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Abstract

Background: Nonmelanoma skin cancer (NMSC) is the most common
malignancy. Basal cell carcinoma (BCC) comprises about 80% of all
NMSCs and its incidence continues to rise. Although BCC rarely leads
to metastases or increased mortality, its effects on healthcare costs and
quality of life are substantial. Aspirin may prevent the development of
basal cell carcinoma (BCC) by the inhibition of cyclooxygenase (COX)
enzymes, which are associated with carcinogenesis and inflammation.
This study therefore examined the effect of aspirin on the risk of BCC,
its clinical outcomes, and its treatment costs.

Methods: A retrospective study (2010 - 2018) was conducted using
the Humana Health Insurance Database. International Classification
of Disease ninth and 10th codes and National Drug Codes were used
to identify BCC diagnoses and aspirin prescriptions. Patients were
matched for age, sex, Charlson Comorbidity Score (CCI), and region of
residence. Chi-squared, logistic regression, and odds ratio (OR) analy-
ses were utilized to test for significance and to estimate relative risk.

Results: Aspirin use was associated with a decreased incidence of
BCC in unmatched (OR = 0.658, 95% confidence interval (CI) 0.526
- 0.820) and matched (OR = 0.54, 95% C1 0.47 - 0.61) analyses. Aspi-
rin was also associated with a decreased BCC risk when stratified by
hypertension (P = 3.888 x 10%), chronic obstructive pulmonary dis-
ease (COPD) (P = 0.014), diabetes (P = 0.049) and tobacco use (P =
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0.017). Aspirin use was not associated with risk of BCC when strati-
fied by obesity (P = 0.408). The average paid per patient for BCC
treatment was significantly higher for patients in the aspirin use group
than in the aspirin nonuse group (P = 0.0087).

Conclusions: While the high incidence and cost of treatment of BCC
are demanding both clinically and financially, the low cost of aspirin
and its widespread use may have vital implications for its preventa-
tive role in this disease. This study concluded that aspirin use was
associated with a significantly decreased risk of BCC.

Keywords: Aspirin; Basal cell carcinoma; Nonmelanoma skin can-
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Introduction

Nonmelanoma skin cancer (NMSC) is the most common ma-
lignancy [1]. Basal cell carcinoma (BCC) comprises about
80% of all NMSCs and it is rising [2]. The highest rates are
currently seen in elderly men and the incidence of BCC is
increasing in the younger population, especially women [3].
BCC pathogenesis is dependent on various environmental and
genetic factors, including ultraviolet (UV) exposure, diet, and
aberrant signaling pathways [4]. Although BCC rarely leads
to metastases or increased mortality, its effects on healthcare
costs and quality of life are substantial [5]. In particular, recur-
rence of BCC may cause functional and aesthetic complica-
tions, which further impinge upon quality of life [6]. Further,
treatment of BCC may include expensive and labor-intensive
modalities such as Mohs micrographic surgery surgical ex-
cision, radiotherapy, or topical medications [7]. These treat-
ments alone are not only extremely costly but may also require
consistent follow-up that further perpetuates the financial bur-
den of this disease [6].

Although treatment of BCC is costly, only few chemopre-
ventive therapies have been identified and further preventa-
tive approaches are crucial [8]. Recent literature has identified
the potential role of non-steroidal anti-inflammatory drugs
(NSAIDs) in decreasing the risks of various malignancies in-
cluding BCC [9, 10]. This is due to their role of decreasing the
inflammation involved in the propagation of BCC and other
epithelial cell tumors [11]. Aspirin inhibits both cyclooxyge-
nase (COX)-1 and COX-2, with stronger inhibitory effects on
COX-1 [12]. Additionally, the administration of aspirin is as-
sociated with the prevention of atherothrombosis through the
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Table 1. A Literature Review on Aspirin and Basal Cell Carcinoma Detailing the Inclusion of Various Criteria in Previous Studies

Study Site Region of resi- Healthcare Aspirin BCC >1US Self-
dence known costs only only state reported

