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Gastrointestinal cancer
Epidemiology

Globally, 20 million new cancer cases will be diagnosed in 2025." Cancer of the
gastrointestinal tract is the site of the most incident cancers and the source of more
cancer mortality than any other organ system in the body.? In 2014, 17.4% of all diagnosed
cancers and 25% of all cancer mortality in the United States was due to cancer of the
digestive tract.®

Figure 1: Distribution of the incidence of gastrointestinal tract cancers in 2015 in the Netherlands

1% 1%
-
a8 \ . Colon 46%

- Rectum 18%
. Oesofagus 10%
. Pancreas 10%
. Stomach 6%
Liver and bile ducts 4%
Digestive tract NOS 4%
Small intestine 1%
Anus 1%

Source: www.cijfersoverkanker.nl

The common factor of gastrointestinal tumours is their origin; the gastrointestinal
tract. Apart from their origin, gastrointestinal tumours differ in aetiology, morphology,
pattern of symptoms, and location. Figure 1 shows the distribution of digestive tract
tumours in 2015 in the Netherlands. The incidence of the various tumours of the
gastrointestinal tract differs throughout the world. People in Asian countries suffer more
from oesophageal and stomach cancer, whereas colorectal cancer is more common in
North-America and the Western world.? This difference is not based on genetic or racial
differences, but a result of environmental factors (e.g. diet and micro-organisms), and
illustrates the importance of environment in gastrointestinal carcinogenesis. When people
migrate to regions with a different incidence pattern, the organ-specific rates of cancer
adjusts to this region within two generations.? Mortality of gastrointestinal malignancies
in the Netherlands has improved over the past decade as is shown by figure 2.

Current chemotherapeutic regimes in gastrointestinal cancer
Drugs that are currently used for (neo-)adjuvant therapy in gastrointestinal cancer in
the Netherlands are shown in table 1:

Table 1

Current chemotherapy in the Netherlands* Tumour type

5-Fluorouracil (5-FU) combined with leucovorin
(Capecitabine when used oral)

Colorectal cancer
Gastric cancer

Oxaliplatin Colorectal cancer, gastric cancer
Epirubicin Gastric cancer

Cisplatin Gastric cancer

Carboplatin Oesophageal cancer
Paclitaxel Oesophageal cancer
Gemcitabine Pancreatic cancer

Figure 2: Mortality in gastrointestinal cancer
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Colorectal cancer
Epidemiology

As is shown by figure 1, colorectal cancer is the most common gastrointestinal
malignancy in the Netherlands, and also in the Western world. Nine percent of all cancer
deaths worldwide are considered due to colorectal cancer, with an absolute number of
694,000 deaths in 2012. Globally, 55% of colorectal cancers occur in more developed
regions, however mortality is considerably lower in developed regions compared to
undeveloped regions." In 2015, 15.549 patients were diagnosed with colorectal cancer.® In
the Netherlands, colorectal cancer is more common in male patients. As can be found in
figure 3, survival is foremost determined by stage, with 90% of patients with stage I still
alive after five years, as opposed to 10% of patients with stage IV disease.
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Figure 3a: Survival of colon cancer patients in the Netherlands (2003-2009)
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Figure 3b: Survival of rectal cancer patients in the Netherlands (2003-2009)
100% -

90%

80%

70%

60% -
Ilb
50% -
---llla

Survival

40% -
Ilb
30% -

Il
20% -

10%

0% \ ‘ ‘ : ‘
0 1 2 3 4 5

Years after diagnosis Source: www.ciffersoverkanker.nl

Treatment

Colon and rectum cancer are considered separate entities when considering curative
treatment. The cornerstone of treatment in both types of cancer is surgery. Pre-operative,
clinical staging in colorectal cancer requires a combination of CT (Computerized
Tomography), MRI (Magnetic Resonance Imaging, only for rectal cancer), and endoscopy.

Based on the clinical stage, there are options for radiotherapy or chemoradiotherapy
in the pre-operative phase in patients with stage Il and Ill rectal cancer. After neo-adjuvant
therapy, re-staging is performed and regular treatment is surgical resection according

to TME (Total Mesorectal Excision) principles.® A new, upcoming, treatment option is so
called ‘watchful waiting” with close surveillance.” This treatment option is for patients who
achieve complete clinical response after neoadjuvant therapy, and are monitored closely
instead of undergoing a resection. In the Netherlands, adjuvant therapy is not part of
standard treatment for patients with rectal cancer#?®

For colon cancer, treatment starts with surgical resection of the tumour, with the type
of surgery being dependent on the location of the tumour in the colon. For patients with
stage lll or high risk stage Il tumours, adjuvant therapy is indicated after surgery. Patients
with stage Il colon cancer are considered high risk in the case of perforation, T4 tumour,
extramural vascular invasion, poorly differentiated tumours or when there are less than
ten harvested lymph nodes. The absolute risk reduction is debated for the high risk stage
Il colon cancer.*

Health care costs and cancer medication

Due to higher incidence of cancer and increased survival of cancer patients, the
volume of anticancer treatment is expanding.® Furthermore, the therapeutic options are
growing. Where the only previous treatment option for colon cancer was 5-FU, nowadays
capecitabine and oxaliplatin are additional treatment options and this has increased the
costs of adjuvant colon cancer treatment with a 300-fold.®

The mean monthly costs of new anti-cancer medication is €40.000 in the
Netherlands.™ Expenditure on cancer medication in the Netherlands in 2013 was €733

Figure 4: Percentage of expensive cytostatic drugs of total cytostatic drugs in the Netherlands
(cancer medication is considered expensive as medication that exceeds a yearly national revenue of €2.5 million)
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Figure adapted from the SCK Report “Toegankelijkheid van dure kankergeneesmiddelen, Nu en in de toekomst’
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million. Seventy-one percent (€519 million) of this amount was spent on expensive cancer
medication. This amount has grown rapidly and is expected to grow exponentially in the
coming years, as shown in figure 4."°This trend was also observed in the United States,
were targeted therapies accounted for 63% of the total chemotherapy expenditures in
2011." In the Netherlands, cancer medication is defined as expensive as medication with
a yearly national revenue of €2.5 million. A national report addressing this issue entitled
‘Accessibility of expensive cancer medication, now and in the future’ was presented

in the Netherlands in 2014. In this report covered the magnitude and effects of the
current pattern of expenditure. This report concluded that the accessibility of expensive
cancer medication can only be maintained when European countries collaborate and
communicate about these issues. Due to the recent global financial crisis, almost all
healthcare systems had to deal with a sobering budget, a factor that complicates the
possibilities for the increasing costs.

Despite improvements over the last decades, global access to essential medication
remains poor."2According to recent data, the availability was only 56-76% in low and
middle-income countries. In the case medication was available, the affordability remains
poor and anti-cancer drugs are becoming progressively more expensive.”™

Many new drug therapies (mostly targeted therapies) were approved by the US Food
and Drug Administration (FDA) the past decade. The median costs of approved cancer
drugs has grown from less than $100 per month to about $10.000 per month in 2011.
These approvals were mostly based on surrogate endpoints, such as Progression-Free
Survival. However, a study revealed that many of these drugs (57%) have an unknown
effect on overall survival and that most cancer drugs have not been shown or do not
improve clinically relevant endpoints. These results suggests that the FDA might be
approving many costly, toxic drugs that do not improve overall survival.”® Furthermore,
molecularly targeted therapy is limited by a high failure rate and the small fraction of
patients that can benefit.”®

Drug repurposing
The urgency for new, effective, affordable anti-cancer medication that can be used on
a global scale is high. Reusing the vast arsenal of already-approved drugs with a non-
oncology primary purpose seems attractive. In theory, the repurposing of drugs should
allow faster development at lower costs and, due to the wide experience, lower safety
concerns. In addition, long-term data are mostly available. The barrier to introducing
this as regular therapy seems relatively easy and low-effort. Considering that only 10%
of developed candidate drugs will be used clinically, this must also seem attractive to
pharmaceutical companies."
Drugs that are considered for repurposing have several common characteristics:"”
e  Well-known drugs with many years of wide-spread clinical use, mostly available as
off-patent
e Low toxicity profile
® Plausible mechanism of action
e Strong scientific evidence, both in vivo as in vitro
e Evidence at physiological dosing

One medicine that fulfils these criteria is aspirin (generic name: acetylsalicylic

-
ul

acid), reported in 1950 as world’s most popular pain killing drug in the Guiness Book of
Records.®

Aspirin
History of aspirin
Originating from the bark of a willow tree, aspirin was already used by Hippocrates

NOILINGOLNI T¥43NI3 | HILAVHD

400 years B.C.."®The Babylonians used both the bark and leaf of the willow tree to treat
fever, pain and inflammation. It was not only reported to be used by the Babylonians,
but the ancient Greeks, Aristotle and Roman physicians were also aware of the versatile
effects of this drug.®
The commercial use of aspirin was initiated by Bayer. After the founding of Bayer in
Germany in 1863 as a dye manufacturing company, the focus of the company advanced
rapidly towards research on acetylsalicylic acid. A young chemist, Felix Hoffmann was
hired and synthesized the first example of acetylsalicylic acid in 1897 In 1899 the drug
was patented under the name of ASPIRIN (A-acetylation, SPIR- from the plant Spiraea
ulmaria (meadowsweet), from which the salicylic acid was first isolated, IN- a common
ending for medicines in that time)."®

When aspirin was introduced on the market in 1900, the first (ironic) slogan of Aspirin
was ‘does not affect the heart’. The registered trademark of aspirin was lost by Bayer as
soon as World War | ended, but interesting enough, only in the countries that emerged as
winners of the war.
In 1948, a doctor from California, Lawrence Craven observed that none of his 400 patients,
who were treated with aspirin, suffered from a heart attack. The involvement of aspirin in
platelet aggregation was not discovered until 1967, a clinical experiment observed that
patients taking aspirin have a longer coagulation time."

Aspirin for cardiovascular prevention

Despite the registration of aspirin for cardiovascular disease by the FDA already in
1988, many unanswered questions remain regarding its protective effect in cardiovascular
disease. Aspirin is already used globally as secondary prevention for cardiovascular
disease.®The secondary prevention of atherosclerotic cardiovascular disease or
myocardial infarction with aspirin has resulted in a 20% relative reduction in stroke
and coronary events.®The absolute reduction of aspirin as secondary prevention for
atherosclerotic cardiovascular disease is shown to be about 1-2% per year, with a greater
reduction for non-fatal than fatal events.™

On the other hand, the net value of aspirin treatment in primary prevention of
cardiovascular disease has not been proven.'®?? Studies in that field continue to be
published, and no decisive answer has been formulated yet. A recent review aimed to
select certain subgroups that could benefit from primary prevention and the authors
developed a decision making tool; the Aspirin-Guide. This tool has internal risk calculators
to help clinicians with this difficult decision. The tool incorporated age- and sex-specific
risk and additionally secondary considerations for colorectal cancer prevention.™
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Figure 5: Number of publications on pubmed with search “Aspirin AND Cancer” (until november 2016)
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Aspirin as cancer therapy

The repurposing of aspirin as anti-cancer medication was mentioned for the first
time in 1972 when . aspirin was shown to reduce the number of metastases in a mouse
model.z After the first publication of this effect, publications exponentially appeared on
PubMed (figure 5).

The effect of aspirin on cancer is thought to be twofold. Both a reduced incidence of
cancer as well as a mortality reducing effect of aspirin have been described.
The reduced incidence of cancer has been studied in many trials assessing the effect
of aspirin in cardiovascular prevention. This evidence was summarized in a large meta-
analysis by the United States Preventative Task Force (USTPF).2*This meta analysis
combined the existing randomised trials that have analysed the cancer outcomes of the
patients in cardiovascular prevention trials that studied both primary and secondary
prevention. The meta analysis demonstrated a significantly reduced incidence of
gastrointestinal malignancies with the most pronounced effect in colorectal cancer
(pooled rate ratio 0.60 (0.47-0.76).%

The only randomised clinical trial of aspirin in colorectal cancer so far, the CAPP-2
trial, studied the effect of aspirin in patients with hereditary colorectal cancer (Lynch
syndrome). The study randomised between 600 mg aspirin and placebo and found a

reduction in cancer incidence in a per-protocol analysis of Hazard Ratio (HR) 0.41 (95% C.1.

0.19-0.86). Currently, the CAPP-3 trial is recruiting to assess the optimal dose of aspirin in
patients with Lynch syndrome (ISRCTN16261285).

Currently, the reduced incidence and improved cancer survival are considered
separate issues in publications.

The evidence that aspirin could play a role to prevent cancer recurrence and improve

survival after colorectal cancer comes from different study designs. Several meta-analysis

of individual patient data studying the effect of aspirin in both primary as secondary
cardiovascular disease prevention as numerous observational studies showing a
beneficial survival in patients taking aspirin have been published.

Meta-analysis of large randomised trials have been completed and demonstrated that
not all studies uniformly point towards a beneficial effect of aspirin on cancer
mortality.?*? This may be due to heterogeneity of the studies with regard to study
design, statistics, dose of aspirin, and selection of patients. This is discussed extensively
in chapter seven of this thesis.

The most recent meta-analysis of Elwood et al pooled all current observational studies
and showed a HR of 0.71 (95% CI 0.58-0.87) for both colorectal cancer specific survival
and HR 0.80 (0.70-0.92) for overall survival.?® An overview of current observational and
randomised evidence can be found in chapter seven of this thesis.

One meta-analysis of individual patient data from several randomised controlled trials
studying the effects of aspirin on cancer mortality showed that the mortality in patients
with gastrointestinal cancer was significantly reduced in the group that used aspirin:
HR 0.46 (95% CI 0.27-0.77).2®

The meta-analysis of USTPF with individual patient data only from primary prevention
trials found a reduced cancer mortality only in patients with colorectal cancer, but this
effect was not found in patients with other types of cancer.?*

Mechanism of action

The exact mechanism by which aspirin exerts its activity is not completely understood.
As stated above, the mechanism of aspirin as platelet aggregation inhibitor was not
discovered until the 1970’s."®This illustrates the difficulties elucidating the working
mechanisms of medication.

Figure 6: Mechanism of aspirin on COX-pathway and actions of prostanaids
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Aspirin is both a permanent non-steroidal anti-inflammatory drug (NSAID)® and a
non-specific COX-inhibitor, of both COX-1 and COX-2.%°

Figure 7: Overview of pathways respansible for the anti-cancer effects of aspirin.
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Partly based on Langley et al, BJC 2011; 105; 1107-1113, and Alfonso et al, BJC 2014; 111, 61-67

Aspirin, an analgesic and anti-inflammatory agent, acts by indirectly inhibiting
the production of prostanoids. Prostanoids are a group of active lipid mediators and
include: prostaglandin E, (PGE,), prostaglandin D, (PGD,), prostaglandin I, (PGL,
also called prostacyclin), prostaglandin F, (PGF,)and thromboxane A, (TXA,.).*"3The
prostanoids have an important role in cellular responses and pathophysiologic processes,
such as modulation of the inflammation response and its resolution gastrointestinal
cytoprotection and ulceration, angiogenesis and cancer, haemostasis and thrombosis,
atheroprotection and progression of atherosclerosis.®' The tissues that are effected by the
different prostanoids can be found in figure 6.

Multiple properties have been suggested to be responsible for the effect of aspirin on
the prevention of cancer metastasis. TXA, and PGE,, downstream mediators of the
COX-pathway, are thought to be involved in tumourigenesis and metastasis, but also
COX-independent mechanisms have been suggested (figure 7).303

The effect of aspirin is unique in the group of NSAID’s because it acts by delivering its
acetyl group mainly to platelet COX-1 and thereby completely inhibits TXA2 production.®*
Cells that have low levels of peroxides, such as platelets and epithelial cells of the lung
and colon are particularly sensitive to aspirin and its COX-1 inhibition.33

Unfortunately, literature is sparse about the hypothesis that tumours that have
developed while on aspirin therapy are less responsive to the effects of aspirin as anti-
cancer therapy. The meta-analysis of Elwood et al. also refers to this phenomenon, and
hints towards less sensitivity of tumours that are treated prediagnosis with aspirin.?
This statement is however not supported with a reference. In a subgroup analysis in the
meta-analysis of Elwood the group of patients that take aspirin both before and after
diagnosis were analysed separately. No difference in effect was observed in the group
of patients that already use aspirin at diagnosis vs. patients only starting aspirin after
diagnosis. To our knowledge, there is one manuscript that assessed the effect of aspirin
on tumour growth in mice.*®*This study showed that mice, that both did and did not
receive aspirin before diagnosis, had a reduction of tumour growth when treated with
aspirin after diagnosis.

Side effects

The risk of side effects when treating patients with low dose aspirin must be
acknowledged. Common side effects of low-dose aspirin use are gastrointestinal
symptoms (abdominal pain, dyspepsia, or nausea and vomiting) and increased bleeding
tendency which can cause epistaxis, gastrointestinal bleeding or purpura.®% Serious
bleeding events have also been described, however the risk of serious haemorrhagic
stroke with the use of aspirin is very rare (<0. 01%).%8The risk of major gastrointestinal
bleeding is as high as one or two in every 1,000 patients taking aspirin, and this increases
with age.® Fatal bleeds however are not increased in groups of patients taking aspirin.

There are a few considerations that should be taken into account when studying the
beneficial effect of aspirin in a cancer population. As stated above, aspirin as primary
cardiovascular prevention is a controversial subject. When studying the risk:benefit ratio
in a primary cardiovascular prevention setting, the acceptance of the risk of side effects
is low, especially when the absolute benefit may be low. For secondary prevention in
a cancer population, however, with patients at a relatively high risk of experiencing a
recurrence, acceptance of side effects will generally be higher.

N
o
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Outline of this thesis

Currently, there are multiple ongoing randomised clinical trials that assess the impact
of aspirin on survival in colon cancer patients and it will take several years before these
results will be published and implemented in daily practice (table 2).

The aim of this thesis was to provide epidemiological evidence that could lead to
insights in the aetiology of commonly observed survival benefit in patients using non-
anticancer drugs, focussing on aspirin.

As mentioned previously, the results from current studies vary largely, creating
several knowledge gaps. The effect of aspirin on cancer has been investigated mostly in
colorectal cancer. Chapter two studies the association between aspirin and non-aspirin
NSAID’s and survival in patients with oesophageal cancer, in a cohort with combined data
of the Comprehensive Cancer Organisation (IKNL) and PHARMO cohort. In chapter three
this analysis was extended to patients with other gastrointestinal cancers, to verify if the
association was similar in other parts of the gastrointestinal tract. Chapter four focuses on
BRAF and KRAS mutations in patients with colon cancer. Would it be possible to identify
certain patient groups that benefit most from aspirin treatment? In chapter five we
performed a study to find out if the effect of aspirin is an effect that may be found in many
non-anticancer drugs, or that this effect is drug-specific. Many previous publications have
suggested that metformin use is associated with increased overall survival, however
with several methodological limitations. We aimed to study this association with proper
statistical techniques .

Chapter six was performed to see whether we could provide more epidemiological
evidence for the proposed anti-cancer effects of aspirin. The hypothesized mechanism
behind the survival benefit of aspirin is platelet-mediated. Circulating Tumour Cells (CTC's)
are physiologically surrounded by a cloak of thrombocytes, thereby guarding the CTC's
from clearance by the immune system.? Aspirin, a thrombocyte aggregation inhibitor,
maybe able to make this cloak disappear and then the CTC’s become detectable to the
immune system. Natural killer cells will clear the CTC’s from the circulation and in that
manner metastasis could be prevented.?’ However, there are more drugs that prevent
thrombocyte aggregation, such as dipyridamole or clopidogrel. In this study we analysed
if these drugs are also associated with an improved survival.

Chapter 7 is a critical appraisal of possible bias in the current retrospective studies of
aspirin use for secondary cancer prevention. Could it be possible that the survival benefit
associated with the use of aspirin is just a healthy user effect?

Finally an overall summary and discussion is provided in chapter eight.

Table 2: Overview of current ongoing trials for the effect of aspirin use after diagnosis in patients with colorectal cancer

Expected
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Participating countries

-
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Trial name and
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=
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g
=
=
=
=
-1}
£
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[:-3
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£
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£
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-]
(7}
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=

=
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©

registration number

recruitment

2026

2016

UK

5yr DFS

aspirin or placebo, during

100 mg, 300 mg of daily
5 years

Stage Il and Il
adenocarcinoma

2600
colorectal

oesophagus, prostate

Colorectal, stomach,
and breast cancer

Add-aspirin trial*
(ISRCTN74358648)

(total: 9920)

2021

2016

3 year Sweden, Norway

160 mg of daily aspirin or
placebo during 3 years

3900 Stage Il and Il

Colorectal cancer

ALASCCA trial

time to

PIK3CA mutated
patients

(NCT02647099)

recurrence

2022

2012

Singapore, Australia, India, China,
Hong-Kong, South-Korea, Malaysia,

3yr DFS

300 mg of daily aspirin or
placebo during 3 years

1200 Dukes B or C

Colorectal cancer

ASCOLT trial
(NCT00565708)

Taiwan, Saudi-Arabia, Indonesia and

the Philippines

2022

2015

Netherlands, Belgium, Portugal

5yr0S

100 mg of daily aspirin or
placebo during 5 years

adenocarcinoma

Stage Il or Il

1588

Colon cancer

ASPIRIN trial
(NCT02301286)

2018

2015

Switzerland, Hungary

3yr DFS

300 mg of daily aspirin or
placebo during 3 years

Stage Il and Il
adenocarcinoma,

896

Colorectal cancer

SAKK 41/13
(NCT02467582)

PIK3CA mutated
patients

“Only the specifications of the colorectal arm of the Add-aspirin trial are provided in this overview

Abbreviations:

DFS: Disease-Free Survival
0S: Overall Survival

PIK3CA: phosphatidylinositol 3-kinase
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ABSTRACT

Background

Aspirin use has been shown to lower incidence and mortality in cancer patients.The
aim of this population-based study was to determine the effect of postdiagnosis low dose
aspirin use on survival of patients with esophageal cancer.

Methods

Patients with esophageal cancer (1998-2010) were selected from the Eindhoven
Cancer Registry and linked with out-patient pharmacy data regarding aspirin and
nonsteroidal anti-inflammatory drugs (NSAIDs). Users were subdivided in both
prediagnosis and postdiagnosis or only postdiagnosis users. Parametric survival models
with an exponential (Poisson) distribution were used with non-specific death as endpoint.

Results

In this study 560 patients were included. Overall, 157 patients (28.0%) were non-users,
293 patients (52.3%) pre- and postdiagnosis (89 aspirin and 204 NSAID users) and
110 patients (19.6%) only postdiagnosis users (16 aspirin and 94 NSAID users).
Postdiagnosis aspirin use was associated with overall survival (RR 0.45 (95% CI 0.34-0.60;
p<0.001); adjusted rate ratio was 0.42 (95% Cl: 0.30-0.57; p<0.001). Postdiagnosis use of
NSAIDs was associated with overall survival (RR 0.61 (95% CI 0.49-0.76; <0.001), however
adjusted analyses did not show a significant association with a rate ratio of 0.84 (95%ClI
0.66-1.07; p=0.2).

Conclusion

Our study shows that postdiagnosis aspirin use might be associated with a higher
survival rate in esophageal cancer patients. A randomized clinical trial is needed to verify
our observations of possible postdiagnosis aspirin use benefit.

INTRODUCTION

In 2008 an estimated 482,300 new esophageal cancer cases and 406,800 esophageal
cancer deaths occurred worldwide." Prognosis of patients with esophageal cancer is poor;
the ten-year survival rate in all patients is approximately 14%.%2 Regular use of aspirin
and other NSAIDs has been shown to have a chemo-preventive effect on the incidence of
multiple cancers®®, including esophageal cancer.” In a meta-analysis by Corley D.A. et al.
regular aspirin and NSAID use showed a protective association with esophageal cancer,
with summary odds ratios (95% CI) of 0.50 (0.38-0.66) and 0.75 (0.54-1.00), respectively."
Also, regular use of aspirin has been shown to have therapeutic effects on the overall and
cancer-specific survival of several types of cancers.*5 ™

Aspirin and NSAIDs are inhibitors of prostaglandin endoperoxide synthase 1 and 2
(PTGS1,2 also known as COX1,2); enzymes involved in the formation of prostaglandins.
However, the exact biological mechanisms involved in the anti-cancer effects of aspirin
are still unknown. Low-dose use of aspirin irreversibly inhibits the constitutive COX1
expression of circulating platelets. Only high-dose and frequent aspirin use is believed to
be capable of inhibiting the induced COX2 expression in systemic tissues.'

The expression of COX2 has been shown to be upregulated in most esophageal tumors
and has prognostic significance.' ' Experimental data also showed that inhibition of
COX2 expression inhibit cell proliferation and induces apoptosis in human esophageal
squamous cell carcinoma in vitro.'” Furthermore, aspirin has been demonstrated to have
COX-independent effects on tumor cells.'®

Consequently, aspirin and other non-steroid anti-inflammatory drugs could have an
effect on cancer specific survival and overall survival. Cancer specific survival could be
affected by taking aspirin after diagnosis due to the mimicking of adjuvant therapy in
order to prevent metastases, but also on overall survival as the cancer related mortality
of esophageal cancer is high. A preliminary experimental study showed a beneficial effect
of postoperative use of aspirin on the survival of patients with esophageal cancer; the
5-year survival for the aspirin users was 51.2%, for the placebo group 41.0% and for the
patients who used no tablets it was 42.3% (p=0.04 or p=0.029 when the last two groups
were combined)", however, the results are still indecisive as no significant survival gain
was observed in the any of the TNM staging groups. The effect of postdiagnosis use of
aspirin and NSAIDs on overall survival of esophageal cancer has not been studied in a
population-based study yet. Therefore, the aim of this observational study is to determine
the effect of postdiagnosis use of aspirin and NSAIDs on the overall survival of patients
with esophageal cancer, using a combined database of registered drug use and data from
a regional cancer registry.'

