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Context

Cardiovascular diseases (CVDs), including
ischaemic heart disease and cerebrovascular
disease, are the leading cause of death in both
sexes worldwide, followed by cancer [1, 2]. Most
CVDs can be prevented by addressing behavioural
risk factors, such as tobacco smoking, unhealthy
diets, obesity, physical inactivity and harmful use
of alcohol [3]. Individuals with CVDs or those at
high cardiovascular risk due to the presence of
one or more risk factors (e.g. arterial hypertension,
diabetes, hyperlipidaemia and obesity) require
early detection and management [3]. Counselling
and medicines should be offered, as appropriate.
These shared metabolic and behavioural risk
factors are causatively linked to the development
of heart disease, stroke, cancer, diabetes and
respiratory diseases [3]. Lung cancer is, by far,
the most common cause of cancer-related death
worldwide [3, 4]. Given that lung cancer patients
may initially present with cardiovascular and/
or metabolic comorbidities at the time of cancer
diagnosis, questions have been raised as to whether
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long-term use of combined medications to treat
these diseases affects the incidence and mortality
of lung cancer patients on a population-based level.

Established oral therapies are currently the
cornerstone of prevention of cardiovascular and
metabolic diseases, and include: 1) the anti-
thrombotic agent acetylsalicylic acid (also known
as aspirin) for reducing CVD morbidity and mortality
among survivors of myocardial infarction and stroke;
2) the glucose-lowering agent metformin as the
first-line therapeutic agent for type 2 diabetes
(T2D); and 3) the lipid-lowering statins as effective
drugs for reducing the risk of myocardial infarction,
ischaemic stroke, and development of peripheral
arterial disease.

The impact of these medications on the present
management of cardiovascular and metabolic
diseases is emphasised by the fact that these agents
are in the World Health Organization model list of
essential medicines [5].

Over the past few decades, these groups of
drugs have commonly been prescribed together
as a measure of chemoprevention given the close
interconnection between cardiovascular disease,
diabetes and dyslipidaemia [3, 6]. Nevertheless,
in the literature to date, both observational and
randomised controlled trials (RCTs) have merely
assessed the individual potential effects of each
of these three types of agents, without taking into
account their combined effect, dose-response
relationship or time-dependent exposure [7-10].
The study to be discussed here by Kanc et al. [11]
has shed some light on the latter.

Given the poor survival of lung cancer patients and the promising observations herein, future
studies (RCTs) should further investigate both time- and dose-dependent effects of combination
therapies across all categories of prevention of lung cancer. https://bit.ly/3hIYTtY
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Methods

In this nationwide, population-based, retrospective
observational cohort study, the investigators
employed the database of the Korean National
Health Insurance Services (NHIS). It included
732 199 Koreans who participated in a large
national health screening programme between
the years 2002 and 2003. The study participants
were pooled from three NHIS cohort datasets: NHIS
Senior, NHIS Health Screening Cohort and NHIS
National Sample Cohort. Patients who died of any
cause or had any cancer diagnosis before 1 January
2004, or were aged <40 or >80 years in 2002 to
2003 were excluded from the study.

The primary outcome measures of the study
were lung cancer incidence and mortality. Lung
cancer incidence was identified using a registered
lung cancer diagnosis code (i.e. C34) from the
10th revision of the International Classification
of Diseases (ICD). Lung cancer mortality was
determined using the Korean National Death
Registry. The study subjects were followed
from 1 January 2004 (index date) to the date
of lung cancer diagnosis (incidence) and death
(mortality), or death from any other cause, or until
31 December 2013. The cumulative duration of
use of cardiovascular (i.e. aspirin and statins) and
anti-diabetic medications (i.e. metformin) was
analysed with a 2-year latent period. The time-
dependent exposure to these three medications
was defined as follows: 1) the cumulative duration
of drug use equals the total number of days of drug
exposure; and 2) the cumulative defined daily dose
(cDDD). The cumulative duration of drug use and
cDDD were calculated for each 2-year period and
participants were categorised based on the duration
of medication exposure (i.e. nonusers, <0.5-1 year,
1-1.5 years, 1.5-2 years, >2 years or cDDD).

