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Skin cancer which includes melanoma and 
non-melanoma (basal cell and squamous cell 
carcinomas) is the most common type of 
neoplasia in the world with more new skin 
cancer cases been seen each year than the 
new incidences of breast, prostate, lung, and 
colon cancers combined.1,2 According to the 
Skin Cancer Foundation, 20% of Americans 
will develop this condition in their life time.3 
Skin cancer carries a huge health burden, 
which brings the need for exploring 
chemoprevention strategies as a mean of 
combating this type of cancer.   
     

One approach of chemoprevention that has 
been explored for various cancers is 
controlling the associated inflammation. 
Chronic inflammation is a critical component 
of cancer progression, and there is 
epidemiological evidence that supports the 
theory that there is an extrinsic inflammatory 
pathway that promotes and in certain cases 
initiates cancer.4 The prolonged exposure to 
inflammatory mediators including the 
metabolites of arachidonic acid, chemokines, 
cytokines, and free radicals leads to elevated 
cellular proliferation and mutagenesis, and 
the activation of oncogenes, which have the 
potential to cause cancer. On the other hand, 
cancer can also cause inflammation by 
promoting the over expression of the 
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cyclooxygenase (COX)-2 enzyme and pro-
inflammatory mediators, which at later stages 
of tumor growth become controlled by the 
tumors themselves.5 The over expression of 
COX-2 due to solid malignancies has been 
reported in many studies for colon, prostate, 
breast, pancreas, and other types of cancer, 
which suggests a role for COX-2 inhibitors in 
the treatment plan for cancer patients.6 

 
Non-steroidal anti-inflammatory drugs 
(NSAIDs) are a class of medication that have 
antipyretic, analgesic, and anti-inflammatory 
properties. NSAIDs exert their 
pharmacological effects through their 
inhibitory action on the COX enzymes (COX-
1, COX-2), which are responsible for 
biosynthesis of both prostaglandin and 
prostanoids.7 NSAID can be classified 
according to the degree of COX inhibition into 
non-selective NSAIDs such as aspirin, 
naproxen, or diclofenac, and selective COX-
2 inhibitors like celecoxib, meloxicam, etc. 
Moreover, NSAIDs can be categorized from 
chemical perspective such as propionic acid 
derivatives, acetic acid derivatives, enolic 
acid derivatives and so on.8 

 

The chronic use of most of these agents has 
been linked to increase in gastrointestinal 
(GI) and cardiovascular risks, which seem to 
be related to the extent of COX-2 selectivity 
of the different agents, as well as the doses 
used.9 Nevertheless, given that their GI and 
cardiovascular toxicities are modest 
especially when compared to other 
chemotherapeutic agents, NSAIDs have 
been investigated for chemoprevention. In 
fact, various epidemiologic studies have 
provided evidence of protective effect for 
these agents in various cancers which 
include cancers of the breast, colon, 
esophageal, stomach, prostate and lung.10-15 
In this report, we provide a review of the role 
of these agents in the chemoprevention of 
non-melanoma skin cancers. 

 
 

 
 
Non-Melanoma Skin Cancer 
 
Non-melanoma skin cancers (NMSC) 
includes basal cell Carcinomas (BCCs) and 
squamous cell carcinomas (SCCs) both of 
which account for around 80% and 16% of all 
skin cancers, respectively.16 Epidemiological 
data suggest solar UV radiation to be a major 
causative factor of both BCCs and SCC, and 
chronic sun exposure is considered to be the 
leading environmental risk factor for the 
development of NMSC.17 In addition to its 
role in causing oxidative DNA damage and 
initiating p53 mutations, UV radiation is an 
inflammatory stimuli which leads to the 
cutaneous production of various 
inflammatory mediators including 
prostaglandins and other metabolites of 
arachidonic acid.18 
 
NMSC Studies in Experimental Animal 
Models and Skin Cell Lines 
 
There is growing evidence that there is an 
extrinsic inflammatory pathway, involving 
COX enzymes which promotes and in certain 
cases initiates NMSC. The association 
between COX-2 and carcinogenesis was 
investigated by Marks et al, who used a 
mouse skin model for multistage 
carcinogenesis and identified COX-2 as an 
endogenous tumor promoter and found its 
overexpression to be a risk factor for cancer 
development.19 This association for the two 
types of NMSC was further studied by An et 
al who used immunohistochemical staining of 
COX-2 and observed an overexpression of 
COX-2 in human and murine actinic 
keratosis, SCC and BCC samples as well as 
during UVB irradiation of mice.20 Similar 
overexpression of COX-2 with UV exposure 