METHODS

The Eindhoven Cancer Registry (ECR) is maintained by the Comprehensive Cancer
Centre Netherlands and comprises information on newly diagnosed cancer patients in
the southeastern part of the Netherlands. The ECR is served by 10 hospitals in an area
of approximately 2,4 million inhabitants. Patients diagnosed with esophageal cancer
between 1998 and 2010 were selected from the ECR with no exclusion criteria. Patients
are informed about the registration and registered unless the patient has objected to be
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registered. The Netherlands Cancer Registry is obliged to work according to the law about
protection of privacy data; consent of the patients for this specific study was not applicable.
The data from the ECR were linked to the central patient database of the PHARMO Database
Network as described elsewhere.18 Data regarding the dispensing of aspirin and NSAIDs

(a single dispensing for aspirin was usually for 90 days, for NSAIDs 30 days) were extracted
from the Out-patient Pharmacy Database of the PHARMO Database Network. Linkage of
cancer registry data with the municipal population registries, which document the vital
status of their inhabitants, resulted in a reliable vital status of every patient.

Definition of user

Dispensings of aspirin and NSAIDs were extracted from the PHARMO Out-patient
Pharmacy Database (see Supplementary Table 1). The majority of dispensings of low dose
aspirin was 80 mg (98.1%); 30 mg aspirin was only dispensed 92 times from a total of
4835 dispensings (1.9%). Users were defined as patients who had at least one dispensing
for aspirin or NSAIDs for at least 14 days. Patients were classified as non-users if they
used any dispensed aspirin or NSAIDs for less than 14 days. Frequent users were defined
as users that had =30 or =45 dispensings. Besides, we defined a subgroup of frequent

Table 1: Characteristics of the esophageal cancer patients included in the cohort

Varible | N_ | Variable N "

Sex Stage

Male 423 755 I 45 8.0
Female 137 245 Il 89 15.9
Age m 104 18.6
<60 164 29.3 \% 186 33.2
60-70 173 309 Unknown 136 243
70-80 153 21.3 Grade

80+ 70 12.5 | 28 5.0
Histological type I 150 26.8
scc 190 339 n 215 38.4
AC 330 58.9 Unknown 167 298
Squamo- 5 0.9 Surgery

adenocarcinoma Yes 178 318
Ll % 6.3 No 382 68.2
Localization Chemotherapy

Upper third 23 4.1 Yes 177 316
Middle third 83 14.8 No 383 66.4
Lower third 420 75.0 Radiotherapy

GE-junction 16 29 Yes 328 586
Cervical 10 1.8 No 232 414
Unknown 8 1.4

Abbreviations: SCC = squamous cell carcinoma, AC = adenocarcinoma, GE-junction = gastroesophageal junction

users who had more than 20 dispensings solely postdiagnosis, irrespective of the number
of dispensings prediagnosis.

In order to divide the users into subgroups, the date of dispensing was compared
with the date of diagnosis. Subsequently, users were subdivided in both prediagnosis
(use of aspirin or NSAIDs at any time or duration before cancer diagnosis) and
postdiagnosis users, only postdiagnosis users, and a group containing both groups
(postdiagnosis users). Patients were defined as ‘only postdiagnosis’ if they started using
medication for at least 14 days after diagnosis. Patients were classified as ‘prediagnosis
and postdiagnosis’ users if they used a medication before diagnosis and still used that
medication for at least 14 days after diagnosis. ‘Postdiagnosis users’ were defined as
pre- and postdiagnosis users and only postdiagnosis users combined; thus it includes
all postdiagnosis users, irrespective of when they started the aspirin or NSAIDs. Some
patients (n=113) had both dispensings for aspirin and (other) NSAIDs; they were included
in the aspirin group when the number of dispensings for aspirin exceeded the number of
dispensings for NSAIDs and vice versa if the number of dispensings for NSAIDs exceeded
the number of dispensings for aspirin.

Definition of follow-up time

Because the PHARMO Out-patient Pharmacy database comprises GP or specialist
prescribed healthcare products dispensed by the out-patient pharmacy, drugs use of
discharged patients, follow-up time started from 14 days after diagnosis (T0) of the
esophageal cancer and ended at the last contact date or time of death. Consequently,
all patients who died within 14 days before TO were excluded. Time to first dispensing
was defined as the time fromTO to the date of the first dispensing.

Survival analysis

In the overall survival analysis with time-dependent exposure of aspirin or NSAIDs,
patients were defined as non-users fromT0 to the date of first use of aspirin or NSAIDs
and user from date of first use to the last contact or time of death. To analyze the
association of aspirin or NSAID use on overall survival, parametric survival models with
exponential (Poisson) distribution were used. Non-specific death was coded as event in
the survival analyses. Univariable analyses were performed to assess the association
between aspirin or NSAID use and overall survival and multivariable models were built
to adjust for sex, age, histological type, location of the tumor, comorbidity, grade, stage,
surgery, chemotherapy and radiotherapy. It was possible to adjust for the presence of the
following comorbidities: lung diseases, other types of cancer, cardiovascular diseases,
hypertension, cerebrovascular accidents, digestive diseases and diabetes. We adjusted
for these comorbidities by grouping the comorbidities in none or at least 1 comorbidity.
Furthermore, the survival analysis was stratified for postdiagnosis aspirin users in
prediagnosis and postdiagnosis, only postdiagnosis users and a combined group.

RESULTS

In this observational study 560 patients diagnosed with esophageal cancer from
1998 to 2010 were included with a follow-up until December 2011. The patient and tumor
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characteristics of this cohort are shown inTable 1. Median age at diagnosis was 66 years
(interquartile range 23-97). Overall, 76% of the patients were males (n=423) and 24%
were females (n=137). In total, 59% of the patients were diagnosed with adenocarcinoma
(n=330) and 33% of the patients were diagnosed with squamous cell carcinoma (n=190).

From all patients 157 patients (28%) were non-users of any dispensed aspirin and NSAIDs.

In total, 204 patients (36%) and 89 (16%) used NSAIDs or aspirin both prediagnosis
and postdiagnosis, 94 patients (17%) and 16 patients (3%) used NSAIDs or aspirin only
postdiagnosis, respectively.

Table 2 shows the association between patient and tumor characteristics and aspirin
or NSAID use. Patients who used aspirin only postdiagnosis were younger compared
to prediagnosis and postdiagnosis users and none users (p=0.005). Half of the only
postdiagnosis aspirin users were diagnosed with early stage tumors (stage | and Il),
in contrast, only 12% and 32% of the pre and postdiagnosis aspirin users and none
users were diagnosed with stage | or ll, respectively. Furthermore, none of the only
postdiagnosis aspirin users were diagnosed with stage IV, whereas pre and postdiagnosis
aspirin users and none users were more frequently diagnosed with stage IV tumors (25%
and 45% respectively).

Pre and postdiagnosis NSAIDs users were younger compared to only postdiagnosis
NSAIDs users and none users (p=0.005). Pre and postdiagnosis NSAIDs users were
also more frequently diagnosed with early stage tumors (29%) than only postdiagnosis
NSAIDs users (22%) and none users (12%). Only postdiagnosis NSAIDs users had less
stage IV tumors at diagnosis (25%) than pre and postdiagnosis NSAIDs users (34%) and
none users (45%). No differences were observed in the distribution of the sex of the
patients and the grade of the tumors between the different subgroups (p>0.05).

Survival analysis

Table 3 shows the time-dependent (overall) survival analysis for non-users and users
of aspirin. Median follow-up time was 0.83 years (range 0 — 13.83); with a median follow-
up for deceased patients of 0.55 years (range 0 — 10.54) and 3.30 years (range 1.0 — 13.80)
for patients still alive at the end of follow-up. Prediagnosis and postdiagnosis use of
aspirin was associated with a significant survival gain namely in crude analyses (RR
0.55 (95%Cl 0.41-0.74; p<0.001) and in multivariable analyses with a RR of 0.44 (95% ClI:
0.31 - 0.61; P<0.001) after adjusting for the above mentioned confounders. Furthermore,
only postdiagnosis aspirin use was associated with a significant reduction of the overall
mortality rate ratio RR 0.15 (95% Cl: 0.07 — 0.32; P<0.001). After adjusting for sex, age,
grade, stage, histological type, location of the tumor, treatment and comorbidities the
multivariable RR was 0.29 (95% CI: 0.12 - 0.70; P=0.006). Any postdiagnosis aspirin use
did also result in a significant better survival outcome with a crude RR of 0.45 (95%Cl
0.34-0.60; p<0.001) and an adjusted RR of 0.42 (95%CI: 0.30 - 0.57; P<0.001). Frequent
postdiagnosis users of more than 30 dispensings showed a crude RR of 0.56 (95%Cl
0.39-0.82; p=0.003) and a similar adjusted RR of 0.49 (95%Cl: 0.33-0.73; p<0.001), while
frequent users of more than 45 dispensings showed a stronger association with an
adjusted RR of 0.36 (95%CIl: 0.21-0.62; p<0.001 (crude RR 0.43 (95%CI 0.25-0.73; p=0.002))).

Table 2: Differences in patient and tumour characteristics between none-user, prediagnosis & postdiagnosis and only
postdiagnosis users of aspirin or NSAIDs

Preand | Only NSAIDs Preand | Only post-
post- post- use post- diagnosis
diagnosis | diagnosis diagnosis
N (%) | N(%)* N (%)* N (%) | N(%)* N (%)*
Sex Sex
Male 115(73.2) | 72(80.9)  11(68.8) 0.3 Male 115(73.2)  156(76.5)  69(76.4) 0.7
Female 42 (26.8)  17(19.1) 5(31.2) Female 42 (26.8)  48(23.5) 25(26.6)
Age Age
<60 40(25.5) 11(124)  6(37.5) 0.005 <60 40(25.5)  78(38.2)  29(30.9) 0.005
60-70 45(28.7)  20(225)  5(31.2) 60-70 45(28.7)  70(34.3)  33(35.1)
70-80 42(26.8)  42(47.2) 5(31.2) 70-80 42(26.8)  43(21.1) 21(22.3)
80+ 30(19.1) 16(18.0)  0(0.0) 80+ 30(19.1)  13(6.4) 11(11.7)
Grade Grade
| 7(4.5) 5(5.6) 2(12.5) 0.7 | 7(4.5) 12(5.9) 2(2.1) 05
I 38(242) 26(29.2)  4(25.0) Il 38(24.2) 53(26.0)  29(30.9)
M1l 65(41.4) 30(337)  6(37.5) M1l 65(41.4) | 83(40.7)  31(33.0)
Unknown 47(29.9) 28(31.5)  4(25.0) Unknown 47(29.9) 56(27.5)  32(34.0)
Stage Stage
| 7(4.5) 8(9.0) 2(12.5) <0.001 | 7(4.5) 24.(11.8) 4(4.3) <0.001
Il 12 (7.6) 20(22.5)  6(37.5) Il 12 (7.6) 34(16.7)  17(18.1)
M1l 26(16.6)  13(14.6)  4(25.0) M1l 26(16.6)  40(196)  21(22.3)
v 71(452)  22(24.7)  0(0.0) v 71(452) 70(343)  23(24.5)
Unknown ' 41(26.1)  26(29.2)  4(25.0) Unknown | 41(26.1)  36(17.6)  29(30.9)
Comorbidities Comorbidities
Atleast  109(69.4) 132(64.7) @ 62(66.0) 0.6 Atleast  109(69.4) 132(64.7) @ 62(66.0) 0.6
one one
Other 22(140) 31(15.2)  15(16.0) 0.9 Other 22(140) 31(15.2)  15(16.0) 09
cancer cancer
Lung 17(10.8) | 25(12.3)  13(13.8) 0.8 Lung 17(108)  25(12.3)  13(138) 0.8
diseases diseases
Digestive  12(7.6) 21(10.3)  3(3.2) 0.1 Digestive 12 (7.6) 21(103)  3(32) 0.1
diseases diseases
Hyper- 28(17.8)  43(21.1)  15(16.0) 0.5 Hyper- 28(17.8)  43(21.1)  15(16.0) 0.5
tension tension
CVA 9(5.7) 4(2.0) 3(3.2) 0.2 CVA 9(5.7) 4(2.0) 3(3.2) 0.2
CvD 32(204)  44(21.8)  17(18.1) 0.8 CVD 32(204) 44(218)  17(18.1) 0.8
Diabetes  15(9.6) 17 (8.3) 6(6.4) 0.7 Diabetes  15(9.6) 17(8.3) 6(6.4) 0.7

Abbreviations: CVA = cerebrovascular accident, CVD = cardiovascular disease,
*Data represented here are column percentages within the subgroups.

Frequent users of more than 20 dispensings solely postdiagnosis (irrespective of the
number prediagnosis) showed a lower crude (RR 0.23 (95%Cl 0.11-0.50; p<0.001) and

adjusted RR of 0.25 (95%Cl: 0.11-0.54; p<0.001), although the number of users (n=14) was
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Table 3: Time-dependent overall survival analysis (crude RR and adjusted RR) for non-users and users of aspirin or

NSAIDs
e et | paaie | Adusod i s

Aspirin pre and Non-user 157 = 129 | Reference <0.001 ' Reference <0.001
postdiagnosis User 89 67 055(041-074) 044(031-061)
Aspirin only Non-user 157 129  Reference <0.001 = Reference 0.006
postdiagnosis User 16 7 015(007-032) 029/0.12-0.70)
Aspirin Non-user 157 129  Reference <0.001 = Reference <0.001
postdiagnosis ¥

User 105 74 0.45(0.34-0.60) 0.42 (0.30—-0.57)

Non-user 215 171  Reference 0.003 ' Reference <0.001

Frequent user (>30) 47 32 0.56(0.39-0.82) 0.49(0.33-0.73)

Non-user 237 188  Reference 0.002 = Reference <0.001

Frequent user (>45) 25 15 0.43(0.25-0.73) 0.36 (0.21-0.62)

Non-user 248 196 Reference <0.001 = Reference <0.001

Frequent user post- 14 7 0.23(0.11-0.50) 0.25(0.11-0.54)

diagnosis (>20)

N | E** | Crude RR p-value | Adjusted RR* p-value

NSAID pre and Non-user 157 129 Reference <0.001 Reference 0.02
postdiagnosis User 204 146 045(0.36-057) 0.72 (0.5 - 0.95)
NSAID only Non-user 157 129 Reference 0.05 Reference 02
postdiagnosis User 9 76 075(0.57-1.00 0.81(059-1.11)
NSAID Non-user 157 129  Reference <0.001 Reference 0.2
postdiagnosis £ User 298 222 061(0.49-0.76) 0.84 (0.66— 1.07)

T = Pre and postdiagnosis and only postdiagnosis users combined. **E = number of events, RR = Rate Ratio
* = Adjusted for sex, age, grade, stage, morphology, histological type, location of the tumour, treatment and comorbidities

low in this group. Figure 1 shows the survival curve of postdiagnosis aspirin users and
none users.

Figure 2 shows the stratified analysis of postdiagnosis aspirin use. Stratified analysis
showed the point estimate of aspirin use is lower for females adjusted RR 0.24 (95%
Cl: 0.10 — 0.55; P<0.001) than males 0.55 (95% CI: 0.37 — 0.80; P=0.002). The estimate of aspirin
users compared with non-users when having early stage tumors were lower adjusted RR 0.33
(95% CI: 0.15 - 0.74; P=0.007) than in patients with late stage tumors RR 0.56 (95% Cl: 0.35 -
0.89; P=0.01). Moreover, the point estimate in patients with squamous cell carcinoma adjusted
RR 0.34 (95% CI: 0.18 — 0.63; P<0.001) was lower than in patients with adenocarcinoma
RR 0.43 (95% CI: 0.28 - 0.65; P<0.001). Furthermore, the point estimates of aspirin use were
lower in patients who underwent surgery (RR 0.40 (95%Cl 0.20-0.79) versus RR 0.45 (95%Cl
0.31-0.66) in patients who did not undergo surgery), chemotherapy (RR 0.38 (95%CI 0.17-0.86)
versus RR 0.43 (95%Cl 0.30-0.62) in patients who were not treated with no chemotherapy) or
radiotherapy (RR 0.39 (95%CI 0.26-0.58) versus RR 0.47 (95%Cl 0.27-0.84) in patients who were
not treated with radiotherapy than in untreated patients.

Figure 1: Overall survival curve for postdiagnosis use or non-use of aspirin in patients with oesophageal cancer
(pre and postdiagnosis users and only postdiagnosis users combined).

1 1 Aspirin users
Non-users

0.6

Overall survival

Time (years)

Table 3 also shows the time-dependent survival analysis for non-users and users
of NSAIDs. Prediagnosis and postdiagnosis use of NSAIDs did result a significant
survival gain with a RR of 0.45 (95% CI: 0.36 — 0.57; P<0.001). After adjusting for possible
confounders the adjusted mortality rate ratio for prediagnosis and postdiagnosis NSAIDs
use was significant 0.72 (95%Cl: 0.55 — 0.95; P=0.02). Only postdiagnosis NSAIDs use
however was not associated with a better survival outcome in the adjusted analyses with
a RR of 0.81 (95% ClI: 0.59 — 1.11; P=0.2). Any postdiagnosis NSAIDs was associated with
overall survival in the crude analyses (RR 0.61 (95%CIl 0.49-0.78; p<0.001), however did
not result in a significant survival gain in the multivariable analyses with an adjusted
RR of 0.84 (95%Cl: 0.66 — 1.07; P=0.2).

DISCUSSION

This study shows an possible association between postdiagnosis aspirin use and
overall survival in patients with esophageal cancer. Our results are the first to suggest
an association of aspirin use after diagnosis and survival in esophageal cancer patients.
Studies so far focused on the effect of aspirin and NSAIDs use on the risk of developing
esophageal cancer. Also, the effect seems to be aspirin-specific; the postdiagnosis use of
NSAIDs had no significant effect on outcome. Furthermore, the stratified analysis shows
an association of survival with aspirin use consistent amongst different subgroups,
including gender, age and tumor cell type.

Although our results suggest a consistent survival effect of aspirin use in patients with
adenocarcinoma and squamous cell carcinoma, the effect might differ between patients
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Figure 2: Stratified analysis for postdiagnosis aspirin use (pre and postdiagnasis users and only postdiagnosis
users combined).
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with tumors of a different tumor cell type. It is not clear which mechanisms cause this
difference in effect of low-dose aspirin use. Furthermore, the survival effect of aspirin use
was stronger in only postdiagnosis aspirin users than in ‘prediagnosis and postdiagnosis’
aspirin users. It is plausible that tumors who developed in presence of low plasma levels
of aspirin are also not oppressed by low dose postdiagnosis aspirin use. The effect might
differ between patients with an early stage tumor RR 0.33 (95% ClI: 0.15 — 0.74; P=0. 007)
than for late stage tumors. This might be explained by the assumed predominant anti-
cancer effect of aspirin. Because the effect is also seen in the late stage tumors, the idea
that the effect of aspirin is multifactorial is confirmed."

The biological mechanisms involved in the anti-cancer effect of aspirin are not (yet)
fully understood, but recent evidence points out a role of platelets. Aspirin inhibits COX1
expression in platelets which disrupts platelet activation and the subsequent secretion of
a-granules containing TGF-3 and PDGF. These growth factors are involved in the epithelial-
mesenchymal transition (EMT) of circulating tumor cells; thus aspirin might diminish the
metastatic potential.?>?' Furthermore, aspirin use might also induce COX-independent
effects on platelets, for example by the acetylation of proteins and metabolites and these
other mechanisms could be involved in the chemopreventive effect of aspirin.'®

Recently, several molecular epidemiological studies have been performed to
identify the subset of patients with colorectal cancer who will benefit from aspirin by
chemoprevention or as adjuvant therapy and showed in two studies that the observed
significant survival gain of postdiagnosis aspirin use was present in mutated-PIK3CA
tumors, but not in PIK3CA wild-type tumors.?> 2 However, PGTS2-specific inhibition by
rofecoxib did not improve the relapse-free survival in PIK3CA-mutated tumors (p=0.66).%=
In contrast, the analysis of 999 colorectal tumor blocks resected from 2002-2008 in the
Netherlands showed no association of survival benefit of postdiagnosis use of aspirin
with tumors with mutated-PIK3CA and COX2-expression.The survival benefit of low dose
postdiagnosis aspirin use did depend on the presence of another biomarker; patients
with tumors with HLA Class | antigen expression showed a significant survival gain, but
patients with tumors without HLA Class | antigen expression did not.™

The value of PIKBCA-mutation status and COX2-expression levels as biomarkers
in colon cancer remains inconclusive.™ 22 Also, the mutation frequency of PIK3CA
in esophageal squamous cell carcinomas and adenocarcinomas is lower, namely
4.5%?* respectively 6.0%% than the reported mutation rates of 11-17%'% 222627 jn the
tumor specimens of colorectal carcinomas. Therefore, future molecular pathological
epidemiological studies should focus on a combination of potential biomarkers to
examine the therapeutic effect of postdiagnosis aspirin use in patients with esophageal
cancer.

The present observational study has several limitations. First, as baseline
characteristics (which are associated with survival) of non-users and aspirin users
differ, the survival effect of aspirin could also partially be caused by healthy-user bias.
As shown in table 1, the users are younger and have a lower stage of disease at the
moment of diagnosis which are associated with survival, however they are also more
often diagnosed with comorbidities. We adjusted for these factors in the multivariable
analyses, but residual confounding may be present and as a result of the lower number
of users it remains questionable if we adjusted sufficiently, especially in the group of
‘only post-diagnosis’ users. However, the survival analysis of the ‘prediagnosis and
postdiagnosis’ also resulted in a strong survival effect with an adjusted RR of 0.44 (95%
Cl: 0.31-0.61). The analyses of frequent users showed a stronger association in frequent
users, although only present in the users with a high number of dispensings. A second
limitation of the present study is the low number of ‘only postdiagnosis’ aspirin users in
the patient cohort which might influence the results. Larger studies with a higher number
of postdiagnosis aspirin users are needed to confirm the results. A third limitation of the
study could be “over the counter-use” of aspirin. However, low dose aspirin is mainly
available on dispensing in the Netherlands, but we cannot rule out the possibility of
over the counter use of (higher) aspirin doses which are available as we did not have
information regarding the use of aspirin or NSAIDs by patients at home. Lastly, aspirin is
usually prescribed by the means of cardiovascular chemoprevention, thus confounding
by indication could be a problem. It is however not likely that the indicators of an elevated
risk of cardiovascular disease provide user patients with a beneficial survival prognosis
with respect to non-user patients. Also, the survival effect of aspirin use cannot only be

w
]

SINILvd HIINY] T¥IYHA0S3 40 TYAIRAS NO SISONIYIO #3L4Y 35N INYQ AYOLYWINVTINI-ILNY TYQIOHILS-NON ONY NIYIASY 40 133443 IHL € HLdYHI



w
(@)}

THE EFFECT OF ASPIRIN AND NON-STEROIDAL ANTI-INFLAMMATORY DRUG USE AFTER DIAGNOSIS ON SURVIVAL OF ESOPHAGEAL CANCER PATIENTS o CHAPTER 2

explained by a reduction of cardiac events; in the meta-analysis of six primary prevention
trials and 16 secondary prevention trials by Baigent C. et al. the survival gain of aspirin
use was lower than the survival gain observed in the present study and showed a pooled
gain (for primary and secondary prevention of vascular disease) of approximately

5%.28 One of the major strengths of our study was the use of a database of dispensed
medication, by which we avoided recall-bias.

Our study suggests that patients with esophageal cancer might benefit more from
postdiagnosis aspirin use than patients with colon cancer.These results are in line with
previous data of Rothwell’s study of the long-term risk of cancer-related death in daily
aspirin users; the 20-year cancer-related mortality was lower for patients with esophageal
cancer 0.42 (95% Cl: 0.25 - 0.71) than for patients with colon cancer 0.60 (95%Cl: 0.45 —
0.81).%

In the future, a randomized clinical trial is needed to verify our epidemiological
observations of the benefits of postdiagnosis aspirin use in patients with esophageal
cancer. Furthermore, it is important to identify the subgroups in which the benefits of
low-dose postdiagnosis aspirin might outweigh the risks of severe adverse effects like
gastrointestinal bleeding. The identification of biomarkers could predict in which patients
low-dose aspirin has a significant survival effect. Because aspirin is already a well-tested
and cheap drug, it could have a beneficial clinical impact when introduced as an adjuvant
therapy in patients with esophageal cancer.

Supplementary Table 1: Aspirin and NSAIDs dispensed by the out-patient pharmacy in the selected patients with

oesophageal cancer

Name Code
Acetylsalicyzuur BO1ACO6 (30/80 mg)*
Acetylsalicylzuur NO2BA01 (300/500 mg)
Indometacine MO01ABO1
Sulindac M01ABO2
Diclofenac M01ABO5
Biofenac MO1AB16
Arthrotec MO01AB55
Piroxicam MO1ACO1
Meloxicam MO1ACO6
lbuprofen MO1AEQ1
Naproxen MO1AEQ2
Ketoprofen MO1TAEQ3
Surgam MO1TAET1
Seractil MO1AE14
Celebrex MO1AHO1
Vioxx MO1AH02
Bextra MO1AH03
Arcoxia MO1AHO5
Nabumeton MO1AX01
Carbasal NO2BA15
ACCod NO2BA51

Total number of dispensings

*=98.1% of the dispensings were 80 mg, 1.9% 30 mg

Number of dispensings

4835
7

69
25
1676

212

86
289
704
917

19
191

87

57

31

9342
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Abstract
Background

Previous studies suggested a relationship between aspirin use and mortality reduc-
tion. The mechanism for the effect of aspirin on cancer outcomes remains unclear.The
aim of this study was to evaluate aspirin use and survival in patients with gastrointestinal
tract cancer.

Methods

Patients with gastrointestinal tract cancer diagnosed between 1998-2011 were inclu-
ded.The population-based Eindhoven Cancer Registry was linked to drug dispensing data
from the PHARMO Database Network. The association between aspirin use after diagnosis
and overall survival was analysed using Cox regression models.

