure. Although
each lesion may appear benign, their cumulative presence and the potential for malignant transformation make
understanding their pathology essential for dermatologists, pathologists, and clinicians alike. This article provides a
detailed, evidence based overview of actinic keratosis pathology outlines, guiding readers through histopathologic
features, grading systems, differential diagnoses, and clinical implications. By integrating current research with
practical insights, we aim to equip healthcare professionals with the knowledge needed to diagnose, manage, and
prevent progression to squamous cell carcinoma.

What Is Actinic Keratosis?

Actinic keratosis is a sun induced epidermal disorder characterized by focal keratinocyte dysplasia. It typically
presents as rough, scaly patches or papules on sun exposed areas such as the face, ears, neck, forearms, and
hands. While most lesions remain static or regress spontaneously, a subset progresses to squamous cell
carcinoma (SCC) if left untreated. The condition is more prevalent in fair skinned individuals, those with a history of
intense ultraviolet (UV) exposure, and in immunocompromised patients.

Epidemiology and Risk Factors

Demographic Distribution

Actinic keratosis is most common in individuals over 50 years old, with a higher prevalence in men due to
occupational sun exposure. Studies report prevalence rates ranging from 15% to 30% in populations over 60,
depending on geographic location and skin phototype.

Environmental and Lifestyle Contributors
e Chronic exposure to UV B and UVA radiation
¢ Occupations involving outdoor work (construction, farming)
e Frequent recreational sun exposure without adequate protection
 History of sunburns, especially in childhood
¢ Use of tanning beds or sunlamps

Host Factors
« Fair skin (Fitzpatrick types I-ll)
e Immunosuppression (organ transplant recipients, HIV infection)
* Genetic predispositions (e.g., xeroderma pigmentosum, dyskeratosis congenita)
e Low levels of protective antioxidants (vitamin D, carotenoids)

Pathophysiology of Actinic Keratosis
Ultraviolet radiation induces DNA damage, particularly cyclobutane pyrimidine dimers and 6—4 photoproducts,

leading to mutations in key regulatory genes. The p53 tumor suppressor gene is most frequently affected, resulting
in impaired DNA repair and apoptosis. Additionally, alterations in the TERT promoter, NOTCH1, and other



oncogenes contribute to dysplastic growth. Chronic inflammation, oxidative stress, and immunologic dysregulation
further drive the progression from normal epidermis to dysplasia.

Clinical Presentation and Dermoscopic Features

Actinic keratosis lesions are usually 0.5-2 /cnin  diameter, with a rough, sandpaper-like surface. They may be
erythematous, pink, or skin colored and often occur in clusters. Dermoscopy reveals a characteristic “strawberry”
pattern: a central white or yellowish structureless area surrounded by a peripheral rim of erythema and fine scaling.

Histopathologic Features of Actinic Keratosis

Key Microscopic Characteristics

< Keratinocyte dysplasia confined to the epidermis, with increased nuclear-to-cytoplasmic ratio and irregular
nuclear contours.

* Hyperkeratosis and parakeratosis—thickened stratum corneum with retained nuclei.

¢ Acanthosis—epidermal thickening due to proliferation of atypical keratinocytes.

« Disordered maturation—loss of the orderly arrangement of cells from basal to granular layers.

 Elastotic changes in the dermis—fragmentation and thickening of elastic fibers.

Grading System

Pathologists often use a three tier grading system based on the extent of dysplasia relative to the total epidermal
thickness:

1. Low grade (mild) AK—dysplasia involving
2. Moderate grade AK—dysplasia involving 1/3 to 2/3 of the epidermis.
3. High grade (severe) AK—dysplasia involving >2/3 of the epidermis.

High grade lesions carry a higher risk of progression to SCC, especially when accompanied by cytologic atypia
such as prominent nucleoli and increased mitotic figures.

Diagnostic Pathology Workflow

Sample Acquisition
e Excisional biopsy for isolated lesions.