Medication exposure was considered a time-
dependent variable in a Cox proportional hazards
model. The individual effect of the cumulative dose
of aspirin, statins, or metformin on the incidence
and mortality of lung cancer was assessed by
considering concomitant use of other cardiovascular
drugs. To determine the independent associations of
each of the three medications with lung cancer risk,
two models were used to adjust for the covariates of
age, sex, income, body mass index, smoking status,
alcohol use and severity of comorbidity (Charlson
comorbidity index), as well as for other medication
use. In addition, stratified analyses by smoking
status were performed to test the associations
between aspirin, statins and metformin use, and
lung cancer risk and mortality.

This was the first published study to evaluate the
combined impact of aspirin, statins, and metformin
on lung cancer incidence and mortality. To
address these combined associations, the authors
categorised the cohort into eight groups based on
medication exposure, accounting for the possible
concomitant use of these three drugs.
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Main results

After the 10-year follow-up period, a total of 5990
lung cancer cases and 5938 deaths from lung
cancer over the follow-up years was observed.
Of the 732 199 participants, 9.0% (n=66 024),
5.1% (n=37 031) and 6.3% (n=46 205) were ever
users of aspirin, statins or metformin, respectively.
Moreover, 6.3% (n=46 205) of all participants were
diagnosed with T2D, of which 55.8% were ever on
metformin.

There was no significant association between
ever use of aspirin and incidence of lung cancer or
lung cancer-related mortality. Nevertheless, aspirin
showed a risk reduction for deaths of lung cancer
patients when taken for >1.5 years.

Lung cancer incidence was not associated with
ever use or cDDD use of statins. However, a dose-
dependent reduction in lung cancer-related mortality
was observed with increased cDDD of statin use;
a cumulative use of statins for >1.5 years led to a
relative risk reduction of 23%. Ever use of metformin
was significantly associated with reduced incidence
of lung cancer compared with non-diabetic patients
(adjusted hazard ratio (aHR) 0.89). Diabetic patients
with a cumulative metformin use of >1.5 years
showed both a decreased lung cancer incidence
(@HR 0.44) and mortality (@HR 0.76) compared to
diabetic patients who did not take metformin. In a
dose-dependent manner among diabetic patients,
metformin use had a protective association with
lung cancer incidence and mortality. The association
between metformin and decreased lung cancer
mortality was strongest in nonsmokers (@HR 0.41
in the group with >1.5 years of cDDD) and women
(@HR 0.19 in the group with >1.5 years of cDDD)
compared with the entire cohort.

Concomitant use of aspirin, statins and
metformin appeared to protect against the
development of lung cancer or lung cancer death.
Ever users of this combination regimen were
associated with decreased lung cancer incidence
(@aHR 0.83) and mortality (@HR 0.83) compared
to never users. The magnitude of the effect
increased progressively with a longer duration of
combined medication exposure. Those subjects
with >1.5 years of combination drug use showed
the lowest risk for developing lung cancer (@HR
0.49) and associated mortality (aHR 0.42). Smoking
status did not influence these inverse associations.
Table 1T summarises the main results.

Commentary

Prevention of lung cancer is a priori the pivotal
measure to reduce the numerous morbidities and
enormous mortality in patients with lung cancer,
as well as its burden on individual patients, their
families and society. The most effective preventive
measure is tobacco cessation since the causal chain
for tobacco smoking leading to lung cancer is well
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Table 1 Summary of results

Medication Incidence Mortality
Aspirin No effect No effect
Risk reduction of 13-19% for deaths of lung cancer patients
when taken >1.5 years (@HR" 0.81 and aHRY 0.87)
Statins No effect Dose-dependent risk reduction of 23% in subjects with
cumulative use for >1.5 years (@aHR*4 0.77)
Metformin Reduced for ever-users (aHRY 0.89) Reduced risk in diabetic subjects with >1.5 years metformin use