Results

In total, 13,715 patients were diagnosed with gastrointestinal cancer. A total of 1008
patients were identified as aspirin users, and 8278 patients were identified as nonusers.
The adjusted hazard ratio for aspirin users versus nonusers was 0.52 (95% CI 0.44-0.63).
A significant association between aspirin use and survival was observed for patients with
oesophageal, hepatobiliary and colorectal cancer.

Conclusions

Post-diagnosis use of aspirin in patients with gastrointestinal tract malignancies is as-
sociated with increased survival in cancers with different sites of origin and biology. This
adds weight to the hypothesis that the anti-cancer effects of aspirin are not tumour-site
specific and may be modulated through the tumour micro-environment.

Introduction

The incidence of cancer is increasing, particularly in low-and medium resource
countries; by the end of 2015 there were an estimated 15-2 million new cases globally
with a predicted increase to 21.6 million by 2030." The cost of healthcare is also increasing,
and there is a real need for reasonably priced, widely available therapeutics to improve
cancer outcomes. Although, the US Food and Drug Administration has approved a higher
percentage of oncology drugs since 2008, many of these are expensive targeted agents
with approvals based on surrogate endpoints, and infrequently improve overall survival.?
Aspirin (acetylsalicylic acid) was originally synthesized and used as an analgesic in 1897,
with the antiplatelet functions of low-dose aspirin subsequently discovered in the early
1970’s. This latter discovery led to many large randomised controlled trials delineating
the role of aspirin in the treatment and prevention of vascular disease. Retrospective
long-term analyses of cancer outcomes in these randomised trials have revealed two
interesting phenomena. Firstly, there was a 24% reduction in cancer incidence in patients
allocated to aspirin, and this effect was seen across tumour types but was most marked
in tumours arising from the gastrointestinal tract. Secondly, if cancers did develop they
were less likely to have metastasised at presentation or subsequently if the patient
received aspirin.>®

Much of the work to date relating to aspirin and cancer has focussed on colorectal
cancer. In particular there have been several epidemiological studies showing a
reduction in cancer mortality and improved overall survival for patients taking aspirin
after a diagnosis of colorectal cancer.”" This has led to several ongoing adjuvant
studies in colorectal cancer; the Add-Aspirin trial,'? Adjuvant Aspirin for Colon Cancer
(NCT02467582), the ALASCCA trial (NCT02647099), the ASCOLT trial (NCT00565708), and
the Aspirin trial (NCT02301286). In addition, two other randomised controlled trials have
focussed on primary prevention, and after long-term follow up showed a beneficial effect
on primary prevention in both hereditary and sporadic colorectal cancer.5'® Also, a meta-
analysis of four other randomised controlled trials showed an absolute risk reduction of
6:7% for the recurrence of adenoma’s in patients with a history of these lesions.™

The mechanism(s) underlying the beneficial effects of aspirin on cancer outcomes
remains unclear. Several different potential biomarkers have been investigated, but due
to the multiple potential cellular pathways and conflicting results of previous studies,
the mechanism of action remains unknown, though platelets may play a central role.™
The aim of this study was to provide epidemiological evidence and further mechanistic
insights on the potential beneficial effects of aspirin use after diagnosis of cancer that
arises from any part of the gastrointestinal tract. Because many studies have tried to
differentiate effects of aspirin use both before and after diagnosis, an additional analysis
was performed including the patients that use aspirin both pre- and postdiagnosis.
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Materials and Methods
Study population

Data from the Eindhoven Cancer Registry was used to identify patients diagnosed with
cancer of the gastrointestinal tract between January 1998 and December 2011 in the south
of the Netherlands. This area is served by ten hospitals, covers a demographic region
of approximately 1-5 million Dutch citizens and is part of the nationwide Netherlands
Comprehensive Cancer Organisation. The Eindhoven Cancer Registry is linked to the
municipal population registry, which records the vital status (alive/dead) of all inhabitants.
Patients are informed about the registration and registered except patients who objected
to be registered. The Netherlands Cancer Registry is obliged to work according to the law
about protection of privacy data; informed consent of the patients for this specific study
was not applicable. Patient selection and data cleaning was performed by the Eindhoven
Cancer Registry. Follow up for this project was until 31 December 2012.

The PHARMO Database Network is a population-based network which combines
data from different healthcare settings in the Netherlands. For this study the out-
patient pharmacy database was used, which contains drug-dispensing records from all
community pharmacies. Drugs are coded using the Anatomical Therapeutic Chemical
classification (www.whocc.no/atc_ddd_index) and the records include information on the
type of product, date prescribed, dose and regimen, quantity, and route of administration.
The PHARMO database was linked to the Eindhoven Cancer Registry and thus allows
drug use by cancer patients to be analysed.' From this linked database, prescriptions for
aspirin (only the ones that were actually dispensed) were selected.

Definition of users and nonusers

For this study, patients older than 18 years who used aspirin after a diagnosis of a
gastrointestinal cancer were selected. The gastrointestinal tumours were coded according
to the International Classification of Disease 10 [ICD-10] C15-C26. This comprises cancer
from the following sites: oesophagus, stomach, small intestine, colon, recto-sigmoid and
rectum, anus, liver and intra hepatic bile ducts, gallbladder and extra hepatic bile ducts,
pancreas, and a group ‘gastrointestinal tumours not otherwise specified (nos)".

Patients who used aspirin before diagnosis were excluded from the analyses. Aspirin
users (ATC codes: BOTAC06, BO1AC08, BO1AC56, NO2BA01, NO2BA15, NO2BA51, NO2BA65)
were defined as those prescribed aspirin for at least 30 days. Nonusers were defined as
patients who received for less than 30 days or never used aspirin. Time after diagnoses
was defined in periods of use and no use by analysing each single prescription during
follow up. Periods of less than 14 days in between two prescriptions were considered
consecutive. Follow up started 14 days after diagnosis because there was no information
about in-hospital use of medication. Immortal time bias is avoided by analysing
prescriptions as a time varying covariate, in periods of use and no use."®

Statistical analysis

Information from the ECR contained information about the presence or absence of
the following comorbidities at cancer diagnosis: lung disease, cardiovascular disease,
diabetes and disorders of the gastrointestinal tract, urinary tract, nervous system,

musculoskeletal system, and a group of other comorbidities. Comorbidity was analysed
as 0, 1 or =2 comorbidities. A Chi-square test was used to assess baseline characteristics
for categorical values.

Survival analysis were performed with the Simon-Makuch method, an alternative for
Kaplan Meier and with the ability to process time-varying covariates in survival curves.™
A Cox proportional hazards model was used with aspirin use as a time-varying covariate,
as described by Stricker et al.”® Schoenfeld residuals were tested to verify the assumption
of proportional hazards. Follow up duration (survival) was recorded in months from
diagnosis (t=0). Multivariable survival models were built with the following covariates:
age at diagnosis (continuous), sex, stage of cancer (categorical), number of comorbidities
(0, 1 or =2), treatment (surgery yes/no, radiotherapy yes/no, and chemotherapy yes/no).
Missing/unknown values were included in the multivariable model as missing indicator.
Analysis were performed using Stata statistical software version 12. Statistical tests were
two-sided and considered significant at the p<0.05 level.

Relative survival rates were used to take into account the risk of dying from causes
other than the disease of interest. The excess mortality reflects the difference between
the overall survival of patients and the survival that would be expected in the absence
of cancer.The excess mortality was calculated as the ratio of the observed (all-cause)
survival proportion to the expected survival proportion.?’ National life tables were used
to estimate background mortality (expected survival) according to sex, year of age and
incidence year. Relative Excess Risks were estimated using a flexible parametric model,
implemented in the Stata command stpm2.?'

Different parts of the gastrointestinal tract were analysed separately if there were
as at least ten aspirin users (therefore small bowel, anal cancer and gastrointestinal
tumours NOS were not considered separately). Histological subtypes (adenocarcinoma
and squamous cell carcinomas) were also analysed separately in groups with at least
ten aspirin users. Statistical interaction for this subgroup was tested by including an
interaction term in the model of aspirin use and histological subtype and significance
was assessed using the Wald test. A sensitivity analysis was performed by repeating
the analysis and excluding patients with stage |V disease and separately repeating the
analysis and excluding the first year of follow up from the analysis. The main analysis
and all subgroup analysis were pre-planned.

Pre- and postdiagnosis use of aspirin

For the analysis in patients that use both aspirin before and after diagnosis, the groups
were selected with the same method as described in the ‘definition of users and nonusers’
heading.The only difference was that patients who started aspirin use before diagnosis and
continued this after diagnosis were selected for the group of users of aspirin. Patients using
aspirin only after diagnosis were excluded for this analysis. The statistical analysis was also
equal to the analysis described above, where aspirin use was analysed as time varying
covariate, and the same factors were used for the multivariable analysis.
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Results

In total 13,715 patients were identified with a cancer of the gastrointestinal tract
diagnosed between January 1998 and December 2011. The following were excluded from
the analysis (CONSORT diagram Figure 1): 4,187 patients who were using aspirin prior to
diagnosis, 239 patients with follow up of less than 14 days and three patients below the
age of 18 years. Thus 9,286 patients were included in the survival analysis, of which 8,278
patients (person years: 4,375) did not use aspirin and 1,008 (person years: 2,150) used
aspirin after diagnosis. In total, 5,138 events (deaths) were recorded. Table 1 shows the
characteristics of this population.

Figure 1: Flowchart of patients selected for analysis

PHARMO region;
Patients with gastrointestinal cancer;
year of diagnosis 1998-2011
n=13715

| >

Nonusers and post diagnosis aspirin users

Exclude Only pre diagnosis aspirin users
n=4187

n=9528
| Exclude patients with followup < 14 days
} n=239
¢ Patients age <18 years
n=3

Total database population
n=9286

Non-users
n=8278

Aspirin users
n=1008

The majority of patients were diagnosed with colon cancer (43%), rectal cancer (25%)
and oesophageal cancer (10%). Median age at diagnosis was 68 years (IQR 59-76) in the
aspirin group and 69 (IQR 61-74) in the nonusers group. Aspirin users were less often
female and more frequently diagnosed with stage | and Il disease compared to nonusers.
In the nonusers group, 26% of patients had stage IV disease compared to 9% in the
aspirin users group. Median survival for all patients was 48 months.

Figure 2 shows survival curves for users of aspirin after diagnosis vs nonusers. In the
group of aspirin users, 65% (95% Cl 59%-71%) of patients was alive after five years, in
contrast to nonusers, where 45% (95% Cl 44%-46%) of patients was alive after five years.

A Cox proportional hazard model was used with use of aspirin as a time varying
covariate. The proportional hazard assumption was fulfilled. For all patients with

Table 1: Characteristics of the cohort
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Total 9286 100 8278 89 1008 "

Location tumour

Oesophageal cancer 946 10.2 886 10.7 60 6

Gastric cancer 750 8.1 700 85 50 5

Small intestine cancer 97 1 88 1.1 9 0.9

Colon cancer 3977 42.8 3434 415 543 539 <0.001
Rectal cancer 2358 254 2069 25 289 28.7

Anal cancer 67 0.7 60 0.7 7 0.7
Hepatobiliary cancer 385 42 360 44 25 2.5

Pancreatic cancer 692 75 667 8.1 25 25

Cancer of the gastro- 14 0.2 14 02 0 0.0

intestinal tract nos®

Sex

Male 5140 55.4 4517 54.6 623 61.8 <0.001
Female 4146 447 3761 454 385 382

Age Mean (SD). 67.1 68 66.7 68 67.7 69

Median (IQR)* (11) = (60-75) (12)  (59-76) (9.9) (61-74)

18-60 years 2420 26.1 2219 26.8 201 19.9

60-69 years 2763 29.8 2437 294 326 323 <0.001
70-79 years 2831 305 2464 298 367 36.4

80 years and older 1272 13.7 1158 14 114 1.3

Stage

0 204 22 176 2.1 28 28

| 1496 16.1 1258 15.2 238 236

I 2222 239 1900 23 322 31.9 <0.001
1l 2058 22.2 1788 216 270 26.8

v 2249 242 2162 26.1 87 8.6

Unknown 1057 114 994 12 63 6.3

Surgery

No 2693 29 2603 314 90 89 <0.001
Yes 6593 71 5675 68.6 918 91.1
Chemotherapy

No 6544 705 5798 70 746 74.1 0.009
Yes 2742 29.5 2480 30 262 26
Radiotherapy

No 7042 758 6291 76 751 745 0.3
Yes 2244 242 1987 24 257 255

i
ul



Comorbidities

All No Aspirin Aspirin
puanshih % e

None 3383 3643 3056 36.92 327 32.44 0.05
One 2664  28.69 2359 28.5 305 30.26

Two or more 2295 2471 2027 24.49 268 26.63

Unknown 944 1017 836 101 108 10.69
Morphology

Adenocarcinoma 8343  89.84 7378 89.13 965 95.73 <0.001
Sque_amous cell 298 3.21 280 3.38 18 179

carcinoma

Epithelial 140 1.51 135 1.63 5 0.5

Gastro Intestinal 58 0.62 50 0.6 8 0.79

Stromal Tumour

Other (not specified) 447 481 435 5.25 12 1.19

Months survival. 48 (15.4- 24 (7.5 89.4 (54.8-

median (IQR) 95.4) 58.6) 132.6)

Figure 3: Overall survival analysis for aspirin users vs nonusers stratified according to tumour type

Gastrointestinal tract

Oesophageal cancer
Gastric cancer

Pancreatic cancer
Hepatobilliary tract cancer
Colon cancer

Rectal cancer

Favours aspirin Favours no aspirin

Adjusted Hazard Ratio (log scale)
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2 nos: not otherwise specified
b SD: Standard Deviation. IQR: InterQuartile Range

gastrointestinal cancer, aspirin use was associated with a significant reduction in overall
mortality, hazard ratio (HR) 0.57 (95% confidence interval (Cl) 0.48-0.69) (Table 2).
Adjusted for age at diagnosis, sex, stage of cancer, number of comorbidities, treatment
(surgery, radiotherapy, and chemotherapy) the multivariable HR was 0.52 (95% Cl 0.44-0.63).

Figure 2: Survival comparison for aspirin users versus non-users with Simon Makuch method
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Figure 4: Forest plot of adjusted overall survival analysis in patients with gastrointestinal malignancies grouped
according to aspirin users versus nonusers and stratified for stage and treatment
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Chemotherapy no — —eo—
Chemotherapy yes — —e—
: : — : : o
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Adjusted Hazard Ratio (log scale)

Stratification according to tumour type is shown inTable 2 and Figure 3. In patients
with oesophageal, colon, rectal, and hepatobiliary tract cancer a significant association
was found between the use of aspirin after diagnosis and overall survival. For patients
with gastric and pancreatic cancer using aspirin, there was no statistically significant
increase in survival. A survival benefit with aspirin was seen regardless of the stage of
cancer at presentation and after all primary treatment modalities including chemotherapy,
radiotherapy or surgery (Figure 4).
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Table 2: Time dependent survival analysis (overall survival) stratified according to tumour type

RELATIVE SURVIVAL

OVERALL SURVIVAL

Adjusted
Relative

Risk | 95% C.l.

Crude
Relative

B2
-
2]
S

=
<%
N
(-}
=

Crude Hazard

Aspirin-users versus non-users (n=9286)

1 (Reference)

1 (Reference)

4776

8278

Nonusers

0.33-0.58

0.44

0.30-0.56

0.44-0.63 <0.001 0.41

0.52

<0.001

0.48-0.69

0.57

362

1008

Aspirin Users

Aspirin-users versus non-users per tumour type

1 (Reference)

1 (Reference)

722

886

Nonusers

Oesophageal
cancer (n

=946)

0.14-0.70

0.31

0.34 0.15-0.77

0.02

0.23-0.88

0.45

01

0.

042 0.22-0.81

30
555

60
700

Aspirin Users

1 (Reference)

1 (Reference)

Nonusers

Gastric cancer

(n

=750)

0.70 0.29-1.70

0.66 050 0.19-1.29

0.47 - 1.6

0.87

1 (Reference)

0.34

0.75 0.41-1.36

1 (Reference)

30
631

50
667

Aspirin Users
Nonusers

Pancreatic cancer

(n

=692)

0.42-1.41

1.03  0.56 - 1.89 0.77

0.49

081 044-148

1 (Reference)

0.84

1.06 0.58-1.93

21
311 1 (Reference)

25
360

Aspirin Users
Nonusers

Hepatobiliary
cancer (n

=385)

0.13-0.95

0.35

0.34 0.18-1.06

0.02

0.34 0.14-0.84

1 (Reference)

0.04

0.39 0.16-0.95

1 (Reference)

10
1587

25
3434

Aspirin Users
Nonusers

Colon cancer

(n

3977)

0.44 0.27-0.72

0.23-0.72

<0.001 0.41

0.56 0.43-0.72

<0.001
1 (Reference)

0.62 0.48-0.80

1 (Reference)

178
891

543
2069

Aspirin Users

Nonusers

Rectal cancer

(n

2358)

0.25 0.09-0.68

0.26 0.09-0.78

<0.001

0.27-0.63

0.41

85 051 0.33-0.77 0.001

289

Aspirin Users

a Adjusted for Stage, Sex, Age at diagnosis, Surgery, Radiotherapy, Chemotherapy, Comorbidities

Significant numbers are printed in bold

Table 2 additionally shows the Relative Survival estimates which are a good
estimation of the cancer specific survival.??2 Equal to the overall survival rates, the
observed Relative Excess Risks were significant in patients with oesophageal cancer,
hepatobiliary cancer, colon and rectal cancer.

Squamous cell cancers accounted for 3% of the total cohort of which, 81%

(n=242) arose from the oesophagus and 18% (n=53) were anal cancers. Patients with
adenocarcinoma of the oesophagus who used aspirin had an adjusted HR 0.24 (95%

Cl 0.10-0.59) for overall survival, while those with a squamous cell carcinoma of the
oesophagus had a HR for overall survival of 1.02 (95% CI 0.37-2.83) for aspirin users
compared to nonusers. The test for heterogeneity of the effect of aspirin in patients with
oesophageal squamous cell carcinoma vs patients with oesophageal adenocarcinoma
was significant (P for interaction=0-01)

In 72% of prescriptions, 2,435 in total, the dose was reported. Of all prescribed
dosages, 98% were 100 mg daily or lower. It was therefore not possible to analyse a dose-
effect relationship, because only 31 prescriptions were for higher dose aspirin.

The sensitivity analysis with the exclusion of the first year follow up showed a similar
effect, with an unadjusted HR of 0.56 (95% C.l. 0.45-0.69) and adjusted HR 0.49 (0.39-0.61).
The sensitivity analysis or stage I-lll showed an adjusted HR 0.49 (95% CI 0.39-0.61),
consistent with the stratified analysis by stage in figure 4.

The analysis in the patients that use aspirin both pre and postdiagnosis can be found
in table 3. Supplementary table 1 and supplementary figure 1 show the PRISMA flow
chart for this cohort and the patient characteristics.

Discussion

Aspirin use after diagnosis of a gastrointestinal malignancy is associated with
significantly lower mortality rates and this effect remains after adjusting for potential
cofounders. It was most marked for tumours arising from the oesophagus, colon, rectum,
and hepatobilliary tract. This large cohort study of almost 9 300 patients is the first
observational cohort study evaluating the association of aspirin and survival in various
gastrointestinal malignancies. The statistically significant effect on survival seen in
patients with tumours of the oesophagus, colon and rectum is consistent with data from
other published studies.”®'%"23The effect in the tumour types was also present in patients
that used aspirin both pre- and postdiagnosis.

In a recent prospective cohort study Cao et al.,?* found that the reduced overall
reduced cancer risk associated with the use of aspirin was primarily owing to
gastrointestinal tract cancers. Additionally, in a meta-analysis of randomised trials
evaluating aspirin for the prevention of cardiovascular disease, Rothwell et al.® showed
a reduced risk of cancer-specific death with aspirin (HR of 0.79 (95% CI 0.68-0.92)) in all
types of cancer. Stratified for tumour location, the largest benefit was found in patients
with gastrointestinal tumours, with no significant heterogeneity between different
gastrointestinal cancers. Consistent with our study they also showed that patients with
adenocarcinomas were most likely to benefit from aspirin HR 0.70 (95% Cl 0.54-0.91).
However, in contrast, patients in our study only started aspirin after diagnosis of cancer

~
(o]
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Table 3: Time dependent survival analysis (overall survival) stratified according to tumour type with prediagnosis
aspirin users

overall survival

95% C.1. P- Adjusted | 95% C.I. P-
T Hazard value
Ratio

Aspirin-users versus non-users (n=12109)

Nonusers 8366 4913 1 (Reference) 1 (Reference)

Pre and 2736 1647 0.69 0.64-0.75 <0.001 061 057-0.66 <0.001
postdiag-

nosis aspirin

users®

Aspirin-users versus non-users per tumour type

Oesophageal ~ Nonusers 894 741 1 (Reference) 1 (Reference)

cancer

(n=1180)
Aspirin 286 229 0.64 052-0.79 <0.001 0.61 0.49-0.76 <0.001
Users®

Gastric Nonusers 714 574 1 (Reference) 1 (Reference)

cancer

(n=933)
Aspirin 219 184 090 0.72-1.13 0.37 0.85 067-1.07 0.17
Users®

Pancreatic ~ Nonusers 681 648 1 (Reference) 1 (Reference)

cancer

(n=876)
Aspirin 195 183 0.68 0.54-0.84 <0.001 067 0.53-0.84 0.001
Users®

Hepatobiliary = Nonusers 364 317 1 (Reference) 1 (Reference)

cancer

(n=477)
Aspirin 13 101 081 061-1.08 0.16 069 0.51-0.93 0.02
Users®

Colon Nonusers 3469 1642 1 (Reference) 1 (Reference)

cancer

(n=4730)
Aspirin 1261 612 0.67 0.59-0.76 <0.001 055 0.48-0.63 <0.001
Users®

Rectal Nonusers 2080 910 1 (Reference) 1 (Reference)

cancer

(n=2687)
Aspirin 607 306 0.78 0.65-0.94  0.008 0.63 0.52-0.75 <0.001
Users®

a Adjusted for Stage, Sex, Age at diagnosis, Surgery, Radiotherapy, Chemotherapy, Comorbidities
b Only patients using aspirin both pre and postdiagnosis were analysed
Significant numbers are printed in bold

which is most relevant when considering recommendations for subsequent management
after a cancer diagnosis. In our study 11% of patients started using aspirin after diagnosis,
which is also consistent with previous studies in cancer patients.?®

A strength of our study is that the data is derived from linked cancer registry and
pharmacy data, eliminating both recall and information bias. Though we cannot verify
that patients actually ingested the aspirin, the prescriptions registered by the PHARMO
institute are actually handed out to the patients by the pharmacy and this therefore adds
weight to the definition of user. Additionally, immortal time bias and misclassification of
exposure in follow up is avoided by the use of a Cox proportional hazards model with
time varying covariate."” With this technique, accurate risk estimates are provided as each
individual prescription is analysed.™

Moreover, the exclusion of patients already using aspirin before diagnosis and the
determination of patient characteristics at diagnosis (t=0) mimics the use of aspirin as
adjuvant therapy. In our study, patients are identified at diagnosis but before they are
exposed to the treatment of interest and differentiated into groups of users and nonusers.
This ‘new-user design’ eliminates important biases associated with observational studies.?
Additionally, it has been suggested that for measuring the side effects of drugs, which the
effect of aspirin on cancer could theoretically be considered, observational data could in
some cases be considered non-inferior to results from randomised controlled trials.?’

Our study has limitations. First, since exposure to aspirin depends on a clinician’s
decision to prescribe aspirin to a certain patient, it is prone to confounding by selective
prescribing. For instance, oncologists may withhold aspirin treatment (as secondary
prevention for cardiovascular disease) in patients diagnosed with incurable (stage 1V)
cancer because of the poor prognosis. Thus patients with a particularly poor prognosis
may end up in the nonuser group. This reverse causation was addressed by the pre-
planned sensitivity analysis excluding the first year of follow-up, which restricted the
study population to patients alive at one year after diagnosis. By introducing this one year
exposure lag, any undiagnosed recurrence at baseline or early recurrence would have
been likely to become apparent and therefore baseline prognosis between the two groups
is believed to be more similar.?®

Second, proven cardiovascular disease is the main indication for low-dose aspirin
in the Netherlands. This could imply that patients prescribed aspirin have a worse
life expectancy at baseline because of lifestyle factors and risks associated with both
cardiovascular disease and cancer development. Considering the absence of information
on cancer specific survival and cause of death in our study, hypothetically part of the
overall survival gain we observed could be explained by the prevention of cardiovascular
mortality. However, in a large meta-analysis of individual participant data, the reduction
in vascular specific mortality from aspirin was only 9%, HR 0-91.22 Therefore a reduction in
cardiovascular mortality could only partly explain the reduction in mortality we observed.
Several of the studies evaluating the effect of aspirin use after a diagnosis of colorectal
cancer have shown a significant reduction in colorectal cancer specific mortality.” "

Third, over the counter aspirin use was not included. However, prescription data can
give valid estimations of association even though available over the counter.*® No data was
available to adjust for lifestyle factors, health related behaviour and mutational status.

Lastly, table 1 shows that the groups aspirin users and non-users are different with
respect to baseline characteristics. This is to a large extent the result of the size of the
cohort. After adjustment for these factors the association between aspirin use and
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survival remained significant. Nevertheless, the confounding by indication as described
remains, and therefore randomised controlled trials remain inevitable before aspirin can
be used as regular anti-cancer treatment.

