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Abstract

Introduction
Despite the recent advent of molecular targeted-based (1)
and immunological-based (2, 3) therapeutics, most
patients with metastatic melanoma ultimately succumb to
their disease (4). It is clear that melanoma prevention (or
early detection) is favorable to melanoma therapy for
advanced disease. Skin screening (i.e., secondary prevention) has traditionally been targeted to patients at highest
risk—namely those with personal or family history of
melanoma, and those with numerous and/or atypical melanocytic nevi (moles; ref. 5). Population-based melanoma
screening may also be an effective approach, as illustrated by
recent efforts in Germany (6). Nevertheless, screening is not
currently universally implemented and melanoma detection may be delayed even in patients under surveillance (7).
Chemoprevention (i.e., primary prevention), in which a
drug is administered chronically for the purpose of reducing
melanoma risk, would be highly desirable if a safe and
effective approach could be developed. Sunscreen may
represent a viable chemopreventive agent for melanoma,
as Green and colleagues (8) demonstrated melanoma development was reduced by half in sunscreen users in a pro-
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Melanoma incidence is increasing and, despite recent therapeutic advances, the prognosis for patients
with metastatic disease remains poor. Thus, early detection and chemoprevention are promising strategies
for improving patient outcomes. Aspirin (acetylsalicylic acid) and other nonsteroidal anti-inflammatory
drugs (NSAID) have demonstrated chemoprotective activity in several other cancers, and have been
proposed as chemopreventive agents for melanoma. Throughout the last decade, however, a number of
case–control, prospective, and interventional studies of NSAIDs and melanoma risk have yielded conflicting
results. These inconsistent findings have led to uncertainty about the clinical utility of NSAIDs for melanoma
chemoprevention. This mini-review highlights current knowledge of NSAID mechanisms of action and
rationale for use in melanoma, provides a comparative review of outcomes and limitations of prior studies,
and discusses the future challenges in demonstrating that these drugs are effective agents for mitigating
melanoma risk. Cancer Prev Res; 7(6); 557–64. 2014 AACR.

spective randomized trial. Relying on sunscreen alone,
however, may be inadequate as it is often not applied as
recommended (9) and products designed to prevent sunburn may not block all potentially carcinogenic ultraviolet
wavelengths or protect against other deleterious effects of
sun exposure.
Several oral agents have been considered for melanoma
chemoprevention (10). These include antioxidants such as
epigallocatechin-3-gallate, found in green tea, which inhibited B16 melanoma metastasis in syngeneic mice (11); Nacetylcysteine, approved for patients with acetaminopheninduced oxidative liver damage, which delayed the onset
of UV-induced melanoma in mice (12); and selenium,
required for selenoprotein-containing antioxidants, which
had chemoprotective effects against UV-induced melanoma
in mice (13). Other proposed agents for melanoma chemoprevention include dietary supplements such as b-carotene, vitamin E, resveratrol, lycopene, flavonoids and
grape seed extract, and various lipid-lowering drugs (14).
None of these agents, however, have consistently demonstrated positive effects in human trials.
There is considerable rationale for use of anti-inflammatory drugs for cancer chemoprevention. Indeed, chronic
administration of aspirin (acetylsalicylic acid, ASA) and/or
other nonsteroidal anti-inflammatory drugs (NSAID) has
been shown to reduce risk of gastric (15), colon (16), breast
(17), and prostate cancer (18) in humans. With respect to
melanoma, however, there have been conflicting results
regarding NSAID use and melanoma risk. The recent report
by Gamba and colleagues (19) from the Women’s Health
Initiative demonstrating a 20% reduction in melanoma
incidence in women taking ASA has renewed interest in
the potential chemopreventive benefit of ASA to reduce
melanoma risk. Here, we review potential mechanisms of
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NSAID action and rationale for their use in melanoma, the
outcomes and limitations of studies performed, and discuss
the future challenges of demonstrating that these drugs are
effective agents for melanoma chemoprevention.

NSAID Mechanism of Action and Rationale for
Use in Melanoma Prevention

COX-dependent mechanisms
Prostaglandin-endoperoxide synthase, or cyclooxygenase
(COX) is an enzyme with multiple isoforms (COX-1, COX2) that is responsible for catalyzing the conversion of
arachidonic acid to prostaglandins. Although COX-1
expression tends to be constitutive, COX-2 is upregulated
in inflammatory states and cancer (20). It is well known that
NSAIDs inhibit the enzymatic activity of COX isozymes 1
and 2 by directly competing with arachidonic acid for the
enzymes’ active sites (21). ASA can also irreversibly inhibit
COX activity by acetylating the N-terminal serine residue in