REVIEW 



SKIN 
 

September 2023     Volume 7 Issue 5 
 

(c) 2023 THE AUTHORS. Published by the National Society for Cutaneous Medicine. 978 

was observed by Buckman et al, who found 
an increase in COX-2 and prostaglandin 
PGE2 expression in human keratinocytes 
after an in-vitro irradiation with UVB, with the 
COX-2 levels showing a sixfold increase.21 
Higashi et al found an enhanced expression 
of COX-2 as well as PGE2 in two human skin 
cancer cell lines, a cutaneous SCC, HSC-5, 
and eccrine carcinoma, ErCa, compared to 
that in a non-cancerous immortalized human 
keratinocyte cell line, HaCaT.22 PGE2 inhibits 
apoptosis and therefore is thought to play a 
central role in tumorigenesis. They further 
experimented with a COX-2 antisense 
oligonucleotide and a selective COX-2 
inhibitor and found two possible signal 
pathways that involve COX-2 in regulating 
cell transformation, one of which depends on 
PGE2. 
 
In addition to upregulating COX-2, UV 
exposure is also linked with the activation of 
the transcription activator protein-1 (AP-1), a 
transcription factor known to be constitutively 
activated in SCC and has a functional role in 
skin cancer promotion.18 This was 
demonstrated for UVA by Silvers et al who 
found that irradiation of the immortalized 
keratinocyte cell line, HaCaT, with UVA 
resulted in an increase in AP-1 
transactivation and the expression of c-Fos, 
which is found to be overexpressed in a 
variety of cancers.23 Chen et al showed an 
increase in AP-1 in the same cell line during 
irradiation with UVB.24 The inhibition of AP-1 
medicated activity has been demonstrated to 
reduce carcinogenesis in mouse epidermal 
cells, making inhibition of AP-1 a target for 
therapy. 
 
These findings warranted exploring the effect 
of NSAIDs, including their COX-2 inhibitory 
effect and their effect on AP-1, on the 
development of NMSC cancer. A study on 
the COX-2 related effect was considered by 
Pentland et al, who used an animal model to 

understand the effect of COX-2 inhibition on 
the reduction of NMSC induced by UV light in 
hairless mice.25 Their results showed that 
COX-2 inhibition with celecoxib was effective 
in preventing new tumor formation.   Fischer 
et al also showed a dose dependent 
decrease in UV-induced skin tumor yield with 
the use of celecoxib or indomethacin in 
SKH:HR-1-hrBr hairless mice. They 
observed a reduction in prostaglandin 
synthesis with both agents, but failed to 
observe any alteration in the COX-2 
expression.26 In another study, Orengo et al 
showed that, both a low dose of celecoxib 
(equivalent to 200 mg human dose) and a 
high dose (equivalent to 400 mg human 
dose) were effective in lengthening the tumor 
latency period and in reducing its multiplicity 
in SK-HR-1 female hairless mice.27 Other 
NSAIDs have also shown similar promising 
results in animal models. Mikulec et al found 
that Sulindac at a dose of 25 and 150 ppm 
were effective in reducing UV-induced tumor 
multiplicity by 50% and 94%, respectively, in 
SKH-1 hairless mice. In the same study, 
Naproxen at 100 and 400 ppm caused a 
reduction of tumor multiplicity by 26% and 
63%, respectively.28   
 
NSAIDS were also shown to have a 
chemoprotective role in NMSC through their 
effect on AP-1.  Ma et al demonstrated that 
aspirin inhibited AP-1 activity through the 
inhibition of the activation of JNK in JB6 
cells.29 This marked block of UV induced AP-
1 in murine epidermis establishes a role for 
aspirin in the chemoprevention of NMSC.  
 