The mechanism responsible for the effect of aspirin on cancer remains unknown.
Aspirin (acetylsalicylic acid) reduces prostanoid generation by irreversible inhibition
of platelet COX-1 (cyclooxygenase-1) and COX-2 isozymes. Activated platelets release
several growth factors which impact on tumour progression and metastasis.’ Maximum
platelet inactivation by COX-1 is thought to be obtained by low-dose aspirin (75-100
mg daily) and over 95% of platelet activity is inhibited for up to 24h.32 A number of
potential biomarkers have been identified as predictors of response to aspirin in terms
of cancer outcomes. Chan et al. reported that the effect of high dose (325mg) aspirin
after a colorectal cancer diagnosis was predominantly in patients with COX-2 (also called
PTGS2) overexpression.®® However, to achieve constant inhibition of COX in tissues, the
administered daily dose of aspirin would have to be higher than 2000 mg.** In some
studies mutations in phosphatidylinositol 3-kinase (PIK3CA) have been associated
with aspirin response, however in a previous study we did not find this association but
showed that the effect of aspirin was associated with tumours that expressed Human
Leukocyte Antigen (HLA) class1 molecules.® %

Our observation that aspirin use is similarly associated with good prognosis in various
tumour types with clearly different biology makes a non-specific mode of action plausible.
It is possible that aspirin executes its effect by inhibiting platelet aggregation around
circulating epithelial tumour cells, irrespective of organ site which then facilitates immune
clearance. The coming years will hopefully provide answers. Several randomised clinical
trials have commenced in the past years. (NCT02647099,'2, NCT02467582, NCT02301286,
NCT00565708) Many of these trials are united in the ‘Aspirin Trialist Collaborative Group’
and will pool results regarding clinical outcome and expression of biomarkers.

Conclusion

Aspirin use after diagnosis of gastrointestinal malignancies is associated with
improved overall survival. This observation makes a non-specific mode of action for
aspirin on cancer plausible. These results offer direction towards future studies, both
in terms of new randomised controlled trials as well as further studies to identify
biomarkers that predict response to aspirin.
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Abstract
Background

Use of aspirin after diagnosis of colon cancer has been associated with improved
survival. Identification of cancer subtypes that respond to aspirin treatment may help
develop personalized treatment regimens. The aim of this study was to investigate the
influence of BRAF and KRAS mutation status on the association between aspirin use and
overall survival after colon cancer diagnosis.

Methods

A random selection of 599 patients with colon cancer were analyzed, selected from the
Eindhoven Cancer Registry, and BRAF and KRAS mutation status was determined. Data
on aspirin use (80 mg) were obtained from the PHARMO Database Network. Parametric
survival models with exponential (Poisson) distribution were used.

Results

Aspirin use after colon cancer diagnosis was associated with improved overall survival
in wild-type BRAF tumors, adjusted rate ratio (RR) of 0.60 (95% CI 0.44 -0.83). In contrast,
aspirin use in BRAF mutated tumors was not associated with an improved survival
(RR 1.11, 95% CIl 0.57-2.16). P-value for interaction was non-significant. KRAS mutational
status did not differentiate in the association between aspirin use and survival.

Conclusion

Low-dose aspirin use after colon cancer diagnosis was associated with improved
survival in BRAF wild-type tumors only. However, the large confidence interval of the rate
ratio for the use of aspirin in patients with BRAF mutation does not rule out a possible
benefit. These results preclude BRAF and KRAS mutation status to be used as a marker
for individualized treatment with aspirin, if aspirin becomes regular adjuvant treatment
for colon cancer patients in the future.

Introduction

A significant body of proof has already demonstrated that aspirin has anticancer effects
in colorectal cancer (CRC)™. Randomized controlled trials investigating the cardiovascular
benefits of aspirin have shown a significant reduction of CRC risk and mortality'®”. In
patients with a history of colorectal adenomas, aspirin has been proven effective in the
prevention of these lesions & The most recent meta-analysis of observational studies
by Elwood et al. found a 25% reduction in colorectal cancer-related deaths and a 20%
overall mortality reduction®. Altogether, these publications have led to several ongoing
randomized controlled trials studying the effect of aspirin on cancer mortality which are
currently being conducted globally: the Add-Aspirin trial®, Adjuvant Aspirin for Colon Cancer
(NCT02467582), the ALASCCA trial (NCT02647099), the ASCOLT trial (NCT00565708), and
the Aspirin trial (NCT02301286).

If the survival benefits are so obvious, why not prescribe aspirin to all colorectal cancer
patients? Because of the side-effects, the use of aspirin is not without risk: common adverse
effects are upper gastrointestinal symptoms, and increased bleeding tendency which
can cause epistaxis, gastrointestinal bleeding or purpura®. Low-dose aspirin, indicated
for secondary cardiovascular risk management, roughly doubles the incidence of gastric
bleeding. One or two patients in every thousand are likely to have a gastric bleed each
year.The bleeding risk increases with age and in patients 80 years and older, this may even
be seven per 1000 people per year™. Identifying which patients may benefit from aspirin
treatment may help develop effective personalized treatment regimens, thereby reducing
overtreatment and negative side effects associated with aspirin. Several biomarkers have
been suggested to be differentiating in the association between aspirin and improved
cancer survival, however results are very heterogeneous®. Despite promising data, the
clinical use of any biomarker in general practice is lacking, and currently only KRAS, BRAF
and microsatellite instability are currently used in the diagnosis and treatment of colorectal
cancer™.

Mutated BRAF and KRAS oncogenes, both members of the Mitogen Activated Protein
Kinase (MAPK) pathway, are respectively observed in approximately 10-20% and 35-42% of
the sporadic colorectal cancers 3. Mutated BRAF and KRAS have been shown to influence
MAPK signaling, resulting in upregulation of Prostaglandin-endoperoxide synthase 2
(PTGS2, also known as COX-2)™. BRAF mutations are associated with the presence of high
microsatellite instability, the molecular hallmark of Lynch syndrome'. Evidence from the
CAPP2 trial demonstrated that individuals with Lynch syndrome could be recommended to
consider taking daily low-dose aspirin'®. With this link and the known crosstalk between the
phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA) pathway
and MAPK pathway, the assessment of BRAF and KRAS mutational status as molecular
biomarker for the survival benefit associated with the use of aspirin could be a next step to
unravel the biological effect of aspirin in colon cancer.

Therefore, the aim of this study was to investigate the association of low-dose aspirin
use after colon cancer diagnosis and survival of patients according to BRAF and KRAS
mutation status.
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Material and Methods
Study Cohort

Data on low dose aspirin use (80-100 mg), derived from the PHARMO Database
Network (PHARMO, Netherlands), were linked to the Eindhoven Cancer Registry (ECR).
The validity of the linkage of these cohorts was described previously'. The ECR serves
about 1.5 million inhabitants in the southern region of the Netherlands and is part of the
nationwide Comprehensive Cancer Organisation (IKNL). The PHARMO Database Network
is a population-based network and combines data from different healthcare settings in the
Netherlands. The Outpatient Pharmacy Database was used for this study, which comprises
drug dispensing records from all community pharmacies. The records in this database
contain information on the type of product, date prescribed, dose and regimen, quantity,
and route of administration. Drugs are coded using the Anatomical Therapeutic Chemical
classification™. The Comprehensive Cancer Organisation is obliged to work according to
the law on data protection; informed consent of the patients for this specific study was
not applicable.

As previously published, aspirin initiated or continued after diagnosis was associated
with improved survival for patients with colon cancer, but not for patients with rectal
cancer, in our cohort®. Therefore, only patients with colon cancer were included in this
study.

The vital status of patients (alive/dead) was established from medical records or
through linkage of cancer registry data with the municipal population registries. As
information on hospital dispensing was not available, follow-up started 14 days after
diagnosis of colorectal cancer (T0), and was continued until last contact date (January
2012), date of loss to follow-up, or date of death - whichever occurred first.

Patients who only used aspirin before diagnosis were also excluded (n=40, see Fig
1). Non-users were classified as those who never had a dispensing for aspirin or had
a dispensing for less than 14 days after diagnosis of colon cancer. Users were defined
as those who had been given a dispensing of aspirin for 14 days or more after a colon
cancer diagnosis. The median duration of one dispensing was 30 days and the mean
dispensing number was 12 (range 1- 220).

BRAF and KRAS tumor mutation analyses

The ECR-PHARMO cohort, as previously published by Bastiaannet et al, contained
3,586 patients?®. Of this cohort, Formalin-Fixed Paraffin-Embedded (FFPE) tumor tissues
were retrieved of 1,026 colon cancer patients who underwent a surgical resection
between 2002 and 2008?'. Twenty-seven patients with more than one colon tumor at the
time of diagnosis were excluded from this cohort (Fig 1). Additionally, 63 patients were
excluded because they used aspirin before diagnosis or with a follow up less than 14
days. Of these patients, 599 patients were randomly selected with a ratio 1:2 for aspirin
user: non-user, as was previously described?.

No significant demographic differences were calculated between the total cohort
(n=999) and the randomly selected patients (n=599)%.

Of the included patients (n=599), tumor areas on hematoxylin and eosin (H&E) stained
tumor sections were marked by an experienced pathologist/researcher.

Figure 1: Flowchart of patients selected for analysis

1026 patients with colon cancer;
Surgical resection 2002-2008

+

Patients with resected colon cancer
(n=999)

-

Non-users and post-diagnosis aspirin users
(n=936)

-

Patients included for analysis
(n=599)

More than one colon tumor
(n=27)

Patients using aspirin before diagnosis
(n=40)
Follow up less than 14 days
(n=23)

Random selection of tumor blocks for
DNA extraction (excluded n=337)

Guided by the H&E-stained slides, 1-2 punches with a diameter of 2.0 mm diameter

and variable length were taken from the tumor focus, followed by DNA extraction as

described by de Jong et al?. For determination of KRAS and BRAF mutations status,

hydrolysis probes assays were performed for the major known mutations (hotspots)
in codon 600 for BRAF, ¢.1799T>A; p.V600E and codon 12 and 13 for KRAS; ¢c.34G>A;

p.G12S, ¢.34G>C; p.G12R, ¢.34G>T, p.G12C, ¢.35G>A; p.G12D, ¢.35G>C; p.G12A, ¢.35G>T;

p.G12V, c.38G>A; p.G13D and ¢.37G>T; p.G13C, as previously described?'. Hydrolysis
probe assays were analyzed using gPCR analysis software (CFX manager version 3/0,

Bio-Rad). Mutation detection was performed by two independent observers (M.R. and

R.E.). All primers used for the assays were previously described®.

Statistics

Statistical analyses were performed using the statistical packages SPSS (version 20.0
for Windows, IBM SPSS statistics) and Stata (version 12 for windows, StataCorp LP).
Statistical tests were two-sided and considered significant at a p-value below 0.05.

A parametric survival model with an exponential (Poisson) distribution was used,

with the use of aspirin as time varying covariate. This method prevents the introduction

of time-related biases?*. Non-users were defined fromTO until date of death or end of

follow-up. Patients were considered aspirin users from the moment of first prescription,

mimicking an intention-to-treat analysis. In order to investigate differential associations

of aspirin use with overall survival by tumor molecular subtype, stratified analyses were
performed for BRAF wild-type / BRAF mutation and KRAS wild-type / KRAS mutation,
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followed by an interaction analysis. The interaction analysis was performed by including a
cross product of BRAF mutation status in the survival analysis and the use of aspirin and
significance was assessed with the Wald test.

Adjustments for potential confounders were made for sex, age (groups), stage
(pathological stage and clinical stage if pathological stage was unknown), adjuvant
chemotherapy (yes/no), co-morbidity (yes/no) and tumor grade.

Survival curves were calculated according to the Simon-Makuch method, an
alternative for Kaplan Meier, with the ability to include time-varying covariates?.

A subgroup analysis was performed by excluding patients with stage IV disease.

Results
Aspirin use, survival and tumor BRAF mutation status

Fig 1 shows the flowchart of the study population eligible for analysis. In this cohort,
29.9% (179/599) of the patients were defined as aspirin users. Of the 179 patients who
used aspirin after diagnosis, 27 patients started using aspirin after diagnosis and 155 used
already aspirin at diagnosis. In total, 267 deaths were recorded before January 2012.

DNA was extracted from FFPE tumor tissues and BRAF mutation status (wild-type/

Table 1: Baseline Characteristics of the cohort

All patients Non-users Aspirin users
n

Total 599 100 420 100 179 100
Sex Male 327 54.6 215 51.2 12 62.6

Female 272 454 205 48.8 67 374
Age category <65 189 31.6 158 37.6 31 17.3

66-74 189 31.6 118 28.1 71 39.7

75 and older 221 36.9 144 343 77 43.0
Year of diagnose = 2002-2004 300 50.1 208 49,5 92 51.4

2005-2007 299 49.9 212 50.5 87 48.6
Disease stage | 95 15.9 57 13.6 38 212

I 237 39.7 166 39.7 Al 39.7

Il 176 295 121 289 55 30.7

v 89 14.9 74 17.7 15 8.4
Comorbidity No 209 349 176 419 33 18.4

Yes 342 57.1 202 48.1 140 782

Missing 48 8 42 10 6 34
BRAF mutation Wild-type 497 83 347 82.6 150 83.8
analysis

Mutation 102 17 73 17.4 29 16.2
KRAS mutation Wild-type 387 64.6 274 65.2 13 63.1
analysis

Mutation 212 354 146 348 66 36.9

Table 2: Rate Ratio for Death (Time-Dependent Analysis Overall Survival), According to Tumor BRAFand KRAS
mutation status, and use or no use of aspirin after Diagnosis

Univariate Multivariate

RR (95%Cl) | P-value RR® (95%Cl) | P-value

Overall
No aspirin use 420 199 1.00 (reference) 0.03 1.00 (reference) 0.003
Aspirin use 179 68 0.73(0.56-0.97) 0.64 (0.48-0.86)

BRAF mutation status

Wild-type 497
No aspirin use 347 159 1.00 (reference) 1.00 (reference) 0.002
Aspirin use 150 55 0.74 (0.54-1.00) 0.05 0.60 (0.44-0.83)

Mutation 102
No aspirin use 73 40 1.00 (reference) 0.34 1.00 (reference) 077
Aspirin use 29 13 0.74(0.39-1.38) 1.11(0.57-2.16)

KRAS mutation status

Wild-type 387
No aspirin use 274 130 1.00 (reference) 0.1 1.00 (reference) 003
Aspirin use 13 43 0.75(0.53-1.06) 0.67 (0.47-0.97)

Mutation 212
No aspirin use 146 69 1.00 (reference) 0.14 1.00 (reference) 003
Aspirin use 66 25 0.71(0.45-1.11) 0.56 (0.34-0.93)

Significant values are printed in bold
@ Adjusted for age, comorbidity, grade, stage and chemotherapy
b Pvalue for interaction=0.99

mutation) was successfully established in 98% of the samples. A BRAF mutation was
found in 17% (102/599) and a KRAS mutation was observed in 35% of colon tumors
(212/599), in accordance with previous studies™-1326.2"

Table 1 summarizes the clinical characteristics of the patients included in the analysis.
Both age and frequency of comorbidities were found to be higher in the group of aspirin
users compared to non-users. Lower disease stage and male sex were more often
observed in aspirin users compared to non-users.

More detailed patient characteristics according to aspirin use and BRAF and KRAS
mutation status are shown in S1Table. Aspirin use was equally distributed: 29% in
patients with wild-type BRAF tumors, 27% in patients with mutated BRAF tumors, and
29% in patients with KRAS wild-type and 31% in patients with mutated KRAS tumors.

As shown inTable 2 and Fig 2 aspirin use after diagnosis was associated with an
improved overall survival in the total cohort (n=599) (crude Rate Ratio (RR) 0.73, 95%
Confidence Interval (Cl) 0.56-0.97, adjusted RR 0.64 (95% CI 0.48-0.86)). Fig 3 shows the
survival curves for these patients.

For patients with a BRAF wild-type tumor, aspirin use after diagnosis showed a RR for
overall survival of 0.74 (95% Cl 0.54-1.00), and when adjusted for potential confounders this
effect was more pronounced with an adjusted RR of 0.60 (95% Cl 0.44-0.83, p=0.002, Fig 3).
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aspirin use
BRAF mutation analysis KRAS mutation analysis
BRAF wild-type BRAF mutation KRAS wild-type KRAS mutation
Nonuser Aspirin user Nonuser Aspirin user Nonuser Aspirin user Nonuser Aspirin user
n % n % | p-value® n % n % p-value® n % n % | p-value® n % n % | p-value*

Total 347 799 150 290 73 734 29 266 274 70.8 13 292 146 68.9 66 311
Sex Male 189 545 93 620 0.12 26 356 19 655 0.01 138 50.4 63 55.8 0.34 77 52.7 49 74.2 0.03

Female 158 455 57 380 47 644 10 345 136 49.6 50 442 69 47.3 17 258
Age <65 138 398 29 19.3 <0.001 20 274 2 6.9 0.04 103 376 15 133 <0.001 55 317 16 24.2 0.16
category

66-74 97 280 57 380 21 288 14 483 78 285 50 442 40 274 21 31.8

75 and older 12 323 64 427 32 438 13 448 93 339 48 425 51 349 29 43.9
Year of 2002-2004 170 490 79 527 0.45 38 521 13 448 0.51 141 51.5 59 52.2 67 45.9 33 50.0 0.58
dingnose 2005-2007 177 510 71 473 3B 479 16 552 133 485 54 478 0.89 79 54.1 33 50.0
Disease I 49 14.1 30 200 0.68 8 110 8 276 0.03 38 139 25 22.1 0.19 19 13.0 13 19.7 0.02
e I 133 383 55 367 33 452 16 552 13 41.2 48 42.5 53 36.3 23 348

Il 99 285 50 333 22 301 5 172 77 28.1 28 248 44 30.1 27 40.9

v 64 18.4 15 10.0 10 13.7 0 0.0 44 16.1 12 10.6 30 20.5 3 45

2 0.6 0 0.0 0 0.0 0 0.0 2 0.7 0 0 0 0.0 0 0.0

Comorbidity  No 150 432 29 19.3 <0.001 26 366 4 138 0.01 114 41.6 19 16.8 <0.001 62 42.5 14 212 <0.001

Yes 161 46.4 115 767 41 562 25 862 135 49.3 90 79.6 67 45.9 50 75.8

Missing 36 10.4 6 4.0 6 8.2 0 0.0 25 9.1 4 35 17 11.6 2 3.0
Significant values are printed in bold . .
*p-value for aspirin users vs nonusers Discussion

For patients with BRAF mutated tumors, aspirin use after diagnosis was not associated
with an improved survival (adjusted RR 0.74, 95% Cl 0.39-1.38, p=0.34). The Wald test
showed a P for interaction of 0.99, which suggests that the difference found between the
group of patients with a BRAF wild-type or mutation is based on chance.

For patients with a KRAS mutated tumor and patients with a KRAS wild-type tumor,
aspirin use after diagnosis was associated with an improved overall survival in the
multivariate analysis (KRAS wild-type RR 0.68 (0.67 95%CIl 0.47-0.97) and KRAS mutant
RR 0.56 (95% Cl 0.34-0.93)), (Table 2, Fig 3).

The results from the subgroup analysis that excluded patients with stage IV can be
found in S2 table.

Overview of Findings

Increasing attention is paid to a personalized treatment approach, by stratifying patients
into subgroups based on biomarkers. This study investigated whether the survival benefit
observed in patients with colon cancer using aspirin could be associated with BRAF or
KRAS mutational status. This study found that BRAF mutation status and KRAS mutation
status were not distinctive in the association between low-dose aspirin use and a survival
benefit in patients with colon cancer. In the multivariate analysis, patients with wild-
type BRAFtumors, aspirin use after diagnosis was associated with a significantly better
outcome. However, the crude hazard ratios in both groups (BRAF wild-type and mutation)
are equal and the P-value for interaction was non-significant. Because no statistical
interaction was observed, the distinctiveness of BRAF mutational status on the association
between aspirin use and survival in the multivariate analysis could very well be based
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Figure 2: Overall survival analysis for patients using aspirin versus patients not using aspirin, grouped according to
mutation status

Stratified overall survival analysis
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Total cohort ——
BRAF wild-type ——
*
BRAF mutation f L !
KRAS wild-type ——
KRAS mutation ——
T T T T T T T { T T T T T T T {
0.1 1 10
Adjusted Hazard Ratio

* Non significant interaction test

on chance.Therefore, it could not be concluded from this study that patients with BRAF
mutated tumors should be withheld from using aspirin. The subgroup analysis in patients
with stage I-lll colon cancer showed a reduced effect size. However, due to limitations in
power, no firm conclusions can be drawn from the results of this subgroup analysis.

Comparison with Other Studies

Nishihara et al?® previously studied the effect of BRAF mutational status on colorectal
cancer incidence and survival in patients using aspirin. BRAF mutational status showed
to be of influence on the incidence of colorectal cancer. BRAF wild-type was associated
with a lower risk of colorectal cancer, multivariable hazard ratio; 0.73 (95% Cl 0.64-0.83)
whereas BRAF mutated tumors did not show a reduced risk of colorectal cancer (HR 1.03,
95% Cl 0.76-1.38). A survival analysis in this study was performed as an exploratory
analysis, and in both subgroups (BRAF mutation and wild-type tumors) no association
between the use of aspirin and improved survival was found, in line with our study.

Strengths and limitations
Our study has several strengths. To the best of our knowledge, no studies have
assessed the association between KRAS, aspirin and survival in patients with (colon)

Figure 3: Survival curves for aspirin users versus non-users according to the Simon-Makuch method

0.75 1.00

Cumulative survival
0.50
|

[fe)
4
S Pre- and postdiagnosis user
—— Nonusers
8 -
S \ I \ \ \
0 2 4 6 8 10

Time after diagnosis (years)

cancer. Information regarding aspirin use and dose was derived from prescriptions rather
than patient recall, resulting in a precise definition of regular aspirin use. By using a
time-varying covariate for the use of aspirin, the risk of non-differential misclassification
is reduced?®. Lastly, a robust and reliable method was used to determine BRAF and KRAS
mutational status, resulting in a 98% successful determination of mutational status and
therefore a relatively large cohort.

However, several limitations must be acknowledged. First, over-the-counter aspirin
use and adherence was unknown and could be a potential source of bias. Nevertheless,
it has been shown that pharmacy data can give valid estimates, despite over-the-counter
availability of aspirin®. It seems unlikely that a large fraction of patients bought aspirin
over-the-counter: low-dose aspirin is only indicated for secondary cardiovascular
prevention in the Netherlands and therefore this should always be made available
through a doctor’s prescription. The main reason for over-the-counter purchase of aspirin
is its use as analgesic, however low-dose aspirin does not suffice as analgesic. Moreover,
the possible benefits of aspirin as treatment for cancer were not widely known during the
analysis period.

Second, this is a retrospective study in which patients were not randomized. Even
after adjustment for potential confounders, residual confounding may still be present.
Confounding by indication could, in general, have resulted in overestimation of the
results. For cancer patients to be prescribed aspirin, patients should have a cancer
prognosis which outweighs the risk of cardiovascular disease. Patients to whom this
does not apply should, in theory, not be prescribed aspirin. These patients are then
assigned into the non-user group which could have resulted in an overestimation of the
association between aspirin use and survival. The variation in length of use of aspirin and
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S2 table: Rate ratio for death (time-dependent analysis overall survival), according to tumor braf and kras mutation
status, and use or no use of aspirin after diagnosis, patients with stage iv disease excluded

| 0| Events RR (95%C1) |  P-value | RR* (95%C1) | P-value

Overall 510

No aspirin use 213 133 1.00 (reference) 0.32 1.00 (reference)

Aspirin use 109 55 0.85(0.62-1.17) 0.67 (0.50-0.95) 002
BRAF mutation status
Wild-type 418

No aspirin use 283 103 1.00 (reference) 0.31 1.00 (reference)

Aspirin use 135 42 0.83(0.58-1.19) 0.63 (0.44-0.92) 002
Mutation 92

No aspirin use 63 30 1.00 (reference) 0.89 1.00 (reference)

Aspirin use 29 13 0.95(0.50-1.83) 1.17 (0.59-2.33) 065
KRAS mutation status
Wild-type 331

No aspirin use 230 90 1.00 (reference) 0.31 1.00 (reference)

Aspirin use 101 33 0.81(0.55-1.21) 0.65 (0.43-0.98) 00
Mutation 179

No aspirin use 116 43 1.00 (reference) 0.78 1.00 (reference)

Aspirin use 63 22 0.93(0.56-1.55) 0.75(0.44-0.1.30) 03

Significant values are printed in bold
2 Adjusted for age, comorbidity, grade, stage and chemotherapy

the moment patients start using aspirin makes it difficult to conclude any causality from
this study, only associations were observed. Therefore, the current ongoing randomised
controlled trials are highly warranted. However, this is a limitation of all retrospective
studies.

Third, no information regarding disease-specific survival was available in this study.
However, a large meta-analysis of individual patient data found that the benefit of
patients using aspirin as secondary prevention for cardiovascular disease is only 0.91
(95% CI 0.82-1.00)®. This can therefore not fully explain the observed overall survival
benefit for the aspirin users in the current study.

To the best of our knowledge, this study is one of the largest cohorts analyzing the
association between the use of aspirin, overall survival in colon cancer patients and
mutational status of BRAF and KRAS, however numbers were too small for any additional
subgroup analyses.

Clinical implications

Precision medicine has gained more attention over the last couple of years and
multiple publications were dedicated to the discovery and development of clinical
prognostic and predictive biomarkers™. Nevertheless, conflicting results have been

observed for every previous appointed biomarker regarding the association between
aspirin use and survival. Proposed biomarkers associated with aspirin use and survival
are COX-2, HLA class |, PIK3CA mutation status and several specific genetic profiles??30-32,
Mutations in BRAF and KRAS, acting in the RAS-RAF-MAPK kinase cascade and mutated
PIK3CA, acting in PI3BK-PTEN-AKT signaling pathway, are known for their contribution to
the development of CRC and are associated with cancer prognosis"-®.The strong survival
benefit in patients with a PIK3CA mutation can only partly explain the effect of aspirin
found in the general cancer population. The magnitude of the clinical benefit as found

in CRC cohorts, cannot be explained by patients with a PIK3CA mutation solely, because
of the low mutation frequency (15%). Therefore, additional biological processes must be
responsible for the effect of aspirin on survival.