COX-independent mechanisms
Although early reports indicated that the anticancer
effects of NSAIDs were related to COX inhibition, there is
a growing body of evidence suggesting that NSAIDs also
mediate anticancer activities independent of COX inhibition (31). For instance, some NSAIDs have been shown to
inhibit activation of NF-kB (32, 33), a complex pathway
implicated in apoptosis inhibition (34), cellular adhesion
(35), and promotion of metastasis (36). Other evidence
suggests that NSAIDs and their derivatives that lack the
capacity to inhibit COX isozymes may abrogate cancer
progression by downregulating b-catenin (37) or inhibiting
its transcriptional activity (38). In addition, metabolites of
some NSAIDs (such as sulindac) that lack COX-inhibitory
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Figure 1. NSAIDs modulate COXdependent and COX-independent
cancer-related pathways. By
directly inhibiting COX enzymes,
NSAIDs block the catalytic
conversion of arachidonic acid to
prostaglandins, and decrease the
presence of prostaglandin E2,
which is implicated in various
behaviors of cancer cells such as
invasion, proliferation, and
angiogenesis. NSAIDs may also
have anticarcinogenic effects by
blocking activation of NF-kB and
by downregulating b-catenin.
These NSAID-mediated activities
result in apoptosis, diminish cell
proliferation, and may block
epithelial-to-mesenchymal
transition.
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There is considerable evidence that NSAIDs exert activity
against multiple cancer cell types in vitro. As the specific
activities of NSAIDs have been defined in greater detail, it is
now clear that NSAIDs may function through several pathways, affecting both canonical and noncanonical targets.
Here, we briefly review the major mechanisms and anticancer activities of NSAIDs (Fig. 1), and their potential
relevance to melanoma.

the domain of the enzymatic active site (22). This inhibition
of COX enzymes decreases the catalytic production of
prostaglandins, which are endogenous signaling molecules
that play critical roles in pain, inflammation, hemostasis,
protection of gastric mucosa, and other cellular and systemic processes. Selective COX-2 inhibitors (i.e., celecoxib)
were developed to target inflammation and pain while not
compromising COX-1-mediated activities such as protection of gastric mucosa. Prostaglandin E2 (PGE2) synthesis is
particularly relevant to cancer cell processes, as PGE2 is
involved in angiogenesis (23, 24), proliferation (25, 26),
migration and invasion (27–29), and metastasis (30).

NSAIDs and Melanoma Risk

activity downregulate EGF receptor signaling (39) and exert
chemopreventive activity in animal models (40). These
COX-independent activities may potentially allow development of agents with chemotherapeutic efficacy while
circumventing the toxic effects of NSAIDs because of COX
inhibition.

Over the past decade, a number of studies examining the
potential association between NSAID use and melanoma
risk have yielded conflicting results. These various case–
control, prospective, and interventional studies are summarized in Table 1.
Case–control studies
Among the case–control studies there is a wide range of
findings, with some studies reporting low relative risk and
others reporting high relative risk in NSAID users. For
instance, Harris and colleagues (48) reviewed 110 women
with melanoma and 609 female controls and determined
the relative risk of melanoma for persons taking regularly
taking nonselective NSAIDs to be 0.45. Similarly, CurielLewandrowski and colleagues (49) reported a decreased risk
of melanoma (OR, 0.73) associated with "ever use" of
NSAIDs in a study of 400 melanoma and 600 control cases.
Further corroborating these findings, Johannesdottir and
colleagues (50) reported a risk reduction (incidence rate
ratio 0.87) for "ever use" of NSAIDs in a study of 3,242
melanoma cases with 32,400 matched controls. Alternatively, Asgari and colleagues (51) and Vinogradova and
colleagues (52) reported no association between melanoma
development and NSAID use.
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Melanoma-specific effects of NSAIDs
COX-2 may be a reasonable target in melanoma, as it is
generally not expressed in benign melanocytic nevi but is
highly expressed in most melanomas (41, 42). Analysis of
primary and metastatic melanoma lesions revealed
increased COX-2 expression with melanoma progression
(43), and that high COX-2 expression correlates inversely
with patient survival (44). In addition, NF-kB, which is
inhibited by NSAIDs as described above, may also be
targeted because it is activated in melanoma compared with
normal melanocytes (45). Vad and colleagues (46)
observed toxicity of ASA in melanotic (but not amelanotic)
melanoma cell lines, which was attributed to oxidation of
ASA by tyrosinase and generation of reactive oxygen species.
Similarly, Albano and colleagues (47) observed enhanced
apoptosis in melanoma lines treated with diclofenac that
increased intracellular reactive oxygen species and mitochondrial dysfunction, but found no significant effects on
normal fibroblasts.

Conﬂicting Results from Clinical Studies

Table 1. Summary of studies on NSAID use and melanoma risk
Study

Cases/controls Drug

Case–control
Johannesdottir et al. (50)
Vinogradova et al. (52)
Jeter et al. (54)

3,242/32,400
3,249/16,000
327/119

Curiel-Lewandrowski et al. (49) 400/600
Joosse et al. (53)
1,318/6,786

Risk

IRR ¼ 0.87
OR ¼ 1.05
OR ¼ 1.45 (ASA),
0.71 (other NSAID)
OR ¼ 0.73
OR ¼ 0.54
(women only)
All NSAIDs, ever use HR ¼ 0.99
Nonselective NSAIDs, RR ¼ 0.45
regular use

All NSAIDs, ever use
COX-2 inhibitors
Current ASA, non-ASA
NSAID use
All NSAIDs, ever use
Daily ASA

Limitations
Dispensed drugs only
Dispensed drugs only
Self-reported drug administration,
small sizes
Small sample sizes
Small subgroup sizes

Asgari et al. (51)
Harris et al. (48)

349/63,809
110/609

Prospective
Gamba et al. (19)

548/59,806

ASA, regular use

HR ¼ 0.80

Jeter et al. (57)

658/92,125

Jacobs et al. (56)

190/146,113

Sorenson et al. (55)

167/172,057

Current ASA, non-ASA
NSAID use
325 mg ASA or
no drug use
All NSAIDs

RR ¼ 1.32 (ASA),
0.96 (other NSAID)
RR ¼ 0.99
Self-reported drug administration,
confounding variables
SIR ¼ 1.0
Dispensed drugs only, confounding
variables