Torti et al, 2011 [16] Yes Yes No No No No Yes
Cahoon et al, 2012 [17] Unclear Yes No No No Yes Yes
Clouser et al, 2009 [18] No Yes No No No No Yes
Jeter et al, 2012 [10] No Yes No No No Yes Yes
Johannesdottir et al, 2012 [19] Yes Yes No No No No No
Ma et al, 2020 [20] No Yes No No No Yes Partial
Muranushi et al, 2016 [21] No Partial No No No Yes Partial
Passarelli et al, 2018 [22] Yes Yes No No No Yes Yes
Reinau et al, 2015 [23] No Yes No No No No No
Zhu et al, 2015 [24] No Yes No Yes No Yes Partial
Frankel et al, 2022 Yes Yes Yes Yes Yes Yes No

BCC: basal cell carcinoma.

inhibition of platelet COX-1 activity, which is associated with
neoplastic transformation [13]. COX-2, which is upregulated
by type B ultraviolet (UVB) exposure, increases prostaglandin
synthesis and subsequent inflammation [11]. As UVB expo-
sure is a major risk factor for the development of BCC, up-
regulation of COX-2 may be implicated in its development and
its inhibition a possible preventative route [14]. Previous stud-
ies have also identified the tumorigenic role of COX-2 in the
downregulation of apoptosis and upregulation of angiogenesis
in skin cancer [15]. Although the chemopreventive effects of
aspirin for development of BCC have been previously studied,
the results remain controversial in the literature [10, 16-24].
While several studies report a negative association between
aspirin use and development of BCC, others report a positive
association, and yet others are inconclusive [10, 11, 13-20].

Prior studies do not provide a complete analysis of the
prognostic variables and cost-effectiveness associated with the
use of aspirin for the treatment or prevention of BCC (Table
1) [10, 16-24]. As the majority of the literature is self-report-
ed, there is a significant lack of data that has been previously
associated with outcome reporting bias [25, 26]. Due to the
heterogeneity of literature outcomes and incomplete reporting,
variables such as site of origin and aspirin dosage have been
missing or unable to be analyzed adequately in meta-analyses.
Additionally, several studies only include patients from a sin-
gle center or state or have been conducted internationally, de-
creasing their external validity to a wide range of patients. This
retrospective study was performed to analyze the prognostic
variables of aspirin use and its effects on the clinical and finan-
cial outcomes of BCC. This is the first study to directly ana-
lyze the effects of aspirin use on the cost of treatment and to
analyze aspirin alone (without an adjunctive analysis of other
medications) on its effect on BCC development.

Materials and Methods

This study was conducted using a Health Insurance Portabil-
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ity and Accountability act compliant National Database. The
Patient Population Database in the USA was retrospectively
reviewed from 2010 to 2018 using the International Classifi-
cation of Disease (ICD) ninth and 10th Revision diagnostic
codes for BCC and generic drug codes for aspirin. The index
date was selected using the available data in the national data-
base. We used the earliest possible date that included enough
patient information to make relevant analyses. This analysis
of the data was conducted in a two-step process to assess the
effect of demographic data and confounding variables on out-
come measures. First, the Humana database was analyzed us-
ing comparison groups unmatched for patient characteristics.
In the second step, the Humana database was analyzed again
using comparison groups matched for age, sex, Charlson Co-
morbidity Score (CCI), and region of residence.

The results from the first and second outputs were then
compared to assess the effects of demographic data on statisti-
cal significance and outcome measures. The unmatched query
yielded 16,198 patients taking aspirin and 1,545,183 not tak-
ing aspirin. The matched query yielded 16,198 patients taking
aspirin and 16,198 patients not taking aspirin (Fig. 1).

Users of aspirin were defined as patients with an ac-
tive aspirin prescription for a minimum of 8 years. Incident
or one-time prescription users of aspirin were not included.
Patients who stopped taking aspirin were excluded from the
study. Inclusion in the aspirin group required actively taking
aspirin for a minimum of 8 years. There were several indi-
cations for which patients were taking aspirin, although the
majority were cardiac and pain. The data were then stratified
by comorbidities to assess for differences for patients with
hypertension, obesity, diabetes, chronic obstructive pulmo-
nary disease (COPD), and tobacco use. Healthcare costs were
compared both between aspirin use and nonuse groups, and
between patients with and without hemorrhagic complica-
tions in the aspirin use group. Analysis of healthcare costs
for aspirin vs. no aspirin aimed at understanding differences
in BCC severity and required treatment. The costs are spe-
cific for patients being treated specifically for BCC. Health-
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Database Total
(n=1,667,023)