In this study we were focusing on the RAS-RAF-MAPK cascade, known for the
crosstalk with the PIK3CA pathway, in relation to aspirin use' No differentiating effect of
aspirin use in BRAF or KRAS mutated tumors could be detected. It could be (cautiously)
concluded that biomarkers from the RAS-RAF-MAPK cascade and an activated PI3K-
PTEN-AKT signaling pathway may not be able to fully unravel the complexity and
versatility of the aspirin effect on cancer.Therefore, the evidence points more towards a
generalized, systemic effect®%.

One suggested hypothesis is the role of aspirin as thrombocyte aggregation
inhibitor®s. By inhibiting the aggregation of thrombocytes, which naturally shape around
circulating tumor cells, the immune system is able to detect and subsequently clear tumor
cells from the circulation. Another hypothesis could be found in the anti-inflammatory
effects of aspirin®. In the past years, several publications focused on the identification of
subtypes of colorectal cancer, highlighting the heterogeneity of the disease and aiming
to improve optimal allocation of treatment modalities™3¢%, Linnekamp et al advocate that
the development of new agents should take place in a disease sub-type-specific fashion
and in that manner generate more effective therapies®.These subtypes could also be the
key to personalized treatment with aspirin. With this information and growing consensus
on these subtypes, new research could focus on the effect of aspirin in (inflammatory)
specific subtypes.
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Abstract
Objective

Several studies have suggested an association between use of metformin and an
increased overall survival in patients diagnosed with pancreatic cancer, however with
several important methodological limitations. The aim of the study was to assess the
association between overall survival, pancreatic cancer and metformin use.

Material and Methods

A retrospective cohort study of 1111 patients with pancreatic cancer was conducted
using data from the Netherlands Comprehensive Cancer Organization (1998-2011). Data
were linked to the PHARMO Database Network containing drug-dispensing records from
community pharmacies. Patients were classified as metformin user or sulfonylurea deri-
vatives user from the moment of first dispensing until the end of follow up. The difference
in overall survival between metformin users and nonusers was assessed, and additionally
between metformin users and sulfonylurea derivatives users. Univariable and multivaria-
ble parametric survival models were used and use of metformin and sulfonylurea deriva-
tives was included as time varying covariates.

Results

Of the 1111 patients, 91 patients were excluded due to differences in morphology, 48
patients because of using merely metformin before diagnosis, and 57 metformin-users
ever used contemporary sulfonylurea derivatives and were therefore excluded. Lastly,
eight patients with a survival of zero months were excluded. This resulted in 907 patients
for the analysis. Overall, 77 users of metformin, 43 users of sulfonylurea derivatives, and
787 nonusers were identified. The adjusted rate ratio for overall survival for metformin
users vs nonusers was 0.86 (95% Cl 0.66-1.11; P=0.25). The difference in overall survival
between metformin users and sulfonylurea derivatives users showed an adjusted rate
ratio of 0.90 (95%CI 0.59-1.40; P=0.67).

Conclusions

No association was found between overall survival, pancreatic cancer and metformin
use. This was in concordance with two recently published randomized controlled trials.
Future research should focus on the use of adjuvant metformin in other cancer types and
the development or repurposing of other drugs for pancreatic cancer.

Introduction

Pancreatic cancer is the eighth most common cause of cancer deaths in the world.’
Only 10-20% of patients with pancreatic cancer qualify for surgery and the prognosis of
this disease is poor; median survival for patients undergoing surgery ranges from 20 to
23 months.?® For patients receiving solely chemotherapy, survival approximately ranges
from 3 to 11 months."#With this limited prognosis there is a high and urgent need for new
therapies to improve outcome.

Smoking, obesity, and type 2 diabetes are considered to be important risk factors for
the development of pancreatic cancer.>¢ Metformin is the first line treatment for patients
with type 2 diabetes and is therefore the most prescribed oral glucose-lowering drug
(OGLD).The decision to prescribe metformin depends on patient characteristics: metformin
use is contraindicated in patients with renal failure, cardiac dysfunction and hepatic
insufficiency.” Metformin is a biguanide antihyperglycemic agent and has three working
mechanisms: it decreases the hepatic glucose production by inhibition of gluconeogenesis
and glycogenolysis in muscles, it subsequently improves peripheral insulin sensitivity,
and reduces glucose absorption.”® Mouse models suggest that metformin could inhibit the
proliferation of xenografted human pancreatic cancer cells within 30 days, but other studies
point towards a systemic effect of metformin on cancer by improving the metabolic profile
of patients, rather than a direct effect on tumor cells.%"?

Recent epidemiologic cohort studies in patients with type 2 diabetes have suggested
that patients using metformin have a decreased risk of developing cancer and, possibly, a
reduced cancer mortality.’3'6

Several meta-analysis pointed out that the reduced cancer incidence was not present
in all types of cancer; use of metformin seems to be associated with a reduced risk of
developing cancer in patients with pancreatic, colorectal, and hepatocellular cancer, with
conflicting results for breast cancer, and no association is seen in patients with lung and
prostate cancer.?' Preceding epidemiologic studies assessing the effect of metformin
on the risk of cancer and survival may have been subject to several time-related biases,
e.g. misclassifying exposure to metformin, which could have inflated the estimates. Three
studies avoiding these biases have found no effect of metformin on cancer incidence.22
What additionally complicates observational studies on this subject, is that patients using
metformin often have other comorbidities supplementary to type 2 diabetes, compared to
non-users. Alternative treatment for type 2 diabetes are sulfonylurea derivatives users (SD),
which have been used previously as a comparator group in addition to non-users.”

The aim of this study was to assess the association between the use of metformin and
overall survival in patients with pancreatic cancer with the use of appropriate methodology,
a pitfall of the previous studies. Patients using metformin were compared to non-users and
additionally to patients using sulfonylurea derivatives.
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Methods
Data

Data from the Eindhoven Cancer Registry (ECR) were linked on patient level to the
PHARMO Database Network covering a demographic region in the South-Eastern part of
the Netherlands of approximately 1.5 million inhabitants.?*The ECR is maintained by the
Netherlands Comprehensive Cancer Organisation (IKNL) and registers newly diagnosed
cancer patients from ten different hospitals located in this region. Patients are informed
about this registration and are registered except patients who objected to be registered.
The Netherlands Cancer Registry is obliged to work according to the law about protection
of privacy data and all procedures to privacy of doctors and patients is fixed in regulations.
An independent Committee of Privacy reassures that the Netherlands Cancer Registry is
compliant to these regulations. Therefore informed consent of the patients for this specific
study was not applicable.

The PHARMO Database Network is a population-based network of healthcare databases
and combines data from different healthcare settings in the Netherlands. For this study,
the Outpatient Pharmacy Database is used containing drug-dispensing records from
community pharmacies. All dispensed drugs are coded according to the Anatomical
Therapeutic Chemical (ATC) classification (www.whocc.no/atc_ddd_index), and the records
include information on type of product, date, dosage, and quantity.

Study population

All patients diagnosed with a malignancy of the pancreas (classified according to
the International Statistical Classification of Diseases and Related Health Problems - 10t
revision (ICD-10) code C-25), between 1998 and 2011 were selected from the ECR-PHARMO
cohort. To reduce confounding by indication, metformin-users were, in addition to non-
users, compared to sulfonylurea derivatives users-users. Excluded were malignancies
with the following morphology; squamous cell carcinoma, epithelial carcinoma, cystic/
mucinous/serous carcinoma or gastro-intestinal stromal tumor (GIST) because of the
differences in disease course.The in- and excluded morphology codes can be found in
supplementary table 1.

Exposure

Patients using metformin (ATC-code: A10BA02) or sulfonylurea derivatives users
(ATC-code: A10BB) for at least 30 days were defined as users. Users were defined as
patients using metformin before and after diagnosis, or only after diagnosis, and not using
contemporary sulfonylurea derivatives users. Patients who used metformin solely before
diagnosis were excluded from this analysis. Non-users were defined as patients who never
used metformin or sulfonylurea derivatives. sulfonylurea derivatives-users were defined as
patients who used solely sulfonylurea derivatives.

Analysis

The period of metformin or sulfonylurea derivatives use was defined from the first
dispensing of metformin or sulfonylurea derivatives to the end of the follow up period.
Follow up time was determined from date of diagnosis (T0) until death or end of the study

Figure 1: Flowchart of patients selected for analysis

Patients with pancreatic cancer;
diagnosed between 1998-2011
selected from the Eindhoven Cancer
Registry and linked to PHARMO Institute
Outpatient Pharmacy Database
(n=111)

Different morphology

i } (n=91)

Patients with adenocarcinoma
(n=1020)

Only pre-diagnosis metformin-user

l } (n=48)

Non-users and pre- and postdiagnosis
users (n=972)

| Metformin-users using contemporary
} sulfonylurea derivatives (n=57)
¢ Follow up of O months (n=8)

Total database population
(n=907)

|
s 3

Patients not using metformin Metformin users
(nonusers) (n=77)
(n=830)

No diabetes Sulfonylurea
medication derivatives users
(n=787) (n=43))

period at 31 December 2012. Cancer registry data were linked to municipal population
registries to obtain vital status. To determine time-dependent exposure, patients were
defined as non-users fromTO0 to the date of first metformin or sulfonylurea derivatives use.
Differences in patient characteristics between metformin-users and non-users, and between
metformin-users and sulfonylurea derivatives were analyzed using the independent
samples t-test and chi square test.

A Kaplan Meier survival curve was constructed to compare overall survival between
patients using metformin, sulfonylurea derivatives and nonusers. A parametric survival
model with exponential (Poisson) distribution was used to model the effect of metformin
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Table 1: Characteristics of the cohort
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“Non-users include sulfonylurea derivatives-user
'P-value for non-users vs metformin users

*P-value for metformin vs sulfonylurea derivatives users
Significant differences are printed in bold

61 18 42
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33 47 61
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35

321

=2

13

10

13

10

13

115

Unknown

<0.001 52 68 24 56 0.17

17 103 12 52 68

155

yes

Diabetes

0.56

0.73

31

36
90
62
312
407

TNM stage

12

12

10

81

10

59
286
373

26
56

34

44

26
34

34
44

34 26
34

45

34
45

2%

Unknown

0.79
0.72
0.50

12

16

12

0.18
0.36
0.57

98 86 10 12 16

38
210

Surgery (yes)

Treatment

33
190

Radiotherapy (yes)

19

26

20

20 26

23

23

Chemotherapy (yes)

0.70

28 36 14 33

<0.001

36

87 28

13

115

Insulin use ever

use on overall survival, where death of any cause was coded as event. Metformin use and
sulfonylurea derivatives use were included as time varying covariate in the model.

Overall survival between metformin-users and non-users was assessed. Adjustments
were made for age, number of comorbidities (0, 1 or =2, excluding diabetes mellitus),
TNM stage (categorical), year of diagnosis (1998-2003, 2004-2007, 2008-2011) surgery (yes/
no), chemotherapy (yes/no), and radiotherapy (yes/no). Information about comorbidities
was available for lung disease, cardiovascular disease, diabetes and disorders of the
gastrointestinal tract, urinary tract, nervous system, musculoskeletal system, and a group
of other comorbidities. Unknown values were taken into account as categorical variables
in the multivariable model. The difference between overall survival in metformin-users
and sulfonylurea derivatives-users was analyzed with the same model that was used for
the analysis of metformin vs non-users. The results of the model should be interpreted as
a favorable association with survival when the result shows a rate ratio smaller than 1 in
relation to the comparison group.

All analysis were performed using Stata version 12 statistical software. Statistical tests
were two-sided and considered significant at the P<0.05 level.

Results

In total, 1,111 patients with pancreatic cancer were diagnosed in the period 1998-2011;
91 patients were excluded due to morphology (as described above), and 48 patients
using merely metformin before diagnosis were excluded (Figure 1, flow chart of the study
population). Overall, 57 metformin-users ever used contemporary sulfonylurea derivatives,
and were therefore excluded. Eight patients with a survival of zero months were excluded
from the analysis. This resulted in a study population of 907 patients, of which 77 patients
used metformin and 43 patients who used sulfonylurea derivatives as drug for diabetes
type 2.

In total 863 events were reported. In the metformin group, 64 patients deceased during
study period, and in the sulfonylurea derivatives-users 41 patients deceased.

Table 1 shows the characteristics of this population. There were no significant
differences between the groups concerning TNM stage and treatment (chemotherapy,
radiotherapy and surgery). Metformin-users had more additional comorbidities (P<0.001)
compared to both non-users and sulfonylurea derivatives-users. Incidence of diabetes
did not differ between the group of metformin-users and sulfonylurea derivatives-users.
Contemporary insulin use was 36% for metformin-users vs 33% among patients using
sulfonylurea derivatives (P=0.70). Patients who used metformin were diagnosed in
more recent years than sulfonylurea derivatives-users or non-users (P<0.001). Finally,
median survival of metformin-users was 5.7 months (Inter Quartile Range (IQR) 2.2-14.7),
sulfonylurea derivatives-users had a median survival of 6.0 (IQR 1.6-21.2) months, while
non-users had a median survival of 4.0 months (IQR 1.5-9.2).

Table 2 shows the analysis of overall survival difference between metformin-users and
non-users. For all patients with pancreatic cancer, metformin-use was associated with an
improved overall survival compared to patients not using metformin, rate ratio (RR) 0.76
(95% Cl 0.59-0.98; P=0.04; Table 2). This association was no longer significant after adjusting
for age, number of comorbidities, stage, year of diagnosis, surgery, chemotherapy, and
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Figure 2: Kaplan—-Meier estimation of survival curves in patients with pancreatic cancer grouped according to
medication use
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radiotherapy. Multivariable RR for metformin-users compared to non-users was 0.86
(95%Cl 0.66-1.12; P=0.26).

Overall survival was additionally assessed between the following three groups: patients
not using OGLD, metformin-users, and sulfonylurea derivatives-users (Figure 2, Table 2).
Overall survival for metformin-users versus non-users was RR 0.74 (95%Cl 0.57-0.95;
P=0.02). After adjusting for potential confounders, the RR for overall survival of metformin-
users versus non-users was 0.85 (95% Cl 0.65-1.11; P=0.23). Overall survival for sulfonylurea
derivatives-users compared to non-users was RR 0.60 (95%Cl 0.44-0.82; P=0.001), and
multivariable analysis showed a RR 0.82 (95%CI 0.59-1.13; P=0.23).

Lastly, table 2 shows the comparison of metformin-users versus sulfonylurea
derivatives-users. Sulfonylurea derivatives use was not associated with overall survival
compared to metformin-users, RR 0.78 (95%Cl 0.53-1.15; P=0.21), and adjusted RR was 0.86
(95%Cl 0.50-1.46; P=0.57).

Discussion

This retrospective, observational cohort study showed no association between the use
of metformin and overall survival in patients with pancreatic cancer.

These results are in concordance with the results of two retrospective cohort studies.
These studies found no association between the use of metformin and survival in patients
with (advanced) pancreatic cancer, however these studies were only done in respectively

44 and 516 patients with type 2 diabetes mellitus?*?® Similarly, two recently published
randomized controlled trials — carried out in 121 patients in the Netherlands and 60 patients
in Italy - also showed no effect of metformin on survival.?6?’ Despite differences in design,
such as cancer stage, chemotherapy regime, blinding, and use of placebo, both trials show
a consistent no effect of metformin on survival in patients with advanced pancreatic cancer.

The results of the randomized controlled trials and our study are in conflict with
numerous other observational studies describing a beneficial effect of metformin, not
only in pancreatic cancer.’>'®?32 Mortality decrease for patients with pancreatic cancer
using metformin was consistently 27-40% in previous studies, however these cohorts were
smaller than the cohort that was analyzed in this study, with respectively 302, 764 and 349
patients that were analyzed.?3*°This discrepancy could, be partly explained by the difference
in methodology.® Suissa et al. studied the effect of time-related biases in observational drug
studies of metformin on cancer.??2 Authors state that using time varying techniques prevents
misclassification of metformin exposure.There have been several publications claiming
to account for these biases. These studies could not demonstrate any association between
metformin and cancer incidence or the observed incidence reduction was considerably
smaller than previous results.??%34 Another explanation could be the high number of
patients with irresectable pancreatic cancer (89%) in our study, whereas other studies found
a survival benefit in patients with resectable pancreatic cancer.?32

In addition, differences in patient characteristics could partly explain the results of our
study. Patients using sulfonylurea derivatives had less comorbidities than metformin-users.

Table 2: Time-dependent survival analysis

(95% C.1.) (95% C.1.)
Metformin-users versus non-users
Non-userst 830 1 (Reference) 1 (Reference)
Metformin-users 77  0.76(0.59-0.98) 0.04 0.86 (0.66-1.12) 0.26

Non-users versus metformin users and sulfonylurea derivatives users

Non-users ¥ 787 1 (Reference) 1 (Reference)
Metformin-users 77  0.74(0.57-0.95) 0.02 0.85(0.65-1.11) 0.23
Sulfonylurea 43 ' 0.60(0.44-0.82) 0.001 0.82(0.59-1.13) 0.23

derivatives-users

Metformin-users versus sulfonylurea derivatives users
Metformin-users 77 1 (Reference) 1 (Reference)

Sulfonylurea 43  0.78(0.53-1.15) 0.21 0.86 (0.50-1.46) 0.57
derivatives-users

“Adjusted for age, number of comorbidities, stage, year of diagnosis and therapy (surgery, radiotherapy and
chemotherapy)

"Non-users including sulfonylurea derivatives-users

*Nonusers do not include sulfonylurea derivatives-users

RR: Rate Ratio

Significant differences are printed in bold
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Before 2006, the guidelines recommended prescription of metformin for patients with a
BMI higher than 27.353¢ It could therefore be possible that a majority of the patients that
were prescribed metformin (35%) before 2006 were overweight. Obese patients have a
worse prognosis and overall survival, partly due to a higher risk surgical risk.>”

This observation could also partly explain the observed trend towards a better survival for
patients using sulfonylurea derivatives, however no information on BMI was available in
the current dataset.

For the direct action of metformin on cancer cells the effective drug concentrations
achieved in neoplastic tissue are crucial.®® It is possible that the required concentration in
the target tissue is not attained with the current dose of metformin. Due to the retrospective
nature of this study, no information is available about sufficient concentrations of the effect
on tumor cells.*®The Dutch randomized controlled trial has also addressed this aspect,
where an effect on survival was seen in a subset of patients reaching adequate insulin level
decrease.®

Our study has some notable strengths. First, this is one of the largest cohorts so far
to analyze the association between the use of metformin and survival in patients with
pancreatic cancer. Second, our data is linked through two validated databases - ECR and
PHARMO - preventing both recall and information bias. Third, this is the first observational
study about the association between the use of metformin and overall survival in patients
with pancreatic cancer, taking into account the time between the beginning of the follow
up and the first drug prescription, which prevents time-related biases. Not including the
time varying covariate in our model also revealed a highly significant survival benefit for
metformin-users. Additionally, metformin-users were compared to sulfonylurea derivative
users, a group of patients with a more similar baseline prognosis. Lastly, previous articles
focused on the effect of metformin on overall survival limited to patients with pancreatic
cancer and type 2 diabetes, whereas this study included all patients with pancreatic cancer.

A limitation to this observational study could be the small number of patients who
received OGLD in a large cohort, which also complicates a subgroup analysis, e.g. in
patients who underwent a resection. Only 43 patients were using solely sulfonylurea
derivatives. Due to this small number of users, no robust statements can be made.
However, due to the wide interest in a growing field, this remains a relevant study,
complementing the existing evidence. Moreover, because of the retrospective nature of
the study, the amount of information available is limited. There is no detailed information
about the population such as smoking, BMI, glycemic control or cause of death. It could
hypothetically be possible that the non-significant relative risk reduction of 156% found in
adjusted analysis was not significant due to a lack of power. However, in the randomized
controlled trials recently published, no effect of metformin on survival of patients with
pancreatic cancer could be proven, and these trials were of course designed with a power
calculation.

This observational study contributes to the mounting evidence against an association
between improved survival in patients with pancreatic cancer using metformin,2426.2.39
These findings could discourage new trials to be designed for metformin as adjuvant
therapy in pancreatic cancer, as this disease is generally discovered in an advanced stage
were the anti-tumor effect of metformin will not be able to sufficiently inhibit tumor

growth.? However, this study does not exclude the opportunity that metformin could

be a valuable adjuvant therapy in other cancer types or only in patients with resectable,
early-stage pancreatic cancer. Nowadays new oncology drugs are very expensive and
drug repurposing is an attractive strategy to offer more effective options for patients with
cancer.*!
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Supplementary table 1: included and excluded morphology codes (ICD-10)

8000 8070
8140 8010
8150 8011
8151 8012
8154 8013
8201 8021
8240 8041
8246 8440
8260 8453
8310 8470
8001 8471
8500 8480
8521 8481
8550 8490
8560 8936
8574

8720

8803
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Abstract
Background

Several studies have suggested that the association between aspirin and improved
cancer survival is mediated through the mechanism of aspirin as a thrombocyte
aggregation inhibitors (TAI).The aim of this study was to provide epidemiological
evidence for this mechanism assessing the association between overall survival and the
use of aspirin and non-aspirin TAl in patients with colorectal cancer.

Methods

In this observational study, data from the Netherlands Comprehensive Cancer
Organization was linked to PHARMO Database Network. Patients using aspirin or aspirin
in combination with non-aspirin TAl (dual-users) were selected and compared to non-
users. The association between overall survival and the use of (non-) aspirin TAl was
analysed using Cox regression models with the use of (non-)aspirin TAl as time-varying
covariate.

Results

In total, 9,196 patients were identified with colorectal cancer and 1,766 patients used
TAI after diagnosis. Non-aspirin TAl were mostly clopidogrel and dipyridamole. Aspirin
use was associated with a significant increased overall survival, Hazard Ratio (HR) 0.41
(95% C.l. 0.37-0.47) and the use of non-aspirin TAl was not associated with survival of
HR 0.92 (95% C.l. 0.70-1.22). Dual-users did not have an improved overall survival when
compared to patients using solely aspirin.

Conclusions

Aspirin use after diagnosis of colorectal cancer was associated with significantly
lower mortality rates and this effect remained significant after adjusting for potential
confounders. No additional survival benefit was observed in patients using both aspirin
and anotherTAL

Introduction
Evidence before this study

There is growing evidence that aspirin use after diagnosis could reduce metastatic
spread and increase the survival of patients with colorectal cancer. A recent systematic
review and meta-analyses of Elwood et al. showed a reduction of approximately 25% in
colorectal cancer specific mortality (HR 0.71, Cl 0.58-0.87) and 20% in all-cause mortality
(HR 0.80, CI 0.70-0.92)."The mechanism of action of aspirin in colorectal cancer specific
mortality was previously thought to be a result of the prevention of colonic adenomas
and, subsequently, less cancer development from these adenomas. However, meta-
analyses of large secondary cardiovascular prevention trials show a larger effect on
colorectal cancer specific mortality than would be expected if only adenomas were
prevented.?

Randomised controlled trials are eagerly awaited to provide a decisive answer on the
effect of aspirin as adjuvant therapy for cancer: ASCOLT trial (NCT00565708), Add-Aspirin
trial (ISRCTN74358648), Aspirin trial (NCT02301286).

Biological mechanism of aspirin

The current described mechanisms of action of aspirin on cancer are inhibition of
tumour growth and angiogenesis, delay of metastatic spread, abrogation of invasiveness,
improvement of cellular apoptosis and enhancements of DNA mismatch repair.” Previous
studies attempted to unravel the mechanism of action of aspirin with the identification
of a specific biomarker, which could concurrently be used to predict the effectiveness of
aspirin as adjuvant therapy. PIK3CA mutation status, HLA class | antigen expression and
COX-2 overexpression have been suggested to play a role in this mechanism, however
study results are heterogeneous.?

Thrombocytes and cancer

Thrombocytes become activated and aggregated by cancer cells via various
mediators, such as direct cell-cell contact, coagulant disturbances and soluble mediators
(Thromboxane A,).*Thrombocyte membranes consist of adhesion molecules promoting
adhesion, for example to other thrombocytes and the vascular wall. Thrombocyte
activation induced by cancer cells promotes several steps in cancer progression, such
as cancer metastasis, tumour proliferation and angiogenesis. In this manner, cancer
cell-bound thrombocytes form a cloak around the cancer cells and protect the cancer
cells from immune surveillance, including cytolysis by natural killer cells.4 Although the
pathogenesis is not clear, thrombocytosis in colorectal cancer patients has been observed
to be associated with a poor cancer prognosis.®This could suggest that inhibiting the
aggregation of thrombocytes could be a new therapeutic target for cancer therapy.

The effect of aspirin on cancer mortality has also been suggested to be mediated
through the ability of aspirin to inhibit thrombocyte aggregation.*5’ The aim of this study
was to provide epidemiological evidence for the hypothesized thrombocyte-mediated
mechanism of aspirin through studying otherThrombocyte Aggregation Inhibitors (TAl).
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Patients and methods
Study population

Data were obtained from the Netherlands Comprehensive Cancer Organization (IKNL)
and linked on a patient level to the PHARMO Database Network, covering a demographic
region in the South-eastern part of the Netherlands of approximately 1,5 million
inhabitants (formerly known as the Eindhoven Cancer Registry, ECR). By connecting drug
dispensing records from the PHARMO Database Network to individual cancer survival
data from IKNL, allows drug use to be analysed per (cancer) patient. The PHARMO
Database Network is population-based and combines data from healthcare settings in
the Netherlands. For this study, data from the out-patient pharmacy database was used.
The construct and validity of the IKNL-PHARMO cohort have been described elsewhere.?
Patients with colorectal cancer older than 18 years, diagnosed between January 1998
and December 2011 were included. Patients were informed about the registration and
registered, unless they objected to be registered, and therefore informed consent for this
study was not applicable. The vital status (dead/alive) of patients was obtained by the
municipal population registry and was linked to IKNL. Follow-up of this study was until
31 December 2012.