Interventional
Cook et al. (58)

138/39,876

100 mg ASA QOD vs. RR ¼ 0.97
placebo

Self-reported drug administration
Small sample sizes

Self-reported drug administration,
only postmenopausal Caucasian
females
Only Caucasian females

Confounding variables, likely
insufﬁcient dosing

Abbreviations: IRR, incidence rate ratio; QOD, every other day; RR, relative risk; SIR, standardized incidence ratio.
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Others have reported significant findings within subgroups such as gender and drug type. For instance, Joosse
and colleagues (53) concluded that continuous, low dose
(30–100 mg/d) ASA was associated with significant reduction in melanoma risk for women but not for men (OR, 0.54
vs. OR, 1.01). In addition, Jeter and colleagues (54) found
that relative risk was decreased in non-ASA NSAID users but
increased in ASA users (OR, 0.71 vs. OR, 1.45) in a study of
327 melanoma cases and 119 controls.

Interventional studies
To our knowledge, there is only one randomized controlled clinical trial that examined ASA use and melanoma,
which supports the notion that regular use of ASA is not
associated with decreased risk. Cook and colleagues (58)
conducted a trial of 39,876 women randomized to 100 mg
of ASA or placebo every other day for an average of 10 years
in the Women’s Health Study. There was no significant risk
reduction for melanoma (relative risk 0.97) or other cancers, although lack of effect on colon polyps suggested that
the dosage of 100 mg every other day may not have been
sufficient to observe potential chemoprotective effects.
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Although some studies have particular advantages over
others, each also has distinct limitations that are important
to consider when evaluating their conclusions regarding
NSAID use and melanoma risk. Understanding these limitations, which are summarized in Table 1, may help us
account for some of the variability in the reported results
and construct a unified plan for future studies.
One major limitation of many studies is that limited
sample size necessarily constricts statistical power in the
NSAID-user subgroups, which may, in some cases, have been
combined to improve statistical power. Loss of potential
subgroups may result in forfeiting resolution among the
subjects in terms of drug dosage and duration. For instance,
some studies categorize NSAID users by number of pills taken
per week or number of patient prescriptions, but not by
absolute dosage of the drug (19, 48, 49, 52–55, 57), whereas
others (50, 51, 56, 58) were able to retain these dosage
subgroups. This lack of uniformity in considering individual
NSAID drugs and dosages might be a critical contributing
factor in the variation observed in reported results. Moreover,
some studies relied on patient-reported drug use, which may
not be accurate. Another major limitation in some studies is
the selection of study subjects. Although some studies were
population-based (48–50, 52, 55), others were restricted to
specific patient populations enrolled in larger studies
(19, 51, 53, 54, 56–58). For example, the recent study by
Gamba and colleagues (19) was restricted to postmenopausal Caucasian women. A final limitation to consider is the
potential for residual confounding factors. For example,
although some studies controlled for sun exposure history
(19, 48, 49, 51, 54, 57), others did not (50, 52, 53, 55, 56, 58).
Similar discrepancies are found among these studies in
controlling for other important confounding variables like
smoking, body mass index, number of nevi and atypical nevi,
history of melanoma, and other potential melanoma risk
factors. These variations within study design are often
unavoidable, but may contribute substantially to the variety
of clinical results that have been reported.

Toxicities Associated with Chronic NSAID Use
In considering any chemopreventive agent, one must
weigh potential benefits against potential risks or toxicities.
Although NSAIDs are generally safe when taken for short
periods of time and allergic reactions are uncommon (59),
chronic ingestion of any drug can be associated with some
rate of toxicity or unanticipated side effects. The most
serious long-term risks with NSAID use are gastrointestinal
bleeding and hemorrhagic stroke. A more common side
effect is peptic ulcer disease. A population-based study from
the United Kingdom involving more than 450,000 persons
found relative risk of peptic ulcer disease to be 2.9 with ASA
and 4.0 with other NSAIDs (60). Rarely, NSAIDs are associated with nephrotoxicity and hypertension, particularly
when combined with angiotensin-I converting enzyme
inhibitors. One study examined 2,278 patients treated
with NSAIDs, 328 with angiotensin-I converting enzyme
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Prospective studies
Conflicting findings also exist among prospective studies.
Sørensen and colleagues (55) found a significant protective
effect of NSAID use for colon, rectal, stomach, and ovarian
cancer, but not for melanoma in a large population-based
study. These findings were supported by a prospective study
by Jacobs and colleagues (56) that reviewed cancer incidence among 69,810 men and 76,303 women in the Cancer
Prevention Study II Nutrition Cohort over a 10-year period.
Participants self-reported daily administration of 325 mg
ASA and were compared with those with no reported use.
Among the ASA users there was no association with melanoma incidence (relative risk 1.15), but associations were
found for overall cancer in men, colorectal cancer, and
prostate cancer (relative risk 0.84, 0.68, and 0.81, respectively). In reviewing 92,125 Caucasian women in the
Nurse’s Health Study, Jeter and colleagues (57) did not find
an association between current use of non-ASA NSAIDs and
decreased incidence of melanoma as they did for "ever use"
of non-ASA NSAIDs in their previous study (54); they did,
however, report an increased risk of melanoma (relative risk
1.32) in ASA users, in agreement with their previous report.
Most recently, Gamba and colleagues (19) studied
59,806 postmenopausal women enrolled in the Women’s
Health Initiative. Participants were grouped into ASA users,
non-ASA NSAID users, and NSAID nonusers according to
self-report, and were followed for a median of 12 years.
Although there was no statistically significant association
between non-ASA NSAID users and melanoma risk (HR,
0.94), regular ASA use for 5 or more years was significantly
associated with reduced melanoma incidence (HR, 0.70).
Another interesting result was the effect of drug duration on
melanoma incidence. In participants using ASA less than 1
year, the HR was only 0.89, which decreased to 0.79 after 1
to 4 years, and finally to 0.70 after 5 years of ASA use.