Figure 1. Diagram depicting the grouping of patients based on various
criteria. BCC: basal cell carcinoma.

care data were analyzed using terminology provided by the
Pearl Diver User Manual, the statistical program used for our
analysis (Table 2). Chi-squared analyses were used to test for
significant relationships between populations using and not
using aspirin containing drugs. Logistic regression and odds
ratio (OR) calculations were utilized to assess the risk of de-
veloping BCC with aspirin use. To avoid attrition bias, pa-
tients that were from the aspirin use and nonuse populations
that were lost to follow-up were automatically excluded from
our study.

This study was exempted from the institutional review

board (IRB) approval because of the database study and was
conducted in compliance with the ethical standards of the re-
sponsible institution on human subjects as well as with the
Helsinki Declaration.

Results
Patient demographics

For the first step of the unmatched analysis, the Humana data-
base yielded 16,198 patients with an active aspirin prescription.
Of those patients, 360 (2.22%) also had a BCC diagnosis. A
total of 1,545,183 patients were identified as not having an ac-
tive aspirin prescription and of those patients, 50,547 (3.27%)
had a BCC diagnosis. Overall, men accounted for a greater
proportion of BCC in both patients taking (56%) and not tak-
ing aspirin (56%). In both aspirin use and nonuse groups, the
largest percentage of patients was between the ages of 70 - 74,
followed by 75 - 79 and 65 - 69. The Southern United States
demonstrated the highest percentage of patients in both aspirin
use and nonuse groups and the Western United States had the
lowest percentage of patients.

In the second step, patients were matched for age, sex,
CCI, and region of residence, and were divided into two
equal groups (aspirin use and aspirin nonuse) of 16,073 pa-
tients each. Males accounted for a larger percentage of patients
with BCC in both aspirin use (55.77%) and aspirin nonuse
(51.31%) groups. There was not a significant difference (P
= 0.2007) between the ratio of males to females with BCC
between the aspirin use population (198:157) and the aspirin
nonuse population (332:315) (P = 0.198). For both aspirin use
and nonuse populations with BCC, the skin of the face was the
most commonly affected site, followed by the trunk (excluding
the scrotum). There was not a significant difference between
aspirin use and nonuse populations for CCI score (P = 0.302)
and the 10-year percent survival rate was found to decrease as
CCI score increased.

Aspirin and BCC

In the unmatched analysis, the use of aspirin was associated

Table 2. Descriptions of Financial Terms as Provided by PearlDiver National Database User Manual

Term Description

Total paid

The sum of all reimbursements for claims captured by query represented in total, and for each

set of criteria including: code, age, region, state, service location, year, and quarter.

Average paid/claim

The total reimbursement divided by the number of non-zero records represented in total, and for

each set of criteria, including: code, age, region, state, service location, year, and quarter.

Average paid/event

The total reimbursement divided by the number of non-zero records represented in total and for

each set of criteria including: code, age, region, state, service location, year, and quarter.

Average paid/patient

The total reimbursement divided by the number patients represented in total and for each

set of criteria including: code, age, region, state, service location, year, and quarter.

Average length of stay

The average complete number of days reported per inpatient visit represented in total and for

each set of criteria including: code, age, region, state, service location, year, and quarter.
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Figure 2. Percentage of patients with BCC compared by aspirin use and nonuse (P < 2.2 x 107", OR = 0.54, 95% C1 0.47 - 0.61).

BCC: basal cell carcinoma; OR: odds ratio; Cl: confidence interval.

with a decreased risk of development of BCC compared to
nonuse of aspirin (OR = 1.52, 95% CI 1.22 - 1.90). In the un-
matched dataset, the percentage of patients with BCC was sig-
nificantly lower (P=9.03 x 10-1%) by 1.07% in the patients tak-
ing aspirin compared to patients not taking aspirin (360/16,198
(2.22%) versus 50,547/1,545, 183 (3.27%)).