The PHARMO database comprises GP or specialist dispensed healthcare products
dispensed by the out-patient pharmacy. The dispensing records include information on
type of product, date, strength, dosage regimen and quantity. Drug dispensing is coded
according to the WHO Anatomical Therapeutic Chemical (ATC) Classification System
(WHO Anatomical Therapeutic Chemical Classification (www.whocc.no/atc_ddd_index).
From this linked database, prescriptions for dispensed TAl were selected. The ATC-codes
for used for the selection of users can be found inTable A.1.

Definition of user

Four groups of patients were selected from the IKNL-PHARMO cohort: non-users,
aspirin users, TAl users and dual users (figure 1).

Non-users were defined as patients who never used aTAIl or were dispensed aTAl
for less than 30 days. Patients who used any TAlI (this includes aspirin) solely before
diagnosis, patients younger than 18 years, and patients whose follow-up was less than
six months, were excluded from the analysis.

Patients who used aTAI, were selected and defined as users under the condition that
they used medication for at least 30 days. Patients who used both aspirin and a non-
aspirin TAl were defined as dual-users.

Patients who used solely a non-aspirin TAl were excluded from the analysis.The
reason for this is because, according to the guidelines, a non-aspirin TAl always has to be

prescribed in combination with aspirin.®™ A possible reason for patients not to use aspirin

in combination with a non-aspirin TAl are because they are possibly intolerant for aspirin

and are therefore prescribed solely a non-aspirin TAL. This is confirmed by the observation

that this group is relatively small (n=64) and therefore, they were excluded from the
analysis.

Figure 1: Flow chart of study population with the excluded number and reasons of exclusion of patients

PHARMO region;
Patients with colorectal cancer;
year of diagnosis 1998-2011
n=9196

| } Exclude only pre diagnosis TAI users

L n=739

Nonusers and post diagnosis TAI users

n=8457
| Exclude patients with followup
> <6 months (n=1113)
¢ Patients age <18 years
(n=1)

Total database population
n=7343

Follow-up time of patients was divided into periods of use and non-use of TAl. Follow-
up started six months after diagnosis (t0) and duration (survival) was recorded in months.
A lag period of six months was used, after which patients were categorized patients into:
groups of non-users, solely aspirin users, solely non-aspirin TAl users and dual-users
(figure 2).M12

Figure 2: Overview of study groups included in the study. Patients using solely non-aspirin Thrombocyte
Aggregation Inhibitors (TAI, n=64) were excluded from the analysis.

Double Aspirin

users users
n=273 n=1,493

Non-aspirin
TAIl users
n=64
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Statistical analysis

The time of use of aspirin or a non-aspirin TAl was analysed as time-varying covariate
(TVC) in periods of use and no use, to avoid immortal time bias." ' First, a model was
built where aspirin and non-aspirin TAl were used asTVC, in the total cohort. Additionally,
two models were built with the selected groups, where patients using aspirin versus
non-users were analysed and subsequently dual-users versus non-users. The association
between the use of aspirin and overall survival was analysed using multivariable time-
dependent Cox Proportional Hazard models. The models contained time-varying duration
of aspirin and or non-aspirin TAl exposure.The proportional hazard assumption was
tested with Schoenfeld residuals.

Comorbidities were registered by IKNL as follows: lung disease, cardiovascular
disease, diabetes, disorders of the gastrointestinal tract, urinary tract, nervous system,
musculoskeletal system, and a group of ‘other comorbidities’. Comorbidities were
analysed as 0, 1 or =2 comorbidities at the moment of cancer diagnosis.

Multivariable survival models were built with the following covariates: age at
diagnosis (continuous), sex, stage of cancer according to TNM staging (categorical)™,
number of comorbidities (categorical, 0, 1, =2), and treatment: surgery (yes/no),
radiotherapy (yes/no) and chemotherapy (yes/no).

Missing values were included in the multivariable model as missing indicator.
Analyses were performed using Stata statistical software version 12 and statistical tests
were two-sided and considered significant if p<0.05.

Results
In total, 9,196 patients were identified with colorectal cancer, diagnosed between

January 1998 and December 2011. The following patients were excluded from the analysis:

739 pre-diagnosis TAl users, 1,113 patients with a follow-up less than six months and 1
patient below the age of 18 years. (flow chart, figure 1) Total follow-up time was 31757.93
years and in total, 2,785 deaths (30%) were recorded.

Figure 2 shows that 7,279 patients were included in the analysis, of which 5,513 (76%)
patients were classified as non-users, 1,493 (21%) as solely aspirin users, and 273 (4%)
as dual-users (patients using both aspirin and a non-aspirin TAl). In the group where
patients used both aspirin and anotherTAl, 50% of patients used aspirin in combination
with dipyridamole, 39% used aspirin in combination with clopidogrel, 9.2% used
aspirin in combination with both clopidogrel and dipyridamole and 1.5% used aspirin in
combination with clopidogrel and ticlopidine.

Table 1 shows the characteristics of the patient population. There were more male
patients observed in the user groups: 53% (2,893 of 5,513) of all patients in the non-user
group were male versus 64% (962 of 1,493) in the solely aspirin user group and 69% (188
of 273) in the dual-user group. Dual-users received less chemotherapy and radiotherapy
compared to non-users and aspirin users. Additionally, 52% (781 of 1,493) solely aspirin
users and 58% (159 of 273) dual-users had two or more comorbidities, in contrast with
the non-user group where 40% (2,198 of 5,513) of the patients had no comorbidities.
Non-users were generally younger compared to aspirin users and dual-users.

Table 1: Baseline characteristics of the population under study, devided into three groups; non-users, solely aspirin

users and dual users

All patients

n=1279

BT BTN I

Userstatus defined in 6 months after diagnosis

Solely aspirin user
n=1493

Dual user
n=273

Age

<60 1617 22 1471 27 122 8 24 9
60-69 2153 30 1717 31 376 25 60 22
70-79 2475 34 1678 30 672 45 125 46
=80 1034 14 647 12 323 22 64 23
Sex

Male 4043 56 2893 53 962 64 188 69
Female 3236 45 2620 48 531 36 85 31
Location of the tumour

Colon 4596 63 3406 62 995 67 195 71
Rectum 2683 37 2107 38 498 68 78 29
Stage

0 246 3 173 3 61 4 12 4
| 1521 21 1124 20 332 22 65 24
Il 2247 31 1678 30 470 32 99 36
Il 1956 27 1502 27 397 27 57 21
v 1061 15 852 16 183 12 26 10
Missing 248 3 184 3 50 3 14 5
Surgery

No 531 7 402 7 109 7 20 7
Yes 6748 93 5111 93 1384 93 253 93
Chemotherapy

No 5100 70 3752 68 1126 75 222 81
Yes 2179 30 1761 32 367 25 51 19
Radiotherapy

No 5355 74 3991 72 1145 77 219 80
Yes 1924 26 1522 28 348 23 54 20
Amount of comorbidities

0 2412 33 2198 40 192 13 22 8
1 2064 28 1581 29 412 28 71 26
2 or more 2142 29 1202 22 781 52 159 58
Missing 661 9 532 10 108 7 21 8
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The overall survival model (n=7,279) with the use of aspirin and the use of non-aspirin
TAI, both analysed asTVC, showed a hazard ratio for the use of aspirin of 0.52 (95% C.I.
0.46-0.58) and for the use of non-aspirin TAl of 0.93 (95% C.I. 0.71-1.23). The multivariable
model, where adjustments were made for age at diagnosis, sex, stage of cancer, number
of comorbidities and treatment, showed a hazard ratio for aspirin use of 0.41 (95% C.I.
0.37-0.47) and for the use of non-aspirin TAl of 0.92 (95% C.I. 0.70-1.22). The proportional
hazard assumption was fulfilled.

The results of the survival analysis in groups of users are shown in table 2. For the
analysis in the group of patients using only aspirin versus non-users, aspirin use was
associated with a significant reduction in mortality (HR 0.53, 95% C.l. 0.47-0.60). When
adjusted for possible confounders, the multivariable hazard ratio was 0.42 (95% C.l. 0.37-
0.48). In the group of dual-users, the use of aspirin was also associated with a significant
reduction in mortality (HR 0.50, 95% C.I. 0.41-0.62). The adjusted analysis in this group
showed a hazard ratio of 0.43 (95% C.l. 0.35-0.52).

Table 2: Time dependent survival analusis with Cox Proportional Hazards model for the association between the use of
thrombocyte aggregation inhibitors and survival, analysed into two groups; aspirin users versus non-users in
patients using solely aspirin and dual users versus non-users in patients using aspirin and another TAL.

Univariate Multivariate
| 0| Events | HR(95%CI) | Pvalue | HR*(95%CI) | P-value

Aspirin users versus 7006
non-users (in patients
using solely aspirin)

No aspirinuse = 5513 2037 1.00 (reference) 1.00 (reference)

Aspirin use 1493 651 0.53(0.47-0.60) <0.001  0.42(0.37-0.48)  <0.001
Dual users versus non- 5786
users (patients using
aspirin and another TAI)

No aspirinuse = 5513 2037 1.00 (reference) 1.00 (reference)

Aspirin use 273 97 0.50(0.41-0.62) <0.001  0.43(0.35-0.52)  <0.001

* Adjusted for sex, age at incidence, stage, surgery (yes/no), chemotherapy (yes/no), radiotherapy (yes/no),
amount of comorbidities

Abbreviations: HR 'Hazard Ratio'

Significant values are printed in bold

Discussion

Aspirin use after diagnosis of colorectal cancer was associated with a significantly
lower mortality rate and this effect remained significant after adjusting for potential
confounders. No additional survival benefit was observed in patients using both aspirin
and a non-aspirinTAL In the model in which both aspirin and non-aspirin TAl were
assessed, no additional survival benefit was found for the use of a non-aspirin TAL

The association between aspirin use and overall survival has been reported in many
publications.¥The results of this study are in line with the previously published studies.
The association between overall survival and aspirin use was not the goal of this current
study, but in order to make the comparison with otherTAl’s this was an analysis which
had to be performed.

There are two possible explanations for our results:

First, it could be possible that low-dose aspirin (75 mg) sufficiently inhibits the
aggregation of thrombocytes to accomplish the hypothesised anti-cancer mechanism.
According to this mechanism, because of the inhibition of aggregation of thrombocytes,
circulating tumour cells are no longer surrounded by thrombocytes, facilitating detection
by the immune system, and subsequently cleared from the blood stream.?5'56 Aspirin
inhibits the production of Prostaglandin E2, thereby preventing direct contact between
thrombocytes and tumour cells.” The natural production of tumour growth factor 3
(TFB-B) is inhibited, and the subsequent signalling of nuclear factor kB in circulating
tumour cells. As a result of this inhibition the epithelial-mesenchymal transition in
circulating tumour cells is prevented and the metastatic potential of circulating tumour
cells is reduced.”"® Aspirin has a permanent anti-thrombotic effect via acetylation of
COX-1 in megakaryocytes in the bone-marrow limiting de novo protein synthesis of
thrombocytes.? It could therefore be possible that other TAl may not have been able to
additionally inhibit thrombocyte aggregation and therefore unable to additionally prevent
metastases.

On the other hand, these non-aspirin TAl (dipyridamole and clopidogrel) do have
hypothesized anti-cancer mechanisms.

Clopidogrel causes a permanent modification of the ADP-receptors on thrombocytes.?'
Through repeated daily dosing, this modification causes cumulative inhibition of ADP-
induced thrombocyte aggregation. One of the molecular mechanisms that facilitates the
interaction between thrombocytes and cancer is through the release of ADP. ADP acts via
its P2Y, and P2Y_, receptors on thrombocytes and ADP depletion has been associated
with a reduction in metastasis.”?

Dipyridamole is a phosphodiesterase inhibitor, which causes an increase of
intracellular cyclic AMP (cAMP) via several working mechanisms.??*This increase in
cAMP leads to reversible thrombocyte aggregation inhibition. Down-regulation of cAMP
signalling enhances colorectal cancer cell proliferation, which is driven by Prostaglandin
E2 (PGE2).%

A second explanation for our results might be that that the effect of aspirin on cancer
survival is not restricted to thrombocyte aggregation only, but an additional mechanism
unique for aspirin could be responsible for the observed survival benefit.

One previous study by Hicks et al assessed the association between the use of
clopidogrel and survival of patients with colorectal cancer.®This study found no
association between post-diagnosis clopidogrel use and cancer-specific mortality
(adjusted HR 0.96, 95% C.l. 0.76-1.22) and an increased rate of all-cause mortality
(adjusted HR 1.31, 95% C.l. 1.13-1.55) for patients using clopidogrel. The authors attribute
this increased mortality to confounding by indication, due to a higher cardiovascular
mortality in the group of patients with colorectal cancer using clopidogrel. This is an
interesting observation, since this cardiovascular mortality is also present in the group
of patients using aspirin. Despite a higher cardiovascular mortality, significant survival
benefits are observed in numerous observational studies assessing the effect of aspirin
on overall survival.” A very early study from 1988 randomised 144 colon cancer patients
between chemotherapy and chemotherapy plus mopidamol, a derivative of dipyridamole,
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and found no survival benefit.? Two years later, another study found no effect on survival
for patients with advanced colon cancer taking dipyridamole.” Rothwell et al. performed a
meta-analysis of individual patient data pooling large randomised controlled trials where
TAIl were investigated as potential cardiovascular prevention medication and found no
association between non-aspirin TAl and risk of cancer death.?

Our study cannot state firm conclusions with regard to our primary hypothesis but
does provide interesting insights in the mechanisms associated with TAl and cancer
survival.

Strengths and limitations

To our knowledge, this is the first study to evaluate the effect of non-aspirin TAl on
cancer survival. Another strength of this study is that the data are population-based with
a long follow-up period, which resulted in a large cohort. Our data were derived from the
national cancer registry and dispensing data of pharmacies, eliminating both recall and
information bias.

The lag period of six months resulted in an absolute lower number of patients
because of the exclusion of patients with a follow-up duration of less than six months.
However, this reduced the immortal time bias associated with this type of studies,
improving the quality of the results.’?>' Despite our multivariable model, the probability
of residual confounding remains. Although PHARMO only registers prescriptions that
were actually dispensed by the pharmacies, it was not registered if patients actually took
the medication. Lastly, confounding by indication could have overestimated the mortality
benefit found for patients using aspirin. Data are not randomised, and the decision of the
treating physician to prescribe aspirin to patients cannot be taken into account. Patients
with a poor prognosis may not be have been treated with aspirin and, as a result, were
counted in the non-user group (healthy user bias).

Regarding the subject of confounding by indication, little is known about the influence
of the comorbidity of patients using aspirin on the observed survival benefit in the
numerous studies that have been published until now." Aspirin is currently prescribed
as secondary cardiovascular prevention drug.?® Therefore, all patients using aspirin
must have had a primary cardiovascular event. It is known that cancer survival rates for
patients with cardiovascular disease are lower than for patients without cardiovascular
disease.®*?' Furthermore, patients with cancer and additional comorbidities also have a
lower overall survival.®2 With this knowledge, it is even more surprising that in the current
studies aspirin use is associated with a survival benefit for cancer patients. Because this
is an unsolvable puzzle with the current study designs, the ongoing randomised clinical
trials are of utmost importance to determine what the effect of aspirin as adjuvant therapy
will be for cancer survival.

Future research

Based on the results of this current study, no evidence could be provided for an
additional survival benefit of a non-aspirin TAl in addition to the use of aspirin for
patients with colorectal cancer. In 2012 the guidelines have changed and the use of solely
clopidogrel as therapy for patients that experienced aTIA became indicated.® In the

future, when these guidelines have been in use for several years, it will be possible to
analyse patients that used exclusively non-aspirin TAIl. Further research is encouraged to
reveal the interaction between thrombocytes and cancer. It is important to focus on novel
thrombocyte-targeted anticancer therapies.3*%
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Table A.1: Overview of ATC-codes used for patient selection from PHARMO database, these results were combined
with data from the Eindhoven Cancer Registry

ATC-code ATC-code Name
B01AC06 B01AC04 Clopidogrel
BO1ACO8 BO1AC05 Ticlopidine
B0O1AC56 B0O1ACO7 Dipyridamole
NO02BAO1 B01AC22 Prasugrel
NO02BA15 B01AC24 Ticagrelor
NO2BA51

NO02BA65
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Abstract

In 1971 the first study appeared that suggested a relationship between aspirin and
cancer. Currently publications on the subject of aspirin and cancer are numerous, with
both a beneficial effect of aspirin on cancer incidence and a beneficial effect on cancer
survival. This review focusses on the relation between the use of aspirin and improved
survival in colorectal cancer patients. Various study designs have been used, with the
main part being observational studies and post-hoc meta-analyses of cancer outcomes in
cardiovascular prevention trials. The results of these studies are unambiguously pointing
towards an effect of aspirin on colorectal cancer survival, and several randomised
controlled trials are currently ongoing. Some clinicians feel that the current evidence is
conclusive and that the time has come for aspirin to be prescribed as adjuvant therapy.
However, until this review, not much attention has been paid to the specific types of
bias associated with these studies. One of these biases is confounding by indication,
because aspirin is indicated for patients as secondary prevention for cardiovascular
disease. This review aims to provide perspective on these biases and provide tools for
the interpretation of the current evidence. Albeit promising, the current evidence is not
sufficient to already prescribe aspirin as adjuvant therapy for colorectal cancer.

Introduction

Aspirin, originating from the bark of a willow, was already used by Hippocrates in
400 B.C. It was patented as an analgesic in 1897, but the analgesic working mechanism
was not unravelled until 1970." In the years thereafter, this appeared not to be the only
ability of this medicine, as in the 1970’s aspirin became regular treatment for secondary
cardiovascular disease prevention. More recently, the possible anti-cancer effect of
acetylsalicylic acid has gained much attention, with the most elaborative studies
performed in patients with colorectal cancer (CRC).2 A reduced cancer incidence as well as
a reduced cancer mortality of aspirin users has been observed frequently.®

Cancer is still one of the main causes of premature death worldwide.* Cancer is one
of the most expensive diseases for health care systems around the world with global
spending on cancer drugs alone of more than $100 billion in 2014.* Hence, new and cheap
cancer drugs that are globally available are urgently needed, and hopefully aspirin can
become an additional therapeutic option in the spectrum of cancer treatment.

Albeit the promising results so far, before aspirin can be implemented as regular
treatment option in cancer, randomised controlled trials (RCT’s) have to be awaited.
Several RCT's are currently ongoing to provide the world with a decisive answer on
the mortality reducing effect of aspirin on colorectal cancer, but it will take another
few years before the results of these studies will be published (table 1). Meanwhile, 16
observational studies, 4 meta-analysis and numerous reviews have been published on
the subject, all pointing to beneficial effects of aspirin on survival of CRC patients.>®

Cardiovascular disease is more prevalent in the group of patients using aspirin and
the impact of this has been disregarded until now.The present review aims to deliver a
critical appraisal of the available evidence with special focus on possible sources of bias
in the current observational studies.

Also, data from the RCT’s studying cancer outcomes in cardiovascular prevention
trials have to deal with complex relations between cardiovascular morbidity, CRC cancer
and survival. Previous studies mainly focused on the mortality reducing effect of aspirin
in CRC patients, and therefore this will be the scope of this review. This review will
provide a framework for the epidemiological challenges associated with the interpretation
of observational studies on aspirin effects.
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Table 1: Overview of current ongaing trials for the effect of aspirin use after diagnosis in patients with colorectal cancer

Current evidence from observational studies 105
_— - = o~ o~ ) Four meta-analyses have addressed the effect of aspirin on survival in CRC.5>8The most o
sz E IS = = = = =
§.ﬁ = o o o o recent and comprehensive meta-analysis of Elwood et al provides a complete overview of =
T} =
& E 8 all relevant studies.7 In this meta-analysis, sixteen observational studies were identified. N
= A reduction in colorectal deaths of about 25%, and a reduction of approximately 20% in E
@ =
_.g % g % g g all-cause mortality was demonstrated. The pooled CRC specific mortality rate was 0.71 =
& (Hazard Ratio (HR) 95% Confidence Interval (Cl) 0.58-0.87) and the pooled overall mortality =
(7] =
rate was 0.80 (95% CI 0.70-0.92). The included studies all had different study designs and =
.o =1
o H © methods of analysis, which resulted in a high p-value for heterogeneity (p-value= 0.0005, s
£z — =
S = 8 = all studies). Table 2 provides an overview of the included studies. =
e} S} € =
§ 28 = < Two large cohort studies from the United States that evaluated the effect on mortality =
= ;S @ £ . . .. . . . =
§ = % % 2 E in CRC with self-reported aspirin use were not included in the meta-analysis."”?® Both =
> [ = = =
= 2 233 g & = studies reported a mortality reduction for patients with CRC, although Zell et al reported =
= = IPT =
— o = (%) 5 =
g = s 288 2 Z‘% that this was only the case for patients using aspirin for more than five years (overall =
= 5 e c=| 3 S . - . =
£ o g Sz £ g mortality, HR 0.53 (95% CI 0.34-0.83) CRC-specific mortality 0.33 (95% CI 0.18-0.63)). =
< £S52 = .. . . . =
- = b PTE=| = b The study only had data on aspirin use prediagnosis and was therefore was not included =
= 3 in the meta-analysis of Elwood et al. =
& = 5= E| o ) = In the current observational evidence on the effect of aspirin on cancer survival, S
= ES g g3 = s s . . . . .. =
o s HE 2 & o & unfortunately, information on adverse events is scarce. In the general population, aspirin =
- E - _ _ _ _ doubles the incidence of gastrointestinal bleeding with one or two persons in every e
S .= =< o o o o N . .
hC g_g 1 == EzMEe 3 thousand may suffer from gastric bleeding each year.?’ The only colorectal study where
s 3 s 5 =& =g 2l BEE 5 . . . . . .
§§ =8 8o S 8o 8o : gastrointestinal bleeding was taken into account, was a study on the primary prevention
= £ o = = 2 = 2 = . .. . .
E E-— == 3£ SE SE| 8% 2 of CRC cancer in aspirin users in the Women'’s Health Study. This study could not prove a
=89 ™ = 5 © 5 © 5 © iS5 = =
EEd =% == S Sl s £ health benefit for the overall population of women when the negative effects of gastro-
b S8 S8 £g cg Eg 3
R S2> 8= S Sc 8= bS] intestinal bleeding were taken into account.? Only in the subgroup of women older than
~ ~— @© O — Q o — Q. o O g
R 65 years, the authors suggested a net benefit.?®
©
= | _: sl _g3 | &
S = £ = é = =2 ==& é g Several important and informative reviews have been published on the subject of
] ® s C =g S5l EcsE | . .. . . . . . .
] =8 =< 2| 2 =8| =8<¢& E aspirin and cancer mortality, some of which will be discussed here.The first review on
= = S8 o < S| =Ko (<
2 £ =8| B S5 E8ER ;‘f the subject of Langley et al. in 2011 pleaded that an increased risk: benefit ratio for the
T . e . . - .
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Table 2: Overview of observational studies assessing the effect of aspirin on survival in patients with colorectal
cancer, adapted from Elwood et al”

Year | Analysis of drug | Moment of Overall survival (0S) CRC-spec survival Duration of follow-up
exposure (time- | assessment
varying yes/no) | of use
Deaths/nonusers Deaths/nonusers
Deaths/aspirin users Deaths/aspirin users
Bains et al.® 2016  Yes Postdiagnosis HR CRC-spec: 1.00 (0.87-1.14)  7218/17060 7218/17060 Cancer Registry of Norway, The Cohort of cancer patients Median FU: 3 years
HR 0S: 1.06 (0.96-1.18) 290/1711 549/1711 Norwegian Prescription Database
Bastiaannet et 2012 Yes At diagnosis and | RR 0S: 0.77 (0.63-0.95)* 610/1176 No information Eindhoven Cancer Registry-PHARMO Drug = Cohort of cancer patients Median FU: 3.5 years
al.l0 postdiagnosis 114/275 Outcome Institute (0-12)

Cardwell etal. 2014  Yes Postdiagnosis HR CRC-spec: 0.99(0.86-1.15) 1514 (nonusers) 1577/4794 CRC patients  Linkages between the National Cancer Nested case-control analysis ~ Mean FU: 7.2 years
HR 0S: 1.06 (0.94-1.19) 700 (users) 7530 controls Data Repository, UK Clinical Practice from a cohort of 4794 cancer  (range 1-13.8)
Chan et al.” 2009 No Pre- and HR CRC-spec: 0.53 (0.33-0.86) = 287/1279 141/1279 US Nurses and Health Professionals Cohort of cancer patients Median FU: 11.8 years
postdiagnosis HR 0S:0.68 (0.51-0.92) 193/549 81/549 Cohorts
Coghill et al.” 2011 No Only HR CRC-spec 0.76 (0.61-0.94)  No information 252/889 Seattle Colon Cancer Family Registry Cohort of cancer patients Mean FU: 8 years
prediagnosis use 146/652
Dinetal.™ 2010  No information Only HR CRC-spec:1.03 (0.80-1.31) 459/1588 400/1588 Study of Colorectal Cancer Scottland, Population-based case- Median FU: 4.7 years
prediagnosis use ~ HR 0S: 1.12(0.90-1.39) 124/350 94/350 SOCCS control study in cancer (1QR 2.97-5.74)
patients
Domingoetal.™ 2013  No At diagnosis and ~ HR DFS: 0.86 (0.55-1.35) 22/125 Series of patients from the VICTOR trial Cohort study in trial cohort Median FU 61.5 months
postdiagnosis HR 0S: 0.88 (0.53-1.47) 174/771 of cancer patients (IQR 49.9-69.8)
Goh etal.’™ 2014 No information Pre- and HR DFS: 0.38 (0.17-0.84)* No information 160/634 Series of patients Cohort study of cancer FU ‘long term’
postdiagnosis HR CRCspec: 0.71 (0.43-1.16)* 21/92 patients
Jacobs et al.” 2012 No information No information HR CRC-spec: 0.63 (0.46-0.88) No information 116 deaths CPS-II Nutrition Cohort Cohort study of cancer FU 6 years (1997-2003)
67 deaths patients
Liaoetal.’ 2012 No Pre- and HR CRC-spec: 0.83 (0.61-1.23) 240/561 122/561 Nurses Health Study and Health Cohort study of cancer Median FU: 153 months
postdiagnosis HR 0S: 0.87 (0.71-1.06) 155/403 68/403 Professionals Cohorts patients (1QR 104-195)
McCowanetal.® 2012 Yes Pre- and HR CRC-spec: 0.58 (0.45-0.75)  1101/1650 601/1650 Cancer Registry records in Tayside region, ~ Cohort study of cancer Median FU 2.80 years
postdiagnosis HR 0S: HR 0.67 (0.57-0.79) 153/350 56/350 Schotland patients (IQR 0.63-6.21)
Ngetal?®(same 2015  No information Postdiagnosis HR DFS: 0.68 (0.42-1.11) 156/724 214/724 Series of trial patients from CALGB 89803 = Cohort study in trial cohort Median FU: 6.5 years
cohort and results HR 0S: 0.63 (0.35-1.12) 14/75 19/75
as Fuchs et al.®)
Reimers et al.? 2014 Yes At diagnosisand ~ HR 0S: 0.64 (0.49-0.83) 396/817 Eindhoven Cancer Registry-PHARMO Drug ~ Cohort study No information
postdiagnosis 69/182 Outcome Institute
Sun et al.? 2013 Noinformation No information HR CRC-spec: 0.77 (0.52-1.14) 931 events total No information US Nurses and Health Professionals Cohort study of cancer Total FU: 28 years

cohorts

patients

Walker et al. 2012 Yes Pre- and HR 0S: 0.99 (0.84-1.16) 4400/11325 No information UK General Practice Research Database Cohort study of cancer Median FU: 1.7 years
postdiagnosis 958/2619 patients
Zanders et al. 2015  Yes Postdiagnosis HR 0S: 0.98 (0.93-1.03) 296/778 No information Eindhoven Cancer Registry-PHARMO Drug = Cohort study of cancer Median Fl: 1.5 years
Outcome Institute patients (I0R0.2-3.4)

IQR: Interquartile range; DFS Disease Free Survival; CRC-spec: Colorectal Cancer Specific;

CRC Colorectal Cancer

* HR only for postdiagnosis use
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Methodology and bias
The overall goal of an epidemiological study is accuracy and precision in estimating
the value of the parameter of interest, i.e. a measurement without bias. With the
increased availability of population-based drug use information, the methods of analysis
are increasingly important as are the consequences of biased analysis.
Nearly all types of bias can be categorised as either selection bias, misclassification
bias or confounding:
1) Selection bias entails the selective recruitment into the study of subjects that are not
representative of the exposure or outcome pattern in the source population.
2) Misclassification bias arises by incorrect information about either exposure or
outcome or covariates for the study participants.
3) Confounding is a bias in estimating an epidemiologic measure of effect resulting from
an imbalance of other determinants of disease (or their proxies) in the compared
groups.

