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Actinic keratosis (AK) is characterized by a prolifera-
tion of atypical keratinocytes in the epidermis. AK 
occurs mainly in middle-aged and older, fair-skinned, 
subjects, and is related to chronic exposure to ultraviolet 
light (UV) (1). Non-melanoma skin cancers (NMSCs) 
(i.e. basal cell carcinoma (BCC) and squamous cell 
carcinoma (SCC)) are the most common type of skin 
cancers. The rate of progression from AK to SCC is va-
riably reported as 0.25–20% per year (2, 3). Few studies 
have examined the incidence of NMSCs and malignant 
melanoma (MM) among Asian patients with an initial 
diagnosis of AK, as assessed through long-term follow-
up. This study analysed the incidence of AK and the 
risk of skin cancer in patients with AK based on data 
obtained from the National Health Insurance System 
(NHIS) in South Korea. 

MATERIALS AND METHODS
This study utilized nationwide data from January 2006 through 
December 2015. Data were analysed from patients over 40 years 
of age who visited clinics or hospitals with a diagnostic code 
(International Classification of Diseases 10th revision; ICD-10) of 
AK (L570) more than once in a given year. A detailed description 
of the data source and methodology of this retrospective study is 
given in Appendix SI1.

RESULTS

The total number of NHIS registrations involving indi-
viduals > 40 years of age in the period 2006 to 2015 was 
229 millions. The corresponding number of patients with 
AK was 77,975 (Table SI1). The incidence rate increased 
from 17.94 to 53.99 per 100,000 person-years between 
2006 and 2015. After adjusting for age, the incidence also 
increased strikingly, from 19.57 to 52.86 per 100,000 
person-years, between 2006 and 2015. We also analysed 
AK patients aged 40 years or older in 2015 (Table SII1). 
The incidence rates of AK per 10,000 person-years in-
creased consistently with age (Table SII1 and Fig. S11). 
It is notable that the incidence rate increased sharply for 
persons in their 70s (Fig. S11). In 2015, the prevalence of 

AK per 10,000 people was 1.95, 4.00, 9.43, 21.90, and 
31.81, for persons aged in their 40s, 50s, 60s, 70s, and 
80s, respectively. 

Patients diagnosed with AK between 2006 and 2014 
were followed up until 2015. Our analysis included 
63,935 subjects who were diagnosed with AK (Table 
I). Of these AK patients, follow-up revealed 464 cases 
that had developed in situ SCC (Bowens disease; BD) 
983 cases with NMSC, and 71 cases with MM in their 
80s. The hazard ratio (HR) for individuals developing 
skin cancer was evaluated in patients with AK, with the 
reference age range of 40–49 years. The HR for BD, 
NMSC, and MM was 9.25, 3.95, and 5.82, respectively, 
in patients with AK between the ages of 70 and 79 years. 
In patients with AK aged 80 years or older, the HR for 
BD, NMSC, and MM was 14.18, 5.69, and 7.47, respec-
tively. In addition, the HR for subjects who develop skin 
cancer was higher in women than in men. 

DISCUSSION

AK is a common potentially premalignant disease, and 
occurs mostly on areas of the skin with high levels 
of exposure to the sun. Age, male sex, skin type, and 
cumulative exposure to the sun are considered inde-
pendent risk factors for AK (4). In this large study, the 
incidence of AK increased from 19.57 in 2006 to 52.86 
per 100,000 person-years in 2015. The present study 
showed that the incidence of AK in South Koreans was 
much lower than that of the Western population (5, 6). 
This difference is thought to be due to differences in 
skin types, or geographical areas, ethnicity or lifestyle. 
Consistent with previous reports, this study showed that 
the incidence and prevalence of AK increased notably 
with age (7–9). 

AK, BD and SCC have been shown to share a com-
mon pathomechanism, which includes a mutation in 
the p53 gene (10). Previous reports have shown that 
65–72% of cutaneous SCCs arise from AKs in Cauca-
sians (11, 12). In a recent systematic review, progres-
sion rates of AK to SCC were shown to be 0~0.075% 
per lesion-year (3). BCC developed in 36% of lesions 
diagnosed clinically as AKs in the USA (12). Foote et 
al. (13) reported that the estimated incidence of BCC 
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and SCC in adults with AK in the USA was 0.041 and 
0.032 per person-year, respectively. In a systematic 
meta-analysis of observational studies of melanoma, 
the pooled estimated relative risk of actinic damage 
indicator in MM was 2.02 (95% CI: 1.24–3.29) (14). 
The authors of that study suggested that a shared in-
ternal pathway may explain the association between 
AK and the increased risk of melanoma. Chen et al. 
(15) reported that there was a 6-fold increase in risk 
of NMSC or MM in people with AK compared with 
people without AK in the USA. They suggested that 
older white males with a history of AK represented a 
group at high risk of developing skin cancer (15). In the 
current study involving an Asian population, the risk 
of skin cancer was higher in women with AK than in 
men with AK. In addition, the risk of BD, NMSC and 
MM increased significantly in the patients with AK in 
their 70s or 80s compared with the patients with AK 
in their 40s. 