In the matched analysis, the use of aspirin was associated
with an even further decreased risk of BCC (Fig. 2). Aspirin
use was associated with a decreased incidence of BCC in un-
matched (OR = 0.658, 95% CI 0.526 - 0.820) and matched
(OR = 0.54, 95% CI 0.47 - 0.61) analyses. Aspirin was also
associated with a decreased BCC risk when stratified by hy-
pertension (P = 3.888 x 10-), COPD (P = 0.014), diabetes
(P =0.049) and tobacco use (P = 0.017). Aspirin use was not
associated with risk of BCC when stratified by obesity (P =
0.408). The average paid per patient for BCC treatment was
significantly higher for patients in the aspirin use group than
in the aspirin nonuse group (P = 0.0087). Of the 360 patients
from the aspirin use group with BCC, 20 patients (5.56%) ex-
perienced a bleeding complication.

Healthcare costs

The analysis of financial data and length of stay (LOS) was
conducted in the second step of this study utilizing matched
data. For patients with BCC, average paid per claim, event,
and patient were higher in the aspirin use group than the as-
pirin nonuse group (Fig. 3). For the 5.56% of patients that
experienced bleeding complications in the aspirin use group,
total healthcare costs were higher than average total health-
care costs. Healthcare costs for BCC treatment varied between
patients with comorbidities (COPD, diabetes, hypertension,
obesity, and tobacco use) and the total population of patients
with BCC. In the aspirin use group, the average paid per event
($ 128.93) and average paid per claim ($133.93) were higher
in patients with hypertension than both the other comorbidities
and the total ($75.30 and $75.30). Average paid per patient was
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highest in patients with diabetes ($391.35) and was $317.09
higher than the total average ($74.26). In the aspirin nonuse
group, average paid per claim ($177.43), event ($187.87),
and patient ($270.06) were all higher in patients with diabetes
than other comorbidities, and than the total averages ($67.23,
$67.23, and $43.69, respectively).

For patients with BCC in the aspirin use group, average
LOS was highest for patients with diabetes (6.02 days) and
lowest for patients with COPD (3.64 days). For patients with
BCC in the aspirin nonuse group, average LOS was highest for
patients with obesity (7.88 days) and lowest for patients with
COPD (4.94 days).

Discussion

This retrospective study demonstrates the role of aspirin in de-
creasing the risk of BCC. This result is consistent with other
similar studies, although differs from several others which re-
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Figure 3. Average paid per patient for BCC treatment compared be-
tween aspirin use and nonuse (P = 0.0087). BCC: basal cell carcinoma.
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port no association or a positive association between aspirin
and BCC (Table 1) [10, 16-24]. However, this study included
an analysis of variables inadequately examined in the litera-
ture previously and was conducted with a large sample size, a
diverse population, and propensity matching for confounding
variables. Such measures were conducted to reduce the effects
of reporting bias, confounding comorbidities and medications,
and small and non-diverse populations. In this study, recall
and reporting bias were avoided because all clinical data were
extracted from automatically recorded prescriptions using
National Drug Codes (NDC) in the database. In comparison,
much of the existing literature on this field of study relies on
self-reported questionnaires, which depend on patient recol-
lection of diagnoses and medications from several years prior
(Table 1) [10, 16-24].

Analysis of the data was conducted in two phases with
matched and unmatched comparison groups to assess the
effects of demographic data and confounding variables on
outcome measures. In the first phase of the analysis, the
data yielded significant results for the effect of aspirin on
BCC development. In the second phase, when controls were
matched for age and sex, aspirin use yielded an even stronger
preventative role in BCC development. The risk of BCC de-
velopment being more decreased as a result of aspirin use in
the matched study versus the unmatched study shows that
age and sex are likely confounders in the first phase of this
study and potentially other similar studies as well. This find-
ing might explain the positive or lack of association between
aspirin and BCC previously noted in some studies, especially
those conducted using unmatched control and experimental
groups.