Limitations of Prior Clinical Studies

NSAIDs and Melanoma Risk

Unanswered Questions and Future Directions
Many questions remain regarding the potential utility of
chronic ASA or other NSAID administration for melanoma
chemoprevention. Just as particular individuals will be
genetically predisposed or resistant to side effects, we expect
variability in the antineoplastic efficacy of NSAIDs among
individuals. Unfortunately, we are not aware of any genetic
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biomarkers to predict who is most likely to benefit from
chronic ASA use. Presumably, using the lowest effective
dose would minimize the side effects described above, but
the precise dosage and optimal frequency of administration
have not yet been defined. Furthermore, it cannot be
assumed that the optimal dose for ASA-mediated chemoprevention of melanoma will be the same as for other
cancers. Because the studies reviewed above involve different subject populations, it is also unclear who the ideal
subjects are. Another remaining question is the optimal age
at which melanoma chemoprevention should be initiated.
The recent study by Gamba and colleagues (19) showed that
melanoma risk reduction increased with duration of chemoprevention up to 5 years, yet it remains unknown if
greater duration translates into greater risk reduction. Ideally, one would begin a melanoma chemoprevention regimen for the optimal duration before the age of peak onset
(age range 50–70; ref. 75), although melanoma incidence is
also increasing in children and adolescents (76).
Presumably the greatest benefit to risk ratio will be for
those patients with highest likelihood of developing melanoma—namely those with prior personal history or significant family history of the disease, and those having
numerous or atypical melanocytic nevi (5). Such individuals are likely to have an inherent genetic susceptibility,
although in most cases it is undefined. By comparison,
chronic ASA usage for colon cancer chemoprevention has
been recommended for predisposed patients with Lynch
syndrome, but not the general population (77). Interestingly, this clinical recommendation is not without contention in the literature, as several studies have published
conflicting results regarding the efficacy of ASA in preventing colorectal cancers in both general subjects and those
with Lynch syndrome (78, 79).
Given the number of points of uncertainty, it is not
feasible to expect all of these questions to be answered in
randomized controlled trials, although the number of subjects could be reduced by enrolling patients with melanoma
risk factors. Nevertheless, large numbers of patients will be
required in any trial where melanoma diagnosis is the
endpoint. Unlike the case of colon cancer, where colon
polyps which are bona fide cancer precursors that can serve
as intermediate endpoints, it is unclear what (if any) markers would be similarly suitable for melanoma. Although
nevi are associated with melanoma risk and 20% of
melanomas arise from nevi (5), most nevi never progress
to melanoma (5) and thus changes in numbers of nevi
during a proposed study period may not reflect changes in
melanoma risk. Short of a randomized controlled trial, we
would advocate defining a disease-related mechanism or
target in an animal model that is modified by ASA or
another NSAID, which results in prevention or delay of
melanoma development. A subsequent study showing
modulation of that target or mechanism by the drug in a
group of human subjects would then be appropriate before
recommending its use for melanoma chemoprevention.
Although it is not feasible to screen for chemopreventive
activity in animals or humans, screening libraries of
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inhibitors, and 162 with both. No nephrotoxicity was
found in conjunction with monotherapy, but 3 cases of
reversible renal failure were found in conjunction with
combination therapy (61).
Of the NSAIDs currently available, the most studied is
ASA. A meta-analysis of 24 randomized trials in 66,000
subjects found a rate of gastrointestinal bleeding in subjects
taking ASA of 2.4% (vs. 1.42% for placebo), although there
seemed to be no correlation with dose (62). The average risk
of NSAID-associated gastrointestinal bleeding increases
from 1% to 3% to more than 5% in subjects older than
age 70 (without prior history of bleeding and not taking
corticosteroids or anticoagulants; refs. 63 and 64). In terms
of hemorrhagic stroke risk, a meta-analysis of 16 trials
involving more than 55,000 patients taking ASA (average
duration 37 months) found that although risk of myocardial infarction and ischemic stroke were reduced, risk of
hemorrhagic stroke was increased by about 0.1% (65).
Finally, many NSAIDs may increase the risk of adverse
cardiovascular events. A meta-analysis of 280 randomized
trials of NSAIDs versus placebo and 474 trials of one NSAID
versus another NSAID found that major coronary events
were increased by a coxib (relative risk 1.76), diclofenac
(relative risk 1.70), or ibuprofen (relative risk 2.22; ref. 66).
Compared with placebo, of 1,000 patients taking a coxib or
diclofenac for a year, 3 more had major cardiovascular
events, 1 of which was fatal (66). Naproxen did not significantly increase major vascular events (relative risk 0.93),
but heart failure risk was roughly doubled by all NSAIDs
(66). Thus, some NSAIDs may be safer to take chronically
than others, and selecting the optimal drug for melanoma
chemoprevention will require careful consideration of these
drug-specific effects to minimize the adverse effects of
chronic NSAID use.
Interestingly, specific genetic polymorphisms in several
genes have been associated with increased risk of side effects
in patients taking ASA (67). Two single nucleotide polymorphisms in COX-1 (A842G and C50T) confer increased
sensitivity to ASA (68). Genetic variants in several cytochrome p450 genes (CYP4F11, CYP2C9, CYP2D6; ref. 69)
and the eNOS gene (70) were significantly associated with
increased risk of ASA-associated gastrointestinal bleeding.
With respect to NSAID-associated peptic ulcer disease,
increased risk has been associated with genetic polymorphisms in genes encoding interleukin-1b and interleukin-1
receptor antagonist (71, 72), and TNF-a (73, 74). In this era
of personalized medicine, genetic testing may allow us to
predict which patients are less likely to have side effects with
chronic NSAID use and therefore, most suitable candidates
for a chemoprevention regimen involving NSAIDs.
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compounds could be a powerful unbiased in vitro approach
to define potential targets/mechanisms before testing candidate agents could be tested in animal models prior to
human studies. It will always be more expeditious, however,
to begin with drugs that already have a demonstrated safety
record in humans.