(@aHRY 0.76) compared to those who did not take metformin

Reduced in subjects with >1.5 years of
metformin use (@HRY 0.44)

Reduced for ever-users (aHR* 0.83)

Reduced in subjects with >1.5 years of
combination drug use (@HR" 0.49)

Reduced for ever-users (aHR# 0.83)

Reduced in subjects with >1.5 years of combination drug use
(@aHR* 0.42)

Triple combination

aHR: adjusted hazard ratio. *: adjustment for age, sex, income, body mass index, smoking, alcohol comsumption and Charlson
comorbidity index; ¥: additional adjustment for other medication use (e.g. aspirin use was adjusted for statin use and metformin use).

established, accounting for about 80-90% of all
lung cancer cases [12].

Afurther preventive strategy is chemoprevention,
i.e. the use of dietary or pharmaceutical
interventions to slow or reverse the progression
of premalignancy to invasive cancer [13, 14].
Preventive measures apply to common diseases
and are generally aimed at: 1) primary prevention:
subjects who are at high risk (current or former
smokers), but without evidence of a disease, e.g.
lung cancer or CVD; 2) secondary prevention:
subjects who have risk factors and show evidence
of early stage disease, e.g. premalignancy; and 3)
tertiary prevention: subjects with pre-existing, risk
factor-related diseases (e.g. lung cancer, CVD) to
prevent secondary events (e.g. second primary
tumour, myocardial infarction, stroke).

The rationale for chemoprevention is based on
two main concepts: 1) multistep carcinogenesis
(a series of genetic and epigenetic alterations leading
to malignant transformation from normal cells to
precursor cells and then to invasive tumour cells); and
2)field cancerisation (assuming that many areas of the
aerodigestive tract are simultaneously at risk of cancer
formation due to carcinogen exposure) [14, 15].

As reviewed by the authors, long-term
follow-up data from some trials of these drugs in
the treatment and prevention of CVD, diabetes
or dyslipidaemia have provided an opportunity to
explore their possible benefits on cancerincidence
and mortality. Unfortunately, Cochrane-initiated
systematic reviews and meta-analyses investigating
the anti-tumour effects of these agents alone or
in combination in patients with lung cancer are
still not yet available. The latest analysis on the
chemoprevention of lung cancer was published
within the American College of Chest Physicians
evidence-based clinical practice guidelines in
2013. It concluded that none of the phase 3 trials
with these agents, including aspirin or metformin,

provided sufficient evidence to be used in the
chemoprevention of lung cancer so far [14].

Aspirin

The effects of aspirin on the inhibition of the
cyclooxygenases (COX) 1 and 2 are dose-dependent.
At lower doses, aspirin inhibits COX-1, leading
to reduced production of thromboxane A2 and,
thus, producing a clinically relevant anti-platelet
effect. Higher doses also inhibit COX-2 that blocks
prostaglandin production, leading to analgesic
and antipyretic effects. Plausible biological
mechanisms for anti-tumour effects of aspirin
include induction of cell apoptosis and inhibition
of COX-catalysed production of prostaglandin,
which in turn is associated with tumour cell
angiogenesis, cell proliferation and inhibition of
immune surveillance [16]. Credible evidence exists
that aspirin possibly reduces the risk of colorectal
cancer over long-term follow-up with >10 years
of treatment [17-19]. However, in this study,
aspirin only reduced lung cancer incidence when
prescribed in combination with metformin and a
statin. In addition, aspirin showed a risk reduction
for deaths of lung cancer patients when taken for
>1.5 years or in combination with metformin and a
statin. Moreover, the risks for lung cancer incidence
or mortality appeared to decrease over time when
prescribed as a three-fold combination therapy.