Population-Based NMSC Studies 
 
The role of NSAIDs in the chemoprevention 
of various cancers has been investigated and 
promising results have been found for certain 
type of cancers; however clinical data on the 
role of these agents with regards to non-
melanoma cancers has been mixed. In the 
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absence of large scale randomised clinical 
trials which assess the risk of NMSC with 
NSAID use, evidence from other studies 
including population based case control or 
cohort studies have been examined.     
 
The chemoprevention effects of celecoxib 
have been examined in a randomized clinical 
trial which included 240 actinic keratosis 
patients.30 Celecoxib, at a daily dose of 400 
mg for 9 months resulted in a reduction in the 
risk of developing NMSC (RR = 0.41, 95% CI 
0.23-0.72) in this patient group, and in 
particular a reduction in the risk of developing 
BSC (RR = 0.40, 95% CI 0.18-0.93) and 
SCCs (RR = 0.42, 95% CI 0.19- 0.93). Thus, 
the study showed great potential for 
celecoxib in the chemoprevention of high risk 
individuals with extensive actinic damage. 
Similar risk reduction was observed with the 
long use of other NSAIDS in the prevention 
of recurrent NMSC. 
 
A meta-analysis which included 8 case-
control studies with 21,356 patients and 
187,037 controls and 5 cohort studies with a 
population of 294,377 found aspirin at a 
range of doses (50-400 mg) to have a 
significant effect on skin cancer risk 
reduction; in particular, a continual use of low 
doses below 150 mg resulted in a reduced 
risk of non-melanoma skin cancers 
(OR, 0.97; CI, 0.95-0.99).31 Another meta-
analysis which examined 11 studies including 
a randomized controlled trial, 5 cohort 
studies, and 5 case control studies, found a 
reduction of about 10% among users of any 
NSAID (RR, 0.93 [95% CI, 0.86-1.02]).32 The 
association, however was not significant for 
either of aspirin users or the non-aspirin 
NSAIDs users. Another meta-analysis of 8 
studies also found NSAID use not to be 
significantly associated with a risk reduction 
of either SCC or BCC.33 

 

A case control within a community based 
cohort of 1621 people in Australia which 
included 86 SCC patients and 187 matched 
controls found that patients of SCC were less 
likely to have used full dose of an NSAID at 
least twice per week for at least a year. 
Among the participants without SCC, the 
regular use of an NSAID of at least twice per 
week significantly lowered counts of AK 
compared to non-users (rate ratio of 0.52; 
95% CI, 0.30-0.91).34 

 
In a population based case control in the UK 
which examined 65,398 patients with BCC 
and 7,864 patients with SCC, the authors 
could not find a statistically significant relation 
between the use of NSAIDs and the risk off 
BCC.35 This was also true for the subgroups 
which included users of aspirin or non-aspirin 
NSAIDs. The long use of Ibuprofen, on the 
other hand, was associated with a risk 
reduction of BCC (OR 0.85, 95% 0.77-0.94) 
which was more pronounced when limited to 
patients who used ibuprofen as the only 
NSAID (OR: 0.61, 95% CI: 0.48–0.78). The 
long term use of aspirin as the only NSAID 
was associated with a slight risk reduction of 
BCC, while that of selective cox-II inhibitors 
seems to have increased the risk of BCC (OR 
2.52, 95% CI, 1.05–6.02).  
 

 
 
Nonsteroidal anti-inflammatory drugs 
(NSAIDs) have been widely used to control 
pain and inflammation in various conditions 
and several NSAID agents are on the world 
health organization’s list of essential 
medicine for several countries. Their activity 
in chronic inflammation, especially their role 
in the inhibition of the synthesis and activities 
of several key inflammatory mediators have 
posed them as candidates to research in the 
prevention and treatment of various cancers. 
As a matter of fact, NSAID use for 
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chemoprevention have been explored for 
various cancer types, and good promising 
results have been found. In particular, 
several in vitro studies and in vivo studies 
using experimental animal models have 
shown a chemoprotective role for these 
agents in NMSC through their role in the 
reduction of COX-2 activities and PGE2 
expression and their effect on AP-1. 
Furthermore, several population-based 
studies have revealed a role for these agents 
in the risk reduction of NMSC when taken at 
the approved range of doses.   Further large 
scale randomised clinical trials are needed to 
further explore this role. 
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