ized controlled trial in such high-risk patients offers the best
hope of minimizing confounding variables and determining whether chronic administration of a particular NSAID
can reduce melanoma risk, this would likely require a multiinstitutional effort. Demonstration of drug targeting in an
animal model of melanoma, with subsequent validation in
human studies, may be a more reasonable approach.

Conclusions
Disclosure of Potential Conﬂicts of Interest
No potential conflicts of interest were disclosed.

Grant Support
D. Grossman was supported in part by NIH grant CA166710, the
Department of Dermatology, and the Huntsman Cancer Foundation.
Received January 14, 2014; revised March 7, 2014; accepted March 24,
2014; published OnlineFirst April 2, 2014.

References
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

562

Flaherty KT, Puzanov I, Kim KB, Ribas A, McArthur GA, Sosman JA,
et al. Inhibition of mutated, activated BRAF in metastatic melanoma.
N Engl J Med 2010;363:809–19.
Hodi FS, O'Day SJ, McDermott DF, Weber RW, Sosman JA, Haanen
JB, et al. Improved survival with ipilimumab in patients with metastatic
melanoma. N Engl J Med 2010;363:711–23.
Razzak M. From ASCO-targeted therapies: anti-PD-1 approaches—
important steps forward in metastatic melanoma. Nat Rev Clin Oncol
2013;10:365.
Sullivan RJ, Lorusso PM, Flaherty KT. The intersection of immunedirected and molecularly targeted therapy in advanced melanoma:
where we have been, are, and will be. Clin Cancer Res 2013;19:
5283–91.
Goodson AG, Grossman D. Strategies for early melanoma detection:
approaches to the patient with nevi. J Am Acad Dermatol 2009;60:
719–35; quiz 36–8.
Waldmann A, Nolte S, Weinstock MA, Breitbart EW, Eisemann N,
Geller AC, et al. Skin cancer screening participation and impact on
melanoma incidence in Germany—an observational study on incidence trends in regions with and without population-based screening.
Br J Cancer 2012;106:970–4.
Printz C. Target: melanoma: skin cancer screenings hold promise to
reduce mortality rates, but usage of widespread screening lags.
Cancer 2013;119:2359–60.
Green AC, Williams GM, Logan V, Strutton GM. Reduced melanoma
after regular sunscreen use: randomized trial follow-up. J Clin Oncol
2011;29:257–63.
Jones SE, Saraiya M, Miyamoto J, Berkowitz Z. Trends in sunscreen
use among U.S. high school students: 1999–2009. J Adolesc Health
2012;50:304–7.
Uzarska M, Czajkowski R, Schwartz RA, Bajek A, Zegarska B, Drewa T.
Chemoprevention of skin melanoma: facts and myths. Melanoma Res
2013;23:426–33.
Taniguchi S, Fujiki H, Kobayashi H, Go H, Miyado K, Sadano H, et al.
Effect of (-)-epigallocatechin gallate, the main constituent of green tea,
on lung metastasis with mouse B16 melanoma cell lines. Cancer Lett
1992;65:51–4.
Cotter MA, Thomas J, Cassidy P, Robinette K, Jenkins N, Florell SR,
et al. N-acetylcysteine protects melanocytes against oxidative stress/
damage and delays onset of ultraviolet-induced melanoma in mice.
Clin Cancer Res 2007;13:5952–8.
Cassidy PB, Fain HD, Cassidy JP Jr., Tran SM, Moos PJ, Boucher KM,
et al. Selenium for the prevention of cutaneous melanoma. Nutrients
2013;5:725–49.