Metformin

Belonging to the guanidine derivatives, metformin’s
pharmacodynamic profile in the treatment of T2D
is truly versatile, ranging from decreasing hepatic
glucose output by inhibiting gluconeogenesis and
increasing insulin-mediated glucose utilisation in
peripheral tissue (e.g. muscle and liver) to having
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an anti-lipolytic effect that lowers serum fatty
acid concentrations as well as an anti-thrombotic
effect [20]. All these effects lead to the reduced
progression of impaired glucose tolerance to
T2D, reduced fasting hyperinsulinaemia, reduced
myocardial infarction, increased survival in T2D
patients, reduced insulin resistance, and modestly
improved blood lipid profile [21].

Among the other metabolic effects, on a
molecular basis, metformin activates the enzyme
adenosine monophosphate-activated protein
kinase (AMPK), leading to increased expression
and phosphorylation of p53, thus resulting in cell
cycle arrest and/or apoptosis. Therefore, activation
of AMPK is one possible mechanism by which
metformin exerts its potential anti-neoplastic
properties [22].

In the present study, patients with diabetes
who had taken metformin for >1.5 years were
observed to have a relative risk reduction of 56%
in the incidence and 24% in the mortality of lung
cancer compared to participants without diabetes.

Statins

Statins, such as simvastatin or atorvastatin, are
competitive inhibitors of hydroxymethylglutaryl
coenzyme A reductase, the rate-limiting step in
the intrahepatic cholesterol synthesis as part of
the mevalonate pathway. Besides cholesterol, this
pathway produces the protein anchor molecules
isoprenoids, such as farnesyl pyrophosphate.
Among others, they bind to Ras proteins, facilitating
protein translocation as well as protein-protein
and protein-membrane interactions [23]. Statins
deplete the cellular pools of isoprene precursors
and reduce the isoprenylation of Ras proteins.
By inhibiting the proper function of Ras proteins
and others, statins exert growth inhibitory, pro-
apoptotic, anti-invasive, anti-angiogenic and
pro-differentiation responses in neoplastic cells
of diverse origins [23].

Even though observational studies suggest a
decreased risk of mortality and improved overall
survival in lung cancer patients, no convincing
evidence from meta-analyses of RCTs exists to date
to show that statins increase or decrease the risk of
cancer, or lung cancer in particular [24].

In the present study, statin administration was
not associated with reduced lung cancer incidence
in a dose-independent manner. However, mortality
was reduced in both a dose- and time-dependent
fashion. Unfortunately, the authors did not provide
information about which statin was administered.
Analyses conducted on a wide range of tumour
cell lines suggest that lipophilic statins, such as
simvastatin, show pronounced anti-tumour effects,
whereas hydrophilic statins, such as pravastatin,
do not have cytotoxic effects on these tumour cell
lines [23]. Nonetheless, the authors of the present
study recognise that the register database did not
allow for information on statin derivatives.
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Combined medication over a period
of time

A key factor in study trial design is the duration
of treatment and follow-up required to detect
significant differences in the incidence of cancer
between treatment groups. Long trial times and
a large number of participants needed to achieve
adequate power means that chemoprevention trials
are expensive and laborious [17]. The authors of
the present study investigated the combined use
of three groups of drugs with anti-tumour potential
in a Korean population of more than 700000
participants over a lengthy period of 10 years.
Participants medicated with the triple combination
of aspirin, metformin and statin showed both a
dose- and time-dependent relative risk reduction
for lung cancer incidence and mortality of 51%
and 58%, respectively. Previous meta-analyses of
RCTs conducted on various tumour entities have
led to the conclusion that the duration and dose
of medications must be adequately appreciated in
order to estimate the effect of these agents more
accurately [18, 25-28].

As the authors herein hypothesised, the
concomitant use of the triple therapy resulted in
favourable effects on lung cancer risk and mortality
by the concurrent inhibition of multiple pathways
related to lung cancer cell growth and proliferation,
potentially leading to synergistic anti-tumour effects.