Immortal time bias

One important pitfall for observational studies is immortal time bias.?"* Immortal
time bias (also called survivor bias) has been described as a span of time in the follow-
up period of a cohort during which the outcome under study could not have occurred,
because subjects should be alive for the event to have occurred.®®* Immortal time bias is a
form of information bias.%

First, immortal time bias could have occurred in the method of how the use of aspirin
was analysed. Person-time prior to the prescription should be analysed as unexposed
(by the use of a time-varying covariate) and this will result in valid and precise risk
estimates.®? Not using a time-varying covariate results in misclassification of drug
exposure time. In studies where large prescription databases are used, immortal time
bias is usually avoidable, but the risk of immortal time bias should be taken into account
early in the designing of the study.**This will be more problematic in studies where
patients are defined as users by means of questionnaires at one (or several) time-points.
When not accounting for this type of bias, this can cause an illusory strengthening of the
protective effect of medication.3%34 Several publications found that when time-varying
covariates are used properly they can even result in no effects of exposure.®** The study
of Assayag et al found no association between aspirin mortality in patients with prostate
cancer when using proper analysis techniques.®-=¢ In contrast, a large US cohort found
only significant results when aspirin use was analysed as a time-varying covariate."

The impact of these differences of analyses have been displayed in figure 1, where the
hazard ratios of the observational studies of table 2 are plotted and grouped according to
whether or not a time-varying analysis was used. Van Walraven et al. demonstrated that
appropriate time-dependent methods were used in only 40% of cohort studies published
in prominent medical journals.®” Subsequently, Austin et al quantified the impact of
immortal time bias in drug exposure studies and found that the estimated treatment
effect varied from 4% to 27% mortality reduction in these studies when the time-varying
nature of the treatment was ignored, when there was no actual treatment effect.?

Figure 1: Observational studies grouped according to the use of a time-varying covariate (TVC)
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Protopathic bias

Another form of bias that is likely to occur in drug exposure studies is reverse
causation, also referred to as protopathic bias.*®This type of bias appears when
the outcome leads to changes in exposure, e.g. if cancer recurrence causes early
symptoms. As a result, patients may use pain medication for early symptoms of disease
and therefore, pain medication may appear to be associated with increased cancer
recurrence.®®% |t is unlikely that this type of bias may have influenced the results of the
observational studies of aspirin and CRC mortality because aspirin is hardly used as
an analgesic these days. Even more, the use of aspirin as analgesic would dilute the
association between improved survival and the use of aspirin and not cause reverse
causation. Lastly, aspirin in low-dose is not indicated as an analgesic.

Confounding by indication

Confounding by indication (indication bias), is an important cause of bias in non-
randomised studies, and present in several forms in the observational studies assessing
the association between aspirin use and cancer survival.*' Confounding by indication
occurs when the clinical indication for selecting specific treatment is also related to the
outcome. When studying the effect of aspirin specific colorectal cancer survival, this is
not applicable, but when studying aspirin use and the relation with overall survival this is
could have influenced results.*43

Several studies have suggested a difference in the association with survival with regard
to the moment of starting aspirin. In general, most studies distinguish two groups of users;
patients that use aspirin at the moment of diagnosis and continue after diagnosis (pre-and
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postdiagnosis use), and patients starting aspirin after being diagnosed with cancer (solely
postdiagnosis use). In studies that assessed both pre- and postdiagnosis use and also
solely postdiagnosis use, the effect was more pronounced in patients using aspirin only
after diagnosis, which was confirmed by the meta-analysis ofYe et al.®

The moment of selection of users may introduce bias. Bias arises when patients are
selected to be users only in the period after diagnosis of colorectal cancer. Commencing
the use of aspirin after diagnosis implies that patients are considered fit enough for
the prevention of cardiovascular disease according to their (cancer) prognosis (healthy
user bias). As a result, the patients with the worst prognosis will end up in the group of
nonusers and the survival benefit will appear to be (falsely) larger. An additional factor
complicating factor here is that patients with worse cardiovascular disease warrant
treatment with oral anticoagulation therapy (mostly coumarine derivatives). Aspirin
is not supposed to be prescribed in combination with oral anticoagulation therapy
because of the high bleeding risk, this has only been found appropriate in patients with
mechanical heart valves. % On the contrary, one advantage for the assessment of aspirin
use commenced after diagnosis, is the ‘new-user design’. Because patients are not yet
differentiated into groups of users and nonusers at the moment of CRC diagnosis, this
implies that the groups of users and nonusers are equally comparable at the moment of
diagnosis with a similar prognosis.

Regarding this observation, a study with data from the Swedish Cancer Register
demonstrated that aspirin use in the year prior to diagnosis had a beneficial effect on
tumor stage in patients with CRC with lower invasion depth of the primary tumor (T-stage)
and less distant metastasis (M-stage) but not on nodal status.*’” According to the authors
this could partially account for the survival benefit found in patients using aspirin. As
tumours are diagnosed in a lower stage, it could be that this can partially explain the
observed survival benefit for patients that use aspirin both pre- and postdiagnosis. No
difference was found between users of aspirin and non-users with regard to nodal status.
This is an intriguing observation which the authors attribute to the antiplatelet properties
of aspirin. Because platelets are not existent in the lymphatic systemic and therefore no
effect of aspirin can be found in the nodal status.

Another hypothetical type of confounding by indication may result from earlier
detection of tumours due to aspirin use, when aspirin induces early symptoms such as
rectal bleeding or bleeding from polyps.This could however not been demonstrated by
Rothwell, who studied time from randomisation to cancer incidence.*®

Lastly, it could also be possible that patients who develop a tumour and already use
aspirin are less sensitive for aspirin treatment, because the tumour developed in an
environment where aspirin was already present. This was not found confirmed by the
observations in an in vivo study, where mice were treated prediagnosis with aspirin and
after tumour growth exposed to additionally postdiagnosis aspirin, versus mice that
were only postdiagnosis exposed. Both tumours were reduced in size with the use of
aspirin after tumor diagnosis.* Additionally, the meta-analysis of Elwood et al. did not
detect a difference between the use of aspirin pre- and postdiagnosis and the use of
aspirin solely postdiagnosis.” Table 2 shows the timing of assessment of use of all current
observational studies.

The effect of (cardiovascular) morbidity on cancer survival

The second form in which confounding by indication is also related to the indication
for which aspirin has been prescribed to these patients. In the current guidelines, aspirin
is solely indicated as medication for secondary prevention of CVD.%° Up until this point in
time, the net value of aspirin as primary prevention for CVD could not be proven.’**2This
makes it reasonable to assume that all patients taking low-dose aspirin in observational
studies should have a history of CVD.3%° Despite (at least) one additional comorbidity
(CVD) compared to other patients with cancer, patients taking aspirin seem to have a
survival benefit over patients not taking aspirin. This paragraph will enlighten on the
maghnitude of the effect of CVD in patients with cancer on survival.

There are several mutual risk factors for both CVD and cancer, suggesting a shared
biology: inflammation, oxidative stress, reactive oxygen species, hormones, and other
metabolic reactions.®® Obesity, diabetes mellitus, hypertension, hyperlipidaemia, diet, and
physical activity are further overlapping, life-style related risk factors in CVD and cancer
development.

The effect of CVD and the effect on the outcome of patients with cancer has been
studied extensively. Patients with both CVD and cancer have a higher chance of overall
and cancer specific mortality; 1.2 to 4.8 fold higher five-year mortality rates have been
observed in patients with both cancer and CVD compared to cancer patients without
comorbidity.5*%¢ In patients with cardiovascular diseases survival rates are comparable
to patients with cancer within the age-cohort of 10 years older without cardiovascular
disease.”” One study found that patients with previous cardiovascular condition have a
HR of 1.66 (95% CI 1.20-2.31) for cancer specific mortality and this risk increases when
patients have both previous CVD and another comorbidity.*® Patients with serious
comorbid conditions and stage | cancer have similar survival rates compared to patients
with no comorbidity and stage Il cancer.® Thirty-four percent of the mortality in the
first year of follow-up for patients with a Charlson Comorbidity Index of four has been
observed to be accountable for the interaction between comorbidity and cancer.5¢

That at least some part of the observed survival benefit can be attributed to
confounding by indication is further supported by both short-term and long-term
observed survival benefits of aspirin use. A study by van Erning et al. has provided
insight in the long-term causes of death in patients with CRC in a Dutch population-based
cohort.®This study showed that the risk of dying from cancer diminishes with each
additional survived year after diagnosis. The risk even decreases below 5% risk of dying
from CRC five years after diagnosis.>® After these five years, there are still several studies
showing a survival benefit for patients taking aspirin, suggesting that this benefit can
hardly be from dying of CRC.%26:60

Cancer specific mortality may be less likely when subjects are at risk of dying from
another cause first, in this case cardiovascular disease.® Additionally, if patients have
very serious cardiovascular disease they are likely to die before they are able to develop a
malignancy.® On the contrary, patients with cardiovascular disease also experience more
risk to die from colorectal cancer itself because of overall worse condition.®

The risk profile and unfavourable prognosis in patients with CVD is more emphasized
in older patients. Colorectal cancer is associated with an increased comorbidity burden in
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older patients when compared to the general population of elderly, severe comorbidity

is subsequently associated with an increased overall mortality, HR 1.41 (95% CI 1.14-
1.73).5" Older patients have an average of three comorbidities in addition to cancer.5?

The proportion of patients with comorbidities increases with age; in an unselected
cancer population in the Netherlands, 53% of patients aged 60-74 years have at least one
comorbidity, up to 63% for patients 75 years and older with CVD being the most common
comorbidity.®Treatment of cancer patients with comorbidity tends to be different compared
to patients with no comorbidity. Patients with comorbidity are less likely to receive
surgery, chemotherapy and radiotherapy compared to patients without comorbidity.5®

The underlying reason for the apparent under treatment is not clear from literature, but
greater toxicity risk, poorer clinical quality, patient preferences, or poor adherence have
been suggested as optional causes.®® Lastly, older patients and patients with comorbidity
seem to receive less adjuvant chemotherapy which, at baseline, also worsens their
prognosis.®* Additional to the increased risk of (cancer specific) mortality and reduced
likelihood to receive treatment in patients with cardiovascular disease, complications of
cancer treatment form an extra risk. Risk factors for CVD also predict cardiotoxicity from
cancer therapy, e.g. for patients treated with trastuzumab, and this can consequently cause
reduced treatment adherence leading to an additional worse survival.’*

Current evidence from Randomised Controlled Trials

Rothwell et al. published a series of meta-analyses assessing the effect of aspirin
from individual patient data from RCT's, originally designed for primary or secondary
prevention of vascular events.*606566 Additional data were collected with information on
cancer incidence, cancer metastasis and cancer specific death for these meta-analyses.

The first meta-analysis (n=14,033) in 2010 showed a 40-50% reduction in 20-year risk
of death due to CRC in patients using low-dose aspirin.®The effect of aspirin on cancer-
specific mortality increased with treatment duration, with the largest effect observed
in patients with gastrointestinal tumours, more specific in CRC.*® In several subgroups
an even greater mortality reduction was found, such as patients with a tumour of the
proximal colon and in patients taking aspirin in low dose.®%%

Despite the fact that the effect on cancer death was greater after additional years of
follow-up, there was also a reduction in mortality in some cancer types already after 2-3
years since randomisation. This appeared to be too fast to effect carcinogenesis or early
cancer growth and therefore the risk of metastasis was assessed in a next study.5® In
this study, the risk of metastasis in patients diagnosed with CRC appeared to be lower
when patients took aspirin (HR 0.26 (95% CI 0.11-0.57). The reduced risk of death in
patients with CRC was greatest in patients without metastasis at diagnosis, compared to
patients with metastasis at diagnosis.®® Additionally, it was observed that patients who
continued aspirin after diagnosis of (localized) cancer have a lower chance of developing
metastasis.®® The authors concluded that the early effects on cancer death can probably be
contributed to reductions in cancer metastasis.%

The United States Preventive Services Task Force (USPSTF) has carried out a meta-
analysis of the RCT's for primary cardiovascular prevention, analysing the effect on

(colorectal) cancer outcomes. The study found a RR of 0.67 (95%CI 0.52-0.86) on CRC
cancer death for patients using long-term aspirin.®’

One additional study with randomised data is the Women's Health Study. This study
randomised between alternate-day use of aspirin 100 mg versus placebo in healthy women,
with a median treatment duration of 9 years. When the trial period was finished, post-trial
aspirin use was additionally registered by means of annual questionnaires. After a follow-up
of 12 years, a difference was found in the number of patients diagnosed with a metastatic
adenocarcinoma (in favour of patients taking aspirin) but only in the group of patients who
took additional aspirin in the period after the randomised treatment was finished. This effect
could have been also the result of immortal time bias. No difference in cancer death was
observed.® In the Women'’s Health Study no reduction in incidence of major CVD or CVD
death was observed, correlating with the results of the study of Rothwell et a/.¢¢®

The studies of Rothwell and his colleagues have made a valuable contribution in
addition to the field of observational studies. What might have influenced the results
of the above described observational studies, is confounding by indication, and this is
largely avoided with the design of these meta-analyses. Some limitations remain, since
most patients in the studies that were included in the meta-analysis (even in the primary
prevention trials) have at least some risk factors for CVD and these risk factors overlap
with the risk factors for cancer.5*The trials were not designed to assess cancer outcomes,
and it could be possible that not all death causes were recorded thoroughly, compared to
when this was planned prior to the study, and the registration of cancer specific details
may be less accurate. Time from randomisation in the original trials was analysed until
date of death, which is different fromm most observational studies, where time from
diagnosis until date of death was analysed. This complicates the comparison between
the observational studies and the RCT's, because it is unknown if the actual time from
diagnosis to death in the RCT's is also improved for patients using aspirin.

One last study of the group of Rothwell et al analysed if the post-hoc analysis of
the cardiovascular prevention trials were comparable to observational studies. This
study showed that the effects found in observational studies with a rigour definition of
exposure are consistent with the results in RCT’s. Sensitivity was particularly dependent
on the appropriate and detailed recording and analysis of the use of aspirin.®

Despite the fact that the research group of Rothwell et al. concluded that the results of
the observational studies are comparable with the results of the post-hoc results of the
RCT's, several important biases could have influenced the results of the observational
studies. By raising the awareness about these biases, the interpretation of the current
evidence may improve.

RCT’s of aspirin and CRC

In the field of CRC, there have been two RCT's specifically designed to assess the
effect of aspirin on cancer outcome which have been already completed.

The first RCT, performed in 1982, assessed the effect of aspirin in patients with CRC,
although with a very small number of patients (n=66) and the treatment period was only
two years.”°The results did not show a significant difference between patients taking
aspirin and placebo.
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The CAPP2 trial assessed the effectivity of 600 mg aspirin on cancer incidence
in patients with Lynch syndrome and showed a significant reduction in time to first
colorectal cancer. A significant association was observed only in patients who had taken
the intervention for more than two years analysed in the per-protocol analysis, HR 0.41
(0.18-0.78). At present, the CAPP3 trial is ongoing to assess the most optimal dosage of
aspirin as chemoprevention for patients diagnosed with Lynch syndrome. Rates of death
were similar in any-dose aspirin versus the placebo groups.”

Currently, several RCT'’s are ongoing, designed to study the effect of adjuvant aspirin
treatment on (cancer) survival in patients with colorectal cancer. An overview of these
studies is provided in table 1.Two trials recruit only patients with a phosphatidylinositol
3-kinase (PIK3CA) mutation and randomise between aspirin and placebo, ALASCCA in
Sweden (NCT02647099) and the SAKK 41/13 trial in Switzerland (NCT02467582)). These
trials have been designed mainly based on the results of the study of Liao et al. where
a hazard ratio of 0.18 (95% CI 0.06-0.61) was found in patients with a PIK3CA mutation.™
After this first publication several other studies have been published on this topic,
suggesting a relation between the effect of aspirin and a PIK3CA mutation on cancer
survival.81572

All trials are united in the AspirinTrialist Collaborative Group and have plans for
elaborative meta-analysis once all trials have been published individually. This will
provide answers for urgent questions regarding dose, tumour location, treatment
duration and racial differences.”®

Future perspectives

Future observational studies should focus on proper methodology. Therefore we plead
for (pharmaco)-epidemiologists to always be involved in studies analysing population
based prescription data. Futhermore, an evolving and promising topic is Molecular
Pathological Epidemiology (MPE).” MPE is an integrative transdisciplinary science.
Because molecular pathology tests are increasingly becoming routine clinical practice,
pathology tests may be utilized in population-based studies. Therefore this could provide
a solid base for future studies, and MPE should be used to expand current knowledge on
the aetiology of the effect of aspirin.

Discussion

With this review we point out that the results of the current studies are promising,
especially considering the results of the observational studies complemented with the
results of the randomised data of Rothwell et al. and the USPSTF meta-analysis.

The hypothesis that death from multiple causes is prevented in a population with
high-risk of several causes of death, combined with the more favourable mortality
estimates that tend to be found by routinely collected health data compared to RCT's,
indicate that the effect that the results from the ongoing randomised trials shall be
lower than the results of the observational studies so far.”® As described in this review,
the risk of (cancer) mortality in patients with cardiovascular disease is higher than in
patients without cardiovascular disease.® This implies that the potential benefit from

aspirin in the overall cancer population will also be lower.”*The combination of the
increased risk of (cancer-specific) death and the demonstration of the more marked
effect of aspirin in older patients, suggests that the observed survival benefit of cancer
patients taking aspirin is because multiple death causes are prevented. Aspirin has also
been shown to be associated with a reduced cancer risk in patients with Lynch syndrome
and it has been suggested that patients at highest risk of CRC are most likely to gain
from chemoprevention.>’®This has also been observed by the United Stated Preventive
Services Task Force (USPSTF); the higher the risk for CRC, the higher the mortality
benefit.®” Because of this expectation, the ongoing Aspirin trial is powered conservatively
(HR of 0.75), allowing to still detect a significant difference between the group of patients
using aspirin versus patients randomised to a placebo.

Some clinicians in current practice plead already for the regular use of aspirin based
on the results of the current studies. However, with this review we aimed to demonstrate
that with the many caveats left, this is a bridge too far. In the past decade there has been
many media attention for aspirin as possible anti-cancer therapy. Patients and clinicians
lean towards settling for the current evidence. Recruitment of the current RCT's is lacking
behind since some patients find the evidence too convincing and use aspirin regardless of
the RCT’s. The meta-analysis of Elwood et al endorses this statement.” Despite the current
existing limitations, the present evidence is promising, since multiple meta-analysis and
pre-clinical studies show an effect of aspirin on cancer.”3%7

The results of the ongoing randomised trials will determine the effect of aspirin on
survival in cancer patients. Before these trials have been finished, studies should focus on
the working mechanism of aspirin in relation to cancer.

Conclusion

Current observational studies assessing the association between the use of aspirin
and survival show mutually comparable results, but could have been subject to multiple
forms of bias.41The present, abundant number of observational studies and pooled trial
data from the RCT'’s of Rothwell et al. combined with the numerous and promising pre-
clinical studies make it highly likely that the ongoing RCT’s will result in a survival benefit
for colorectal cancer patients.
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Major advances have been made in the treatment of cancer patients over the past
decades. Improvements in quality and efficiency in surgery, enhanced postoperative
care and availability and improvement in radiotherapy and systemic treatments have
contributed to this. Despite these developments, cancer mortality is still high. In 2014 in
the United States, 25% of all cancer mortality was due to cancers of the gastrointestinal
tract, and this number was 30% in the Netherlands.'?

In 1970, aspirin was suggested to affect cancer outcome for the first time,
and ever since, many studies have been published on this subject.®* Initially, the
working mechanism of aspirin was thought to be mediated through the inhibition
of cyclooxygenase-2 (COX-2, also called PTGS-2) on tumour tissue. One of the first
biomarker studies showed that the survival benefit was only observed in patients with
COX-2 expressing tumours.5 However, only high-dose aspirin (>2,000 milligram daily)
would be sufficient to achieve systemic concentrations to inhibit both COX-1 and COX-2.5
Hence it was agreed that another working mechanism must be effective.

Aspirin is unique in the group of Non-Steroidal Anti-Inflammatory Drugs (NSAID’s)
because aspirin irreversibly inhibits the COX isozymes through selective acetylation and
NSAID’s block the COX-channel in a different manner. Thrombocytes are particularly
susceptible to the effects of, even low-dose, aspirin. Mature thrombocytes do not have
a nucleus and only contain COX-1. Therefore, thrombocytes with an acetylated COX-
channel are not capable of producing new COX-1 enzymes and remain inactivated until
new thrombocytes are produced.cThe effect of low-dose aspirin on cancer was therefore
hypothesized to be mediated through the antiplatelet effect, the same mechanism that is
responsible for its cardioprotective effect.®

The role of aspirin in cancer incidence and mortality has been granted top priority in
a list of provocative questions in cancer epidemiology by the National Cancer Institute.7
Previous studies have mainly focussed on colorectal cancer, probably because this is the
most common type of cancer of the gastrointestinal tract. Indeed, in the Netherlands, 64%
of the incidence of all gastrointestinal cancers is colorectal cancer.?

Because a relatively low number of studies have focussed on other tumor types, this
thesis started in chapter two with a study that evaluated the association between the
use of aspirin in patients with oesophageal cancer, the second-most common cancer
type (10%) of the gastrointestinal tract.2 Data from patients from the Eindhoven Cancer
Registry were linked to the drug dispensing database of PHARMO. Patients were selected
and analysed according to use of aspirin and NSAID’s before or after diagnosis. This
study demonstrated in 560 patients that the use of aspirin was associated with improved
survival in patients with oesophageal cancer with a hazard ratio (HR) of 0.42 (95% CI 0.30-
0.57).

In the next study in chapter three, this cohort was extended to all patients with cancer
of the gastrointestinal tract. The goal of this study was to evaluate whether the association
between aspirin use and overall survival was tumor specific or a more generalised
effect, present in all tumor types. Almost 14,000 patients were analysed. An association
between the use of low-dose aspirin after diagnosis and improved survival in patients
with different types of cancer of the gastrointestinal tract, adjusted HR 0.52 (95% CI 0.44-
0.63) was found. After five years, 65% of patients using aspirin was alive versus 45% in

Figure 1: Survival comparison for aspirin users versus non-users with Simon Makuch method 123
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the group of patients that did not use aspirin (figure 1). Stratified according to tumour

type, the association was significant in patients with oesophageal, hepatobilliary, and

colorectal cancer (figure 2). This study strengthened our hypothesis that the association

between aspirin and cancer survival might be a generalized effect, mediated through

thrombocytes.