This study also analyzed the financial burden of BCC and
its relationship to aspirin consumption, which has not been
previously examined in the literature. The USA spends more
on treatment of keratinocyte cancers than any other country
[27], and the average annual cost of non-melanoma skin can-
cer treatment is estimated at $4.8 billion and increasing yearly
[28]. In this study, the total cost of treatment for all patients
with BCC was $53,691, and among those patients with BCC,
the aspirin use group demonstrated higher healthcare costs
than the aspirin nonuse group (Fig. 3). However, because
5.56% of patients in the aspirin use group developed bleed-
ing complications, the higher average healthcare cost could
be a result of managing these complications, rather related to
management of BCC. Previous studies have demonstrated that
at small doses, bleeding risk of aspirin is minimal. In order
to assess if a small dose of aspirin would decrease bleeding
complications while preventing BCC or decreasing its sever-
ity, future studies analyzing the dosage effects of aspirin on
BCC are suggested. As previously discussed, the regular use
of aspirin has been associated with hemorrhagic adverse ef-
fects. Its use for primary prevention for colorectal cancer has
been questioned because of this complication, and some stud-
ies have therefore examined the role of aspirin for secondary
prevention [29]. Similarly, in addition to the role of aspirin for
primary prevention of BCC, further studies examining its role
in secondary prevention are suggested.

The healthcare costs associated with various comorbidi-
ties was also examined for patients with BCC. For patients
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with BCC in the aspirin use group, average paid per event and
claim was highest for patients with hypertension, and average
cost per patient was highest for patients with diabetes. Simi-
larly, for patients with BCC in the aspirin nonuse group, all
average costs were highest for patients with diabetes. From a
financial perspective, patients with hypertension or diabetes
might be of special interest for aspirin for the prevention of
BCC to avoid the increased cost of BCC treatment seen with
these comorbidities. In a previous study analyzing the use of
aspirin 325 mg for colorectal cancer prevention, the cost of
aspirin therapy plus aspirin-related complications was reported
to be $172 per year per patient [30]. Given that in this study, the
average paid per patient per visit was $60.48 for patients with
BCC, it would only require about three visits per year before
the use of aspirin for primary prevention was cost-effective.
Considering that many patients with BCC require consistent
follow-up and continued monitoring, it is common for patients
to visit their providers multiples times per year. Additionally,
the aforementioned colorectal cancer study analyzed 325 mg
aspirin, although this study included patients on 81 mg aspirin,
from which it could be expected a lower cost and complication
rate.

Although both aspirin use and nonuse groups contained
a higher percentage of females (61%), both groups demon-
strated a higher percentage of males with BCC (55.83% and
51.38% respectively.) As this study consisted mainly of older
patients, our results are consistent with recent epidemiological
studies which report that in older populations, the incidence of
BCC is higher in males than females, which could be the result
of women, on average, paying more attention to their skin’s
health and appearance and subsequently, scheduling more
medical appointments [31].

Several limitations in this study warrant a proper discus-
sion. The observational retrospective design made it difficult
to adjust for all potential and unknown confounding variables.
While the data were matched for age and sex between the aspi-
rin use and nonuse groups, there are several other factors that
could confound outcome measures. While the database provid-
ed precise pharmaceutical information about official aspirin
prescriptions, it lacked information regarding over the counter
(OTC) aspirin use. However, the long-term use of OTC as-
pirin for chronic disease is restricted because it is generally
more expensive and not subject to insurance reimbursement.
We also lacked information regarding dosage and prescription
lengths and dose-response effects were therefore unable to be
analyzed. We also did not have information regarding lifestyle
factors, individual UV exposure, or family history of skin can-
cer. As chronic UV exposure is a significant risk factor for
the development of BCC, this is a limitation of our study that
should be considered. However, stratification of the data based
on the region of residence in the USA served to minimize the
effects of varying UV exposures because BCC risk is strongly
inversely correlated to geographic latitude [32]. Additionally,
aspirin was prescribed for different reasons for each patient.
While the majority of prescriptions were cardiac in nature, our
study is limited by the fact that the conditions for which aspirin
was taken could have affected the risk of BCC development.
For this concern, we matched by the CCI to reduce the risk of
this bias.
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Conclusions

While the high incidence and cost of treatment of BCC are de-
manding both clinically and financially, the low cost of aspirin
and its widespread use may have vital implications for its pre-
ventative role in this disease. This study concluded that aspirin
use significantly decreased the risk of BCC.
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