Cancer Prev Res; 7(6) June 2014

14. Francis SO, Mahlberg MJ, Johnson KR, Ming ME, Dellavalle RP.
Melanoma chemoprevention. J Am Acad Dermatol 2006;55:
849–61.
15. Ye X, Fu J, Yang Y, Gao Y, Liu L, Chen S. Frequency-risk and durationrisk relationships between aspirin use and gastric cancer: a systematic
review and meta-analysis. PLoS One 2013;8:e71522.
16. Chan AT, Arber N, Burn J, Chia WK, Elwood P, Hull MA, et al. Aspirin in
the chemoprevention of colorectal neoplasia: an overview. Cancer
Prev Res 2012;5:164–78.
17. Swede H, Mirand AL, Menezes RJ, Moysich KB. Association of regular
aspirin use and breast cancer risk. Oncology 2005;68:40–7.
18. Salinas CA, Kwon EM, FitzGerald LM, Feng Z, Nelson PS, Ostrander
EA, et al. Use of aspirin and other nonsteroidal antiinﬂammatory
medications in relation to prostate cancer risk. Am J Epidemiol
2010;172:578–90.
19. Gamba CA, Swetter SM, Stefanick ML, Kubo J, Desai M, Spaunhurst
KM, et al. Aspirin is associated with lower melanoma risk among
postmenopausal Caucasian women: the Women's Health Initiative.
Cancer 2013;119:1562–9.
20. Block KI. Inﬂammation, COX-2 inhibitors, and cancer. Integr Cancer
Ther 2005;4:3–4.
21. Vane JR, Flower RJ, Botting RM. History of aspirin and its mechanism
of action. Stroke 1990;21:IV12–23.
22. Van Der Ouderaa FJ, Buytenhek M, Nugteren DH, Van Dorp DA.
Acetylation of prostaglandin endoperoxide synthetase with acetylsalicylic acid. Eur J Biochem 1980;109:1–8.
23. Zhang Y, Daaka Y. PGE2 promotes angiogenesis through EP4 and
PKA Cg pathway. Blood 2011;118:5355–64.
24. Jain S, Chakraborty G, Raja R, Kale S, Kundu GC. Prostaglandin E2
regulates tumor angiogenesis in prostate cancer. Cancer Res 2008;
68:7750–9.
25. Qiao L, Kozoni V, Tsioulias GJ, Koutsos MI, Hanif R, Shiff SJ, et al.
Selected eicosanoids increase the proliferation rate of human colon
carcinoma cell lines and mouse colonocytes in vivo. Biochim Biophys
Acta 1995;1258:215–23.
26. Abrahao AC, Castilho RM, Squarize CH, Molinolo AA, dos SantosPinto D Jr., Gutkind JS. A role for COX2-derived PGE2 and PGE2receptor subtypes in head and neck squamous carcinoma cell proliferation. Oral Oncol 2010;46:880–7.
27. Mayoral R, Fernandez-Martinez A, Bosca L, Martin-Sanz P. Prostaglandin E2 promotes migration and adhesion in hepatocellular carcinoma cells. Carcinogenesis 2005;26:753–61.
28. Li Z, Zhang Y, Kim WJ, Daaka Y. PGE2 promotes renal carcinoma cell
invasion through activated RalA. Oncogene 2013;32:1408–15.

Cancer Prevention Research

Downloaded from http://aacrjournals.org/cancerpreventionresearch/article-pdf/7/6/557/2253286/557.pdf by guest on 12 August 2022

Given the conflicting results of clinical trials and the
number of uncertainties discussed above, chronic administration of ASA or other NSAIDs cannot be recommended
for melanoma chemoprevention in the general population
at this time. Similarly, for patients at increased risk (personal history of melanoma, 10-fold; numerous/atypical
nevi, 4-fold; ref. 5) who would be most likely to benefit,
there is insufficient evidence of efficacy for any particular
drug or dosing regimen. Although a prospective random-