Pending points

Some limitations of the study should be underlined.
Any study that relies on data derived from
administrative claims is prone to be biased by
confounding factors, especially with regards to lung
cancer diagnosis as was the case here. The diagnosis
in this study was considered only if the patient
received treatment for lung cancer. As such, patients
unfit for lung cancer treatment would not have been
included in the analysis. This could have led to the
non-inclusion of patients with a presumably heavy
history of cardiovascular disease or diabetes. Although
this bias is possible, it may also have led to the most
treatment-fit patients being analysed and thus giving
a good glimpse of actual clinical practice. Another bias
due to the administrative nature of the study would
be that information on lung cancer histology and
molecular alterations at diagnosis were not provided.
Such data would have given a deeper insight into the
potential signalling pathways used by these agents.
For aspirin and metformin, the results from at least
two RCTs and one cohort study suggest that patients
with adenocarcinoma benefit from chemoprevention
in terms of improved survival [18, 29, 30].
Moreover, the authors themselves acknowledge
that the lung cancer incidence was likely
underestimated due to the reliance on a single ICD
code and reimbursement data to identify potential
subjects. Given that the data were collected for
medical service claims and reimbursement, the




authors caution readers that the information on
diagnosis and disease might not be optimal for
sufficiently identifying disease occurrence and
prevalence [31]. These and other limitations were
discussed by the authors in their previous papers
detailing the cohort design and national databases
used in their current research [31, 32].

The design of the study has a number of unclear
aspects that may help explain some of the main
findings. First, it is difficult to assess whether there
was complete follow-up for all subjects in the study
with no opportunity for some to be lost to follow-up.
Censoring for this may impact the interpretation of
the key outcomes of the study. Secondly, respiratory
conditions were not identified in the study. It is
possible that these patients may be more likely
to have lung cancer detected than those without
any respiratory complaints. Thirdly, as mentioned
by the authors in their previous study, the disease
diagnosis variables in the healthcare claim data
might not accurately reflect the patients’ medical
conditions [32]. Finally, the study neither identifies
the conditions most commonly indicated for the
three drugs nor the conditions for which they were
prescribed for the patients.

Furthermore, the modality of treatment for
the lung cancer was not taken into consideration
by the authors. Any surgical intervention or anti-
cancer therapy administered following lung cancer
diagnosis could have confounded the relationship
between these drugs and cancer-related death.

Moreover, a stratified analysis by cancer stage
at the time of lung cancer diagnosis could allow
speculation as to whether chemoprevention
reduces the proportion of advanced stages at the
time of diagnosis.

In addition, studies that rely on registers and
databases are not per se designed to explore cancer
outcomes, making inference imprecise. Trials of
chemoprevention could be improved by better
identification of individuals at high risk for tumours.

Aspirin, statins and metformin and lung cancer risk -

Implication for practice

This study brings more data to the mounting
evidence that the use of metformin seems to be
beneficial with regards to survival in patients with
lung cancer. Furthermore, it brings innovative data
with regards to aspirin, statins and especially the
combination of aspirin, statins, and metformin in
terms of lung cancer incidence and mortality in a
large population-based cohort.

Although these results seem promising, the
direct implications for current clinical practice
remain unclear as several questions persist. For
instance, due to the nature of the observational
study, more evidence is needed before aspirin,
statins or metformin alone, or their combinations,
can be offered to patients to prevent lung cancer
(i.e. chemoprevention). It is also not possible
at this time, based on the data in the study, to
recommend that aspirin, statins or metformin
alone, or in combination, should be offered to
patients with lung cancer as a means of tertiary
prevention.

Therefore, research should be encouraged in
this field by conducting RCTs to determine whether
these drugs really do have a preventive effect and
can offer mortality reduction. These trials would
need to focus on which drug alone or in a drug-
drug association effectively reduces lung cancer
incidence and mortality. Furthermore, the duration
of the chosen treatments should also be explored
as well as the dose and the date of introduction
of the medication(s) with respect to the date of
cancer diagnosis. These studies would most likely be
challenging to perform in terms of time and related
costs, but could provide crucial answers related to
the field of lung cancer prevention and treatment.
Perhaps future lung cancer guidelines will be able
to address the questions of chemoprevention by
means of high quality observational and treatment
studies.
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