¢ Shave or punch biopsy for widespread lesions or when the lesion is flat.
e Skin scraping or cytology for superficial or indeterminate lesions.

Processing and Staining

e Standard hematoxylin and eosin (H&E) staining remains the gold standard.
¢ Immunohistochemical stains (p53, Ki 67, cytokeratin 5/6) may assist in ambiguous cases.
e Special stains (e.g., Masson'’s trichrome) can highlight dermal elastosis.

Interpretation Tips

e Look for “clumping” of keratinocytes at the basal layer.

* Assess the depth of dysplasia; deeper involvement suggests higher grade.

e Check for pagetoid spread of atypical cells—an early sign of progression.

« Differentiate from Bowen disease by noting that the latter exhibits full thickness dysplasia with a more
pronounced atypia.

Differential Diagnosis



Bowen Disease (SCC in Situ)

Bowen disease is characterized by full thickness epidermal dysplasia with prominent atypia, atypical mitoses, and a
higher mitotic index. Unlike AK, Bowen disease often presents as a solitary, well defined lesion that may ulcerate.

Superficial Basal Cell Carcinoma

Superficial BCC shows basaloid proliferation with peripheral palisading. It lacks the hyperkeratosis and
parakeratosis typical of AK.

Actinic Elastosis
Actinic elastosis is a dermal condition marked by fragmented, thickened elastic fibers without
epidermal dysplasia. It often coexists with AK but does not itself carry malignant potential.

Other Keratinocyte Dysplasias
« Solar lentigines: benign hyperpigmented lesions without dysplasia.
¢ Melanocytic nevi: benign melanocytic proliferation; histology shows nests of melanocytes.

Molecular Pathology and Genetic Alterations

Modern molecular studies have identified key drivers of actinic keratosis:

¢ p53 mutations—most common, leading to loss of cell cycle control.

e TERT promoter mutations—enable telomerase activation and cellular immortalization.
¢ NOTCH1 loss of function—disrupts differentiation pathways.

¢ HRAS mutations—promote proliferative signaling.

These findings not only deepen our understanding of AK pathogenesis but also open avenues for targeted
therapies and risk stratification.

Prognostic Significance of Pathology Findings

Histopathologic grade correlates with progression risk. Low grade lesions have a

Clinical Management Guided by Pathology

Topical Therapies
¢ 5 Fluorouracil (5 FU)—apoptosis induction; effective for superficial lesions.
¢ Imiguimod 5%—immune response modifier; useful for field therapy.
¢ Diclofenac 1%—anti inflammatory; suitable for sensitive areas.
Physical Modalities
¢ Cryotherapy—Iiquid nitrogen application; simple and widely available.
e Photodynamic therapy (PDT)—5 aminolevulinic acid (ALA) or methyl pyridinium porphyrin (MAL)
photosensitizers; excellent for field cancerization.
e Electrodessication and curettage (EDC)—mechanical removal; best for isolated lesions.
Surgical Options
* Mohs micrographic surgery—gold standard for high grade lesions or those in cosmetically sensitive areas.
e Excisional biopsy—used for diagnostic confirmation and removal of suspicious lesions.
Follow Up and Surveillance

¢ Annual skin examination for patients with multiple or high grade AKs.



* Dermoscopic monitoring of lesions that are not immediately treated.
e Patient education on sun protection, sunscreen use, and avoidance of peak UV hours.

Emerging Therapies and Future Directions
Immunotherapy

Checkpoint inhibitors (e.g., PD 1/PD L1 antagonists) are being explored for field therapy in high grade AK and early
SCC. Early trials show promise in reducing recurrence rates post treatment.

Gene Editing
CRISPR/Cas9 technology targeting p53 mutations may offer a curative approach by restoring normal cell cycle
control. While still experimental, this strategy could revolutionize AK management.

Advanced Imaging
Reflectance confocal microscopy (RCM) and optical coherence tomography (OCT) provide
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