NSAIDs and Melanoma Risk

www.aacrjournals.org

50. Johannesdottir SA, Chang ET, Mehnert F, Schmidt M, Olesen AB,
Sorensen HT. Nonsteroidal anti-inﬂammatory drugs and the risk of skin
cancer: a population-based case-control study. Cancer 2012;118:
4768–76.
51. Asgari MM, Maruti SS, White E. A large cohort study of nonsteroidal
anti-inﬂammatory drug use and melanoma incidence. J Natl Cancer
Inst 2008;100:967–71.
52. Vinogradova Y, Coupland C, Hippisley-Cox J. Exposure to cyclooxygenase-2 inhibitors and risk of cancer: nested case-control studies.
Br J Cancer 2011;105:452–9.
53. Joosse A, Koomen ER, Casparie MK, Herings RM, Guchelaar HJ,
Nijsten T. Non-steroidal anti-inﬂammatory drugs and melanoma risk:
large Dutch population-based case-control study. J Invest Dermatol
2009;129:2620–7.
54. Jeter JM, Bonner JD, Johnson TM, Gruber SB. Nonsteroidal antiinﬂammatory drugs and risk of melanoma. J Skin Cancer 2011;2011:
598571.
55. Sorensen HT, Friis S, Norgard B, Mellemkjaer L, Blot WJ, McLaughlin
JK, et al. Risk of cancer in a large cohort of nonaspirin NSAID users: a
population-based study. Br J Cancer 2003;88:1687–92.
56. Jacobs EJ, Thun MJ, Bain EB, Rodriguez C, Henley SJ, Calle EE. A
large cohort study of long-term daily use of adult-strength aspirin and
cancer incidence. J Natl Cancer Inst 2007;99:608–15.
57. Jeter JM, Han J, Martinez ME, Alberts DS, Qureshi AA, Feskanich D.
Non-steroidal anti-inﬂammatory drugs, acetaminophen, and risk of
skin cancer in the Nurses' Health Study. Cancer Causes Control 2012;
23:1451–61.
58. Cook NR, Lee IM, Gaziano JM, Gordon D, Ridker PM, Manson JE, et al.
Low-dose aspirin in the primary prevention of cancer: the Women's
Health Study: a randomized controlled trial. JAMA 2005;294:47–55.
59. Woessner KM, Simon RA. Cardiovascular prophylaxis and aspirin
"allergy". Immunol Allergy Clin North Am 2013;33:263–74.
60. Garcia Rodriguez LA, Hernandez-Diaz S. Risk of uncomplicated peptic
ulcer among users of aspirin and nonaspirin nonsteroidal antiinﬂammatory drugs. Am J Epidemiol 2004;159:23–31.
61. Seelig CB, Maloley PA, Campbell JR. Nephrotoxicity associated with
concomitant ACE inhibitor and NSAID therapy. South Med J 1990;83:
1144–8.
62. Derry S, Loke YK. Risk of gastrointestinal haemorrhage with long term
use of aspirin: meta-analysis. BMJ 2000;321:1183–7.
63. Kelly JP, Kaufman DW, Jurgelon JM, Sheehan J, Koff RS, Shapiro S.
Risk of aspirin-associated major upper-gastrointestinal bleeding with
enteric-coated or buffered product. Lancet 1996;348:1413–6.
64. Valkhoff VE, Sturkenboom MC, Kuipers EJ. Risk factors for gastrointestinal bleeding associated with low-dose aspirin. Best Pract Res Clin
Gastroenterol 2012;26:125–40.
65. He J, Whelton PK, Vu B, Klag MJ. Aspirin and risk of hemorrhagic
stroke: a meta-analysis of randomized controlled trials. JAMA 1998;
280:1930–5.
66. Bhala N, Emberson J, Merhi A, Abramson S, Arber N, Baron JA, et al.
Vascular and upper gastrointestinal effects of non-steroidal antiinﬂammatory drugs: meta-analyses of individual participant data from
randomised trials. Lancet 2013;382:769–79.
67. Shiotani A, Sakakibara T, Nomura M, Yamanaka Y, Nishi R, Imamura H,
et al. Aspirin-induced peptic ulcer and genetic polymorphisms.
J Gastroenterol Hepatol 2010;25 Suppl 1:S31–4.
68. Halushka MK, Walker LP, Halushka PV. Genetic variation in cyclooxygenase 1: effects on response to aspirin. Clin Pharmacol Ther 2003;
73:122–30.
69. Shiotani A, Murao T, Fujita Y, Fujimura Y, Sakakibara T, Nishio K, et al.
Novel single nucleotide polymorphism markers for low dose aspirinassociated small bowel bleeding. PLoS One 2013;8:e84244.
70. Piazuelo E, Fuentes J, Garcia-Gonzalez MA, Jimenez P, Lanas A. A
case-control study of the association between polymorphisms of the
endothelial nitric oxide synthase and glycoprotein IIIa genes and upper
gastrointestinal bleeding in users of low-dose aspirin. Clin Ther 2008;
30:121–30.
71. Garcia-Gonzalez MA, Lanas A, Santolaria S, Crusius JB, Serrano MT,
Pena AS. The polymorphic IL-1B and IL-1RN genes in the aetiopathogenesis of peptic ulcer. Clin Exp Immunol 2001;125:368–75.

Cancer Prev Res; 7(6) June 2014

Downloaded from http://aacrjournals.org/cancerpreventionresearch/article-pdf/7/6/557/2253286/557.pdf by guest on 12 August 2022