A limitation of this study is that it was not known 
whether skin cancer occurred at the same location where 
the AK developed initially. There was no analysis of the 
site of the lesions, the number of lesions, or AK subtype. 
Despite these limitations, our results suggest that analysis 
of data gathered from national surveys may be useful 
for investigating the incidence of AK and the risk of 
developing malignancy associated with AK. Since the 
incidence of AK and the risk of skin cancers in patients 
with AK increases with old age, early diagnosis and im-
mediate treatment of AK is important.
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Table I. Incidence of Bowen’s disease, non-melanoma skin cancer, and malignant melanoma in patients with actinic keratosis

Bowen’s disease Non-melanoma skin cancer Malignant melanoma

Events Hazard ratio 95% CI Events Hazard ratio 95% CI Events Hazard ratio 95% CI

Total 1,711 3,356 160
Age 
  40–49 years   55  1.000   61 1.000 3 1.000
  50–59 years 142 2.308 1.699–3.136 192 1.464 0.596–2.897 8 1.265 0.884–4.200
  60–69 years 297 5.256 3.956–6.983 560 2.426 0.914–4.599 9 2.765 1.809–7.997
  70–79 years 689 9.249 7.013–12.199 1,402 3.952 1.427–7.320 47 5.822 3.698–15.957
  80–89 years 464 14.181 10.728–18.747 983 5.685 2.088–10.629 71 7.470 4.799–20.890 
Sex
  Male 479 1.000    942 1.000 46 1.000
  Female 1,232 1.373 1.233–1.528 2,414 1.324 1.227–1.429 114 1.232 0.871–1.744

REFERENCES
1.	Ortonne JP. From actinic keratosis to squamous cell carci-

noma. Br J Dermatol 2002; 146 Suppl 61: 20–23.
2.	Callen JP, Bickers DR, Moy RL. Actinic keratoses. J Am Acad 

Dermatol 1997; 36: 650–653.
3.	Werner RN, Sammain A, Erdmann R, Hartmann V, Stockfleth 

E, Nast A. The natural history of actinic keratosis: a syste-
matic review. Br J Dermatol 2013; 169: 502–518.

4.	Harvey I, Frankel S, Marks R, Shalom D, Nolan-Farrell M. 
Non-melanoma skin cancer and solar keratoses II analytical 
results of the South Wales Skin Cancer Study. Br J Cancer 
1996; 74: 1308–1312.

5.	Warino L, Tusa M, Camacho F, Teuschler H, Fleischer AB Jr, 
Feldman SR. Frequency and cost of actinic keratosis treat-
ment. Dermatol Surg 2006; 32: 1045–1049.

6.	Frost C, Williams G, Green A. High incidence and regression 
rates of solar keratoses in a queensland community. J Invest 
Dermatol 2000; 115: 273–277.

7.	Frost CA, Green AC. Epidemiology of solar keratoses. Br J 
Dermatol 1994; 131: 455–464.

8.	Green A, Beardmore G, Hart V, Leslie D, Marks R, Staines D. 
Skin cancer in a Queensland population. J Am Acad Dermatol 
1988; 19: 1045–1052.

9.	Engel A, Johnson ML, Haynes SG. Health effects of sunlight 
exposure in the United States. Results from the first National 
Health and Nutrition Examination Survey, 1971–1974. Arch 
Dermatol 1988; 124: 72–79.

10.	Ratushny V, Gober MD, Hick R, Ridky TW, Seykora JT. From 
keratinocyte to cancer: the pathogenesis and modeling of 
cutaneous squamous cell carcinoma. J Clin Invest 2012; 
122: 464–472.

11.	Czarnecki D, Meehan CJ, Bruce F, Culjak G. The majority of 
cutaneous squamous cell carcinomas arise in actinic kera-
toses. J Cutan Med Surg 2002; 6: 207–209.

12.	Criscione VD, Weinstock MA, Naylor MF, Luque C, Eide MJ, 
Bingham SF, et al. Actinic keratoses: natural history and risk 
of malignant transformation in the Veterans Affairs Topical Tre-
tinoin Chemoprevention Trial. Cancer 2009; 115: 2523–2530.

13.	Foote JA, Harris RB, Giuliano AR, Roe DJ, Moon TE, Cartmel 
B, et al. Predictors for cutaneous basal- and squamous-cell 
carcinoma among actinically damaged adults. Int J Cancer 
2001; 95: 7–11.

14.	Gandini S, Sera F, Cattaruzza MS, Pasquini P, Zanetti R, Masini 
C, et al. Meta-analysis of risk factors for cutaneous mela-
noma: III. Family history, actinic damage and phenotypic 
factors. Eur J Cancer 2005; 41: 2040–2059.

15.	Chen GJ, Feldman SR, Williford PM, Hester EJ, Kiang SH, 
Gill I, et al. Clinical diagnosis of actinic keratosis identifies 
an elderly population at high risk of developing skin cancer. 
Dermatol Surg 2005; 31: 43–47.