29. Vo BT, Morton D Jr., Komaragiri S, Millena AC, Leath C, Khan SA. TGFb effects on prostate cancer cell migration and invasion are mediated
by PGE2 through activation of PI3K/AKT/mTOR pathway. Endocrinology 2013;154:1768–79.
30. Buchanan FG, Wang D, Bargiacchi F, DuBois RN. Prostaglandin E2
regulates cell migration via the intracellular activation of the epidermal
growth factor receptor. J Biol Chem 2003;278:35451–7.
31. Gurpinar E, Grizzle WE, Piazza GA. NSAIDs inhibit tumorigenesis, but
how? Clin Cancer Res 2013.
32. Yamamoto Y, Yin MJ, Lin KM, Gaynor RB. Sulindac inhibits activation
of the NF-kB pathway. J Biol Chem 1999;274:27307–14.
33. Takada Y, Bhardwaj A, Potdar P, Aggarwal BB. Nonsteroidal antiinﬂammatory agents differ in their ability to suppress NF-kB activation,
inhibition of expression of cyclooxygenase-2 and cyclin D1, and
abrogation of tumor cell proliferation. Oncogene 2004;23:9247–58.
34. Wang CY, Mayo MW, Baldwin AS Jr. TNF- and cancer therapyinduced apoptosis: potentiation by inhibition of NF-kB. Science 1996;
274:784–7.
35. Tozawa K, Sakurada S, Kohri K, Okamoto T. Effects of anti-nuclear
factor kB reagents in blocking adhesion of human cancer cells to
vascular endothelial cells. Cancer Res 1995;55:4162–7.
36. Fujioka S, Sclabas GM, Schmidt C, Frederick WA, Dong QG, Abbruzzese JL, et al. Function of nuclear factor kB in pancreatic cancer
metastasis. Clin Cancer Res 2003;9:346–54.
37. Koornstra JJ, Rijcken FE, Oldenhuis CN, Zwart N, van der Sluis T,
Hollema H, et al. Sulindac inhibits b-catenin expression in normalappearing colon of hereditary nonpolyposis colorectal cancer and
familial adenomatous polyposis patients. Cancer Epidemiol Biomarkers Prev 2005;14:1608–12.
38. Whitt JD, Li N, Tinsley HN, Chen X, Zhang W, Li Y, et al. A novel sulindac
derivative that potently suppresses colon tumor cell growth by inhibiting cGMP phosphodiesterase and b-catenin transcriptional activity.
Cancer Prev Res 2012;5:822–33.
39. Pangburn HA, Ahnen DJ, Rice PL. Sulindac metabolites induce proteosomal and lysosomal degradation of the epidermal growth factor
receptor. Cancer Prev Res 2010;3:560–72.
40. Thompson HJ, Jiang C, Lu J, Mehta RG, Piazza GA, Paranka NS, et al.
Sulfone metabolite of sulindac inhibits mammary carcinogenesis.
Cancer Res 1997;57:267–71.
41. Denkert C, Kobel M, Berger S, Siegert A, Leclere A, Trefzer U, et al.
Expression of cyclooxygenase 2 in human malignant melanoma.
Cancer Res 2001;61:303–8.
42. Kuzbicki L, Lange D, Straczynska-Niemiec A, Chwirot BW. The value of
cyclooxygenase-2 expression in differentiating between early melanomas and histopathologically difﬁcult types of benign human skin
lesions. Melanoma Res 2012;22:70–6.
43. Kuzbicki L, Sarnecka A, Chwirot BW. Expression of cyclooxygenase-2
in benign naevi and during human cutaneous melanoma progression.
Melanoma Res 2006;16:29–36.
44. Becker MR, Siegelin MD, Rompel R, Enk AH, Gaiser T. COX-2 expression in malignant melanoma: a novel prognostic marker? Melanoma
Res 2009;19:8–16.
45. McNulty SE, del Rosario R, Cen D, Meyskens FL Jr., Yang S. Comparative expression of NF-kB proteins in melanocytes of normal skin
vs. benign intradermal naevus and human metastatic melanoma
biopsies. Pigment Cell Res 2004;17:173–80.
46. Vad NM, Yount G, Moridani MY. Biochemical mechanism of acetylsalicylic acid (Aspirin) selective toxicity toward melanoma cell lines.
Melanoma Res 2008;18:386–99.
47. Albano F, Arcucci A, Granato G, Romano S, Montagnani S, De
Vendittis E, et al. Markers of mitochondrial dysfunction during the
diclofenac-induced apoptosis in melanoma cell lines. Biochimie 2013;
95:934–45.
48. Harris RE, Beebe-Donk J, Namboodiri KK. Inverse association of nonsteroidal anti-inﬂammatory drugs and malignant melanoma among
women. Oncol Rep 2001;8:655–7.
49. Curiel-Lewandrowski C, Nijsten T, Gomez ML, Hollestein LM, Atkins
MB, Stern RS. Long-term use of nonsteroidal anti-inﬂammatory drugs
decreases the risk of cutaneous melanoma: results of a United States
case-control study. J Invest Dermatol 2011;131:1460–8.

563

Goodman and Grossman

72. Furuta T, El-Omar EM, Xiao F, Shirai N, Takashima M, Sugimura H.
Interleukin 1b polymorphisms increase risk of hypochlorhydria and
atrophic gastritis and reduce risk of duodenal ulcer recurrence in
Japan. Gastroenterology 2002;123:92–105.
73. Lu CC, Sheu BS, Chen TW, Yang HB, Hung KH, Kao AW, et al. Host
TNF-a-1031 and -863 promoter single nucleotide polymorphisms
determine the risk of benign ulceration after H. pylori infection. Am
J Gastroenterol 2005;100:1274–82.
74. Sugimoto M, Furuta T, Shirai N, Nakamura A, Xiao F, Kajimura M, et al.
Different effects of polymorphisms of tumor necrosis factor-a and
interleukin-1b on development of peptic ulcer and gastric cancer.
J Gastroenterol Hepatol 2007;22:51–9.
75. Erdmann F, Lortet-Tieulent J, Schuz J, Zeeb H, Greinert R, Breitbart
EW, et al. International trends in the incidence of malignant melanoma

76.

77.
78.

79.

1953–2008—are recent generations at higher or lower risk? Int J
Cancer 2013;132:385–400.
Austin MT, Xing Y, Hayes-Jordan AA, Lally KP, Cormier JN. Melanoma
incidence rises for children and adolescents: an epidemiologic review
of pediatric melanoma in the United States. J Pediatr Surg 2013;48:
2207–13.
Chan AT, Lippman SM. Aspirin and colorectal cancer prevention in
Lynch syndrome. Lancet 2011;378:2051–2.
Burn J, Bishop DT, Mecklin JP, Macrae F, Moslein G, Olschwang S,
et al. Effect of aspirin or resistant starch on colorectal neoplasia in the
Lynch syndrome. N Engl J Med 2008;359:2567–78.
Ferrandez A, Piazuelo E, Castells A. Aspirin and the prevention of
colorectal cancer. Best Pract Res Clin Gastroenterol 2012;26:
185–95.

Downloaded from http://aacrjournals.org/cancerpreventionresearch/article-pdf/7/6/557/2253286/557.pdf by guest on 12 August 2022

564

Cancer Prev Res; 7(6) June 2014

Cancer Prevention Research