Could it be that other regularly used medication is associated with a survival benefit

in patients with cancer? Several previous publications showed a survival benefit for the

use of metformin in patients with pancreatic cancer.8°These studies had however several

Figure 2: Overall survival analysis for aspirin users vs nonusers stratified according to tumour type
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Figure 3: Kaplan—Meier estimation of survival curves in patients with pancreatic cancer grouped according to
medication use
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methodological limitations and the survival results may partially have been the result of
immortal time bias.™ In addition, selection bias may have been an issue, as these studies
of metformin had only been done in patients with diabetes mellitus type Il. Chapter four
describes how, as a next step, we decided to analyse the association between the use

of metformin after diagnosis and survival in patients with pancreatic cancer. This study
was done with data from IKNL and PHARMO with the appropriate methodology and
careful description of possible causes of bias. Patients using metformin, sulfonylurea
derivatives, and nonusers with pancreatic cancer were compared and the association

of medication with overall survival was analysed. No significant difference between
survival of patients with pancreatic cancer using metformin and nonusers of metformin
was observed. Additionally, the group of patients that used sulfonylurea derivatives

and metformin did also not show a difference in survival (figure 3). During this study,
two randomised controlled trials were published and also could not prove an effect of
metformin in patients with pancreatic cancer.”? It could therefore be possible that the
effect of metformin in previous studies was therefore the result of improper methodology
and therefore an overestimation of the effect of metformin on survival.

Many studies have focused on biomarker expression in colorectal cancer, to examine
if this could provide clues about the mechanism of action of aspirin on cancer. The most
frequent studied biomarker so far is PIK3CA (phosphatidylinositol-4,5-bisphosphonate
3-kinase), since Liao et al. observed a survival benefit in patients with a PIK3CA mutated

tumor in 2012."™ However, since this first encouraging result, studies where not all
straightforward, and a recent meta-analysis did not show a differentiating effect of
aspirin use and PIK3CA mutations.™ Other suggested biomarkers have been COX-2,
HLA (Human Leukocyte Antigen) class |, and several specific genetic profiles, but with
conflicting results.>'%'¢ In chapter five of this thesis, we studied if the effect of aspirin
could be mediated through the mitogen activated protein kinase (MAPK) pathway.The
influence of BRAF and KRAS mutation status in patients using aspirin with colorectal
cancer was assessed. Mutated BRAF and KRAS have been shown to influence MAPK
signalling, resulting in up regulation of PTGS2."7 The results of this study could not prove
a distinctive effect of these mutations in the association between the use of aspirin and
survival (figure 4). This study again strengthened our hypothesis that the effect of aspirin
is not mediated through specific tumour biomarkers, but is a generalised effect, mediated
through thrombocytes.

The option that the effect of aspirin on cancer is mediated through thrombocytes
has been suggested a few years ago, but no study so far has actually proven this
mechanism. It has been proposed that circulating tumor cells in the blood stream are
physiologically surrounded by thrombocytes, that guard the circulating tumor cells from
detection by the immune system. It has been hypothesised that aspirin, a thrombocyte

Figure 4: Overall survival analysis for patients using aspirin versus patients not using aspirin, grouped according to
mutation status
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aggregation inhibitor, causes this cloak to fall apart thereby exposing the circulating
tumor cells to components of the immune system that initiate an immune response with
subsequent prevention of metastasis.'®?' According to this hypothesis, a survival benefit
in patients using other thrombocyte aggregation inhibitors should also be observed.
However, until the study reported in chapter six, this was never addressed before.

We studied the association between survival and different thrombocyte aggregation
inhibitors. In addition to aspirin, mainly clopidogrel and dipyridamole were studied. In
the Netherlands, aspirin is the first choice thrombocyte aggregation inhibitor in patients
with cardiovascular disease.?? We compared patients using solely aspirin, versus patients
using aspirin in combination with another thrombocyte aggregation inhibitor. No
additional survival benefit was observed in the group of patients using two thrombocyte
aggregation inhibitors. There are two possible explanations for these results. Either

the effect of aspirin was sufficient for all thrombocytes lose function, and therefore,

no additional survival benefit was observed from additional thrombocyte aggregation
inhibitors. Alternatively, the effect of aspirin on cancer metastasis is unique, and not
related to general inhibition of thrombocyte aggregation.

In the analysis of the observational studies in this thesis, we have carefully described
the important methodological limitations that may complicate the interpretation of this
type of data. Some doctors and patients tend to settle for the current epidemiological
evidence for the anticancer effect of aspirin but treatment and effect conclusions from
observational studies may be seriously flawed due to confounding by indication. It
is therefore unavoidable to wait for the results of the randomised controlled trials to
consider aspirin as regular treatment for cancer. In chapter seven we have tried to sum
the current evidence and provide some perspective on the subject of bias in the current
observational evidence.

CHAPTER 9

GENERAL DISCUSSION AND HUTURE PERSPECTIVES
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Currently, several randomised controlled trials are ongoing in the field of aspirin and
cancer. Until the results of these trials are available, aspirin should not be implemented
as adjuvant therapy, as has been shown by this thesis. The studies in this thesis led to the
hypothesize that aspirin might have a general effect on cancer, possibly mediated through
thrombocytes. Because of the difficulties interpreting cohort studies, results from the
randomised controlled trials, combined with results from pre-clinical studies, should be
awaited in order to provide clarity on the anti-cancer effect of aspirin and the mechanism.

Future research in this field requires international collaboration in order to assemble
sufficient numbers of patients to adequately address the important research questions in
less common tumor types.

One of the limitations of some of the studies in this thesis was a low number of
patients in several subgroups. One of the reasons that aspirin has been found to be
beneficial in colorectal cancer, is because this is the most prevalent gastrointestinal
malignancy, with a sufficiently largestudy population. For the less frequent cancer in
other parts of the gastrointestinal organs, it will be more difficult to obtain evidence.

In the near future, the cohort of PHARMO and IKNL will expand to a national coverage
of the linking of these databases. With this improvement it will be possible, for example, to
study the cohort of patients with all gastrointestinal tumours nationwide (chapter three),
and in that manner it will be possible to analyse the current biomarkers of these tumours.
This would be a huge step towards unravelling the working mechanism of aspirin.

The Colorectal Subtyping Consortium (CRCSC) was established to explore four core
subtype patterns of colorectal cancer based on gene expression and to characterise key
biological features of these subtypes.? With these prognostic subtypes, a new taxonomy
of colorectal cancer was created called Consensus Molecular Subtypes (CMS): CMS1 (MSI
immune), CMS2 (canonical), CMS3 (metabolic), and CMS4 (mesenchymal). The current
improvements in the subtyping of colorectal cancer should also be adapted by the current
research field, abandoning the single biomarker studies. Studying the effectivity of aspirin
patients with in these different colorectal cancer subtypes needs further investigation.

With upcoming health care registrations, both national and international, this will
hopefully stimulate more joint efforts towards combining datasets, and a low number of
patients will not have to be a limitation in the future. One major remark should be placed
with this, because with the upcoming large databases, hypothesis for research questions
should be chosen upfront and not all study designs are suitable for every research
question.

In 2015, the AspirinTrialist Collaborative Group (ATCG) was founded, a collaboration
between the current ongoing aspirin trials.**This collaboration already started before the
trials have finished. In this way we were able to match aspects of the study designs and
we were able to pool and compare the trials in the most optimal fashion. All principal
investigators of the current trials assessing the effect of aspirin and cancer survival are
united in this group and help each other with obstacles in the execution of the individual
trials.

Another obstacle for investigator-initiated studies is the limited interest in studies
where drugs are repurposed for new indications. This limited interest results in many
missed, cheap opportunities for improvements of cancer care.

Aspirin has been free of patent since 1917. When prescribed and obtained through
a pharmacy, the daily costs for an 80 mg tablet are only 3 cents.?® Adding the costs for
pharmacy issuing, the costs of five-year aspirin treatment are about €115 per patient.
Each year, 3500 colon cancer patients will be eligible for aspirin treatment (i.e. non-
metastasized patients who do not already use aspirin at diagnosis). Thus, the annual
costs in the Netherlands for treating these patients with aspirin would be €400.000.
Among the eligible patients, 5-year mortality is currently about 21%.2 Assuming a 25%
mortality reduction (this is the hazard ratio for which the Aspirin trial has been powered),
the total prevented mortality after five years would be about 147 patients per year. Cost-
effectiveness is therefore preliminarily estimated at only €2100 per averted death.

Current options to fund research are: pharmaceutical companies, government,
and public funding.?® Pharmaceutical companies are however not interested in aspirin
because the patent has already expired after World War |, and therefore no high profits
can be expected.?” Government funding unfortunately has to deal with the interests of
the individual researchers, and aspirin as anti-cancer drug may not be as attractive as
novel targeted therapy. Nobody is going to win the Nobel Prize with aspirin anymore.
Lastly, although the investigator initiated trials are relatively cheap, public funding is
hindered as well. Budgets are static or shrinking and if aspirin proves to be an effective
and cost-saving drug, the other studies aiming for new personalized targeted therapies
may be cut-off.?6 Despite these hurdles, it is of high importance that funding becomes
available for these type of investigator driven studies. Projects that aim to set the agenda
for these type of studies should be greatly supported. It is time to face the common
goal in research: improving worldwide sustainable cancer care, and collaboration is an
unavoidable aspect in this journey.
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De afgelopen decennia is er veel progressie geboekt in de zorg voor patiénten met
kanker aan het maagdarmstelsel. De kwaliteit en effectiviteit van chirurgie hebben hieraan
bijgedragen, zoals de introductie van laparoscopie en het ERAS protocol (Early Recovery
After Surgery). Een toegenomen beschikbaarheid en verbeteringen in (neo-) adjuvante
(radio) therapie heeft hier tevens een grote rol in gespeeld. Ondanks deze verbeteringen
is de mortaliteit ten gevolge van kanker van het maagdarmstelsel nog steeds hoog. In
2014 in de Verenigde staten was 25% van alle mortaliteit aan kanker het gevolg van kanker
aan het maagdarmstelsel en in Nederland was dit 30%."?2

In 1970 werd voor het eerst gesuggereerd dat aspirine, oorspronkelijk gemaakt van
de bast van een wilg, een gunstige invloed op de uitkomsten van patiénten met kanker
zou kunnen hebben.?* Sindsdien zijn er vele wetenschappelijke publicaties op dit gebied
verschenen. In eerste instantie werd gedacht dat het werkingsmechanisme van aspirine
berustte op de inhibitie van expressie van cyclooxygenase-2 (COX-2, ook wel PTGS-
2 genoemd) in tumorweefsel. Een van de eerste studies op het gebied van biomarker
expressie en aspirine liet zien dat het effect van aspirine op de overleving van patiénten
alleen werd gevonden in tumoren die COX-2 tot expressie brengen.® Echter, een recentere
publicatie liet zien dat COX-1 en COX-2 inhibitie pas afdoende zou zijn bij een dosering
van meer dan 2000 milligram per dag.®

Aspirine is een uniek middel in de groep geneesmiddelen die NSAID’s worden
genoemd, de zogenaamde: ‘Non-Steroidal Anti-Inflammatory Drugs’. Aspirine bezit
de unieke eigenschap dat het de COX isozymen op een niet-reversibele manier
kan acetyleren. Andere NSAID’s blokkeren het COX-kanaal op een andere manier.®
Trombocyten zijn bij uitstek gevoelig voor het effect van aspirine, met name in lage
dosering. Dit komt doordat trombocyten geen celkern bezitten en daardoor alleen COX-1
tot expressie brengen. Hierdoor zijn bloedplaatjes met een ge-acetyleerd COX-kanaal
niet in staat om nieuwe COX-1 enzymen te produceren. De bloedplaatjes blijven daardoor
inactief totdat er weer nieuwe worden geproduceerd door het beenmerg. Om deze
reden wordt gedacht dat het gunstige effect van aspirine op kanker afkomstig is van de
trombocytenaggregatieremming. Ditzelfde werkingsmechanisme is ook verantwoordelijk
is voor de effect van aspirine op patiénten met cardiovasculaire aandoeningen.®

De invloed van aspirine op de behandeling van patiénten met kanker is benoemd
als vraagstuk met de hoogste prioriteit door het National Cancer Institute.”
Eerdere publicaties hebben zich met name gericht op patiénten met colorectaal
carcinoom, hoogstwaarschijnlijk omdat dit de meest voorkomende tumorsoort in het
maagdarmstelsel is. In Nederland is 64% van alle tumoren aan het maagdarmstelsel
afkomstig van het colon en het rectum.2Vanwege de beperkte beschikbaarheid van
studies op het gebied van andere tumoren aan het maagdarmstelsel heeft hoofdstuk
twee van dit proefschrift zich gericht op de invloed van aspirine (en andere NSAID’s)
op de overleving van patiénten met een oesofagus carcinoom. Het oesofagus

carcinoom is na het colorectaal carcinoom de op een-na meest voorkomende
tumorsoort in het maagddarmstelsel. 10% van de gastro-intestinale maligniteiten is

een oesofaguscarcinoom.? In deze studie werden data van het Integraal Kankercentrum
Nederland (IKNL) regio Zuid, gekoppeld aan data van het PHARMO instituut, betreffende
uitgegeven recepten door de apotheek aan deze patiénten. Patiénten die aspirine en/of
andere NSAID’s gebruikten gedurende de periode nadat zij waren gediagnosticeerd met
kanker werden door middel van deze koppeling geidentificeerd. 560 patiénten werden
geanalyseerd in deze studie en er werd geobserveerd dat aspirine gebruik geassocieerd
was met een significante invloed op de overleving van patiénten met een oesofagus
carcinoom, hazard ratio (HR) van 0.42 (95% betrouwbaarheidsinterval (b.i.) 0.30-0.57).

In hoofdstuk drie werd het cohort uitgebreid naar patiénten met alle verschillende
soorten gastro-intestinale maligniteiten. Het doel van deze studie was om te kijken of
de associatie tussen aspirine gebruik en een gunstigere overleving ook te zien was voor
alle verschillende tumorsoorten van het gastro-intestinale stelsel. In deze studie werden
bijna 14.000 patiénten geanalyseerd. Er werd een associatie gevonden tussen het gebruik
van lage dosis aspirine (80-100 milligram) na de diagnose kanker aan verschillende
delen van het gastro-intestinale systeem en een betere overleving voor deze patiénten.
De gecorrigeerde HR hiervoor was 0.52 (95% b.i. 0.44-0.63). Na vijf jaar was 65% van de
patiénten die aspirine gebruikten nog in leven terwijl dit ten 45% was voor de groep die
geen aspirine gebruik (figuur 1). Wanneer er per individuele tumor gekeken werd, werd
een significante associatie met betere overleving gevonden in patiénten met oesofagus
tumoren, hepatobiliaire tumoren en colorectale tumoren (figuur 2). Dit sterkte ons in
de hypothese dat de associatie tussen aspirine gebruik en de geobserveerde betere
overleving zou kunnen berusten op een meer gegeneraliseerd effect, afkomstig van de
werking van aspirine als trombocytenaggregatieremmer.

Figuur 1: De overleving van aspirinegebruikers vergeleken met niet-gebruikers.
Vergelijking volgens de Simon-Makuch methade.
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Figuur 2: Analyse van de overleving van aspirinegebruikers versus niet gebruikers, uitgesplitst per type tumor.
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Zou het mogelijk kunnen zijn dat meer veelgebruikte medicijnen een
overlevingsvoordeel laten zien bij patiénten met kanker? Verschillende eerdere publicaties
hebben laten zien dat patiénten met een pancreastumor die metformine gebruiken,
een overlevingsvoordeel hebben ten opzichte van patiénten die geen metformine
gebruiken.®® De eerdere studies hebben helaas niet altijd de juiste methodologie
gebruikt en daardoor zou het kunnen dat het geobserveerde overlevingsvoordeel berust
op immortal time bias.” Daarnaast kan selectiebias een rol hebben gespeeld omdat
de eerdere studies met name zijn uitgevoerd in patiénten die diabetes mellitus type
Il hebben. Hoofdstuk vier beschrijft daarom, als volgende stap, de associatie tussen
uitkomsten van patiénten met een pancreascarcinoom en het gebruik van metformine.
Dit werd gedaan met dezelfde dataset als boven beschreven, maar in deze studie werden
patiénten die metformine en/of sulfonylureum derivaten gebruikten geselecteerd.
Patiénten die metformine gebruikten, patiénten die sulfonylureum derivaten gebruikten
en niet-gebruikers werden geanalyseerd en de relatie met hun overleving werd bekeken
met de juiste methodologie, met een zorgvuldige beschrijving van de mogelijke
vormen van bias die hiermee gepaard gaan. In deze studie bleek er geen significant
overlevingsvoordeel te zijn voor patiénten die metformine slikten, niet ten opzichte
van niet-gebruikers, maar ook niet ten opzichte van de sulfonylureum derivativen
gebruikers (figuur 3).Tijdens het uitvoeren van deze studie zijn er in de tussentijd twee
gerandomiseerd trials gepubliceerd die lieten zien dat metformine niet van invloed is op
de uitkomsten van patiénten met kanker."'2 De resultaten van de eerdere studies zouden
daardoor het gevolg kunnen zijn van bias, waardoor het effect van metformine op de
uitkomsten van de patiénten in die studies is overschat.

Vele eerdere studies in het verleden hebben gekeken naar het expressiepatroon
van verschillende biomarkers in het colorectaal carcinoom en een relatie met aspirine

Figuur 3: Kaplan-Meier curve voor de overleving van patiénten die metformine gebruiken, patienten die
sulfonylureum derivaten gebruiken en niet-gebruikers.
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gebruik. Het doel van deze studies was om meer inzicht te krijgen in het anti-tumor
mechanisme van aspirine. De biomarker die het meest bestudeerd is, is PIK3CA
(phosphatidylinositol-4,5-bisphosphonate 3-kinase). In 2012 werd in een eerste publicatie
van Liao et al gevonden dat patiénten, die aspirine gebruiken en een PIK3CA mutatie in
hun tumorweefsel hebben, een langere overleving hebben.™ Studies die sindsdien zijn
gepubliceerd op dit gebied hebben echter geen eenduidig resultaat laten zien. De meest
recente meta-analyse kon niet aantonen dat het al dan niet hebben van een mutatie in een
van de genen van de PIK3CA pathway een relatie heeft met het effect van aspirine op de
overleving in patiénten met colorectaal carcinoom.™ Andere biomarkers die de afgelopen
jaren genoemd zijn als mogelijke verklaring voor de relatie tussen aspirinegebruik en de
uitkomsten van patiénten met kanker zijn COX-2, HLA (Human Leukocyte Antigen) class |
en verschillende specifieke genetische profielen.>'®'® In hoofdstuk vijf van dit proefschrift
werd onderzocht of de associatie van aspirine met een gunstige overleving mogelijk een
relatie heeft met veranderingen in de Mitogen Activated Protein Kinase (MAPK) pathway.
De invloed van het al dan niet hebben van een mutatie in een van de genen in BRAF en
KRAS (beiden onderdeel van de MAPK pathway) en de relatie met de uitkomsten van
patiénten die aspirine slikken met een coloncarcinoom werd daarom onderzocht. Mutaties
in BRAF en KRAS zijn van invloed op de MAPK signalering in cellen, wat over-expressie
van COX-2 als gevolg heeft.”” De resultaten van deze studie konden geen onderscheidend
effect aantonen van het hebben van een BRAF of KRAS mutatie in de relatie tussen
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Figuur 4: Analyse van de overleving van patiénten met een caloncarcinoom die wel of geen aspirine gebruiken,
uitgesplitst per mutatietype.
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aspirine gebruik en gunstige overleving in patiénten met een coloncarcinoom (figuur 4).
Deze studie heeft ons opnieuw gesterkt in de hypothese dat het effect van aspirine niet
gemedieerd is via specifieke biomarkers, maar dat er meer gedacht moet worden in de
richting van een gegeneraliseerd, systemisch effect.

Tot nu wordt trombocytenaggregatie genoemd als de verklaring voor het
gunstige effect van aspirine op de uitkomsten van patiénten met kanker. Dit wordt
in verschillende publicaties gesuggereerd, maar is nooit aangetoond. Trombocyten
vormen een fysiologische beschermende schil rondom circulerende tumorcellen in
de bloedbaan. Hierdoor worden de tumorcellen door het immuunsysteem minder
makkelijk herkend en kunnen ze zich nestelen in andere organen (metastasen).®
Door aspirine, een trombocytenaggregatieremmer, valt de beschermende schil van
trombocyten rondom deze circulerende tumorcellen weg en kan de tumorcel door het
immuunsysteem worden opgeruimd. Hierdoor worden metastasen voorkomen en
hebben patiénten met kanker betere overlevingskansen.'®'®2' \/olgens deze hypothese
zou er bij patiénten die andere medicijnen gebruiken die de trombocytenaggregatie
remmen ook een overlevingsvoordeel geobserveerd moeten worden. Daarom hebben
we in hoofdstuk zes het effect van verschillende trombocytenaggregatieremmers (naast

aspirine met name clopidogrel en dipyridamol) onderzocht. In Nederland wordt aspirine
als eerste keus trombocytenaggregatieremmer voorgeschreven aan patiénten met
cardiovasculaire aandoeningen.?? Clopidogrel en dipyridamol worden daardoor alleen
in aanvulling op behandeling met aspirine voorgeschreven. Als gevolg hiervan kon in
deze studie alleen het additionele effect van de andere trombocytenaggregatieremmers
bestudeerd worden naast aspirinebehandeling in patiénten met kanker. Er werd geen
extra overlevingsvoordeel gezien bij de patiénten met kanker die naast aspirine ook

een andere trombocytenaggregatieremmer gebruikten. Voor deze uitkomst hebben

we twee mogelijke verklaringen. Enerzijds, zou het zo kunnen zijn dat het effect van
aspirine alleen afdoende was voor de trombocyten om geen resterende functie meer

te hebben. Hierdoor werd geen extra overlevingsvoordeel gezien bij patiénten die een
additionele trombocytenaggregatieremmer gebruiken. Anderzijds zou het zo kunnen zijn
dat de interactie tussen aspirine, trombocyten en kankercellen uniek is. Verschillende
mechanismen zijn verantwoordelijk voor de trombocytenaggregatieremming in de
geanalyseerde medicijnen. Hierdoor is het mogelijk dat deze middelen geen invloed
hebben op de uitkomsten van patiénten met het colorectaal carcinoom.

Tijdens het schrijven van dit proefschrift hebben we ons terdege gerealiseerd dat er
vele beperkingen zijn in het huidige observationele bewijs. Na bestudering van de huidige
literatuur zijn wij tot de conclusie gekomen dat deze beperkingen nooit duidelijk in kaart
zijn gebracht, met name het aspect van ‘confounding by indication’. In hoofdstuk zeven
zijn wij daarom ingegaan op de vormen van bias waarvoor gewaakt dient te worden in
de huidige observationele studies. Tevens hebben we getracht handvaten te bieden voor
de interpretatie en omvang waarmee deze vormen van bias het huidige bewijs kunnen
hebben beinvloed. Door deze kanttekeningen is het onvermijdelijk om de resultaten van
de gerandomiseerde trials af te wachten die momenteel worden uitgevoerd, voordat
aspirine kan worden overwogen als mogelijke aanvulling op de huidige bestaande
(adjuvante) behandelingen.
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DANKWOORD

Dit proefschrift is tot stand gekomen met hulp van velen, die ik graag de eer zou willen
doen toekomen die zij verdienen.

Allereerst de patiénten die deel nemen aan de Aspirin trial. Niet alleen voor uzelf maar
ook voor de wetenschap in de toekomst is dit van onschatbare waarde.

Prof. dr. C.J.H. van de Velde, beste professor, het was een eer om deel te hebben
uitgemaakt van uw onderzoeksgroep en om van uw ervaring en inzichten op het
oncologisch gebied te mogen leren. U bent een inspiratie voor velen, uw werk zal niet
snel worden vergeten.

Dr. G.J. Liefers, beste GJ, je bent een onvermoeibare bron van ideeén, originele
invalshoeken en oplossingen en ik heb enorm veel van je geleerd.
Jouw optimisme maakt onderzoek nog leuker!

Prof. dr. J.E.A. Portielje, beste Johanneke, jouw medisch oncologische visie is in dit
proefschrift van groot belang geweest. Als Principal Investigator van de Aspirin trial vorm
je samen met Gerrit-Jan een ijzersterk team.

Dr. M.S. Reimers, beste Marlies, als jij niet met veel enthousiasme samen met Gerrit-
Jan financiering had gezocht voor de Aspirin trial was onder andere dit proefschrift er niet
geweest. Je hebt veel werk verricht dat voor mij heel waardevol is geweest.

Dr. E. Bastiaannet, beste Esther, de nauwe samenwerking en jouw epidemiologische
inzichten hebben dit proefschrift tot een succes gemaakt. Zonder dat je het misschien
doorhebt, ben je onmisbaar voor veel promovendi bij de heelkunde!

To all my other co-authors, thank you for sharing your valuable scientific experience,
insights and ideas with me.

Dear members of the AspirinTrialist Collaborative Group (ATCG), it was an honor to
be part of the foundation of the ATCG. Your joint attitude towards sharing experience and
data should be an example to all trial clinicians and the science community worldwide.

Het Datacenter Heelkunde, in het bijzonder EIma en Jeffrey, voor het faciliteren en
meedenken over de Aspirin trial. Jullie zijn de stabiele factor binnen de onderzoeksgroep
en hebben onmisbare ervaring bij de opzet van klinische studies.

Lieve collega’s van J10, wat zijn jullie een grote inspiratiebron geweest. De steun
onderling en het vele lachen hebben ervoor gezorgd dat ik deze twee jaar en acht
maanden elke dag met plezier naar mijn werk ging. Annemarie en Graziella, in de
jarenlange stroom van promovendi ben ik vast een van de velen die jullie als een soort

moederTheresa hebben begeleid, maar ik ben jullie hier heel dankbaar voor. Dank ook
voor de geincludeerde aspirine patiénten!

Lieve Xandra, je bent een grote steun geweest, veel dank voor al je hulp, ook in de
periode dat je niet officieel meer voor professor van de Velde werkte.

Babs en Eva, jullie waren fijne stagiaires, veel dank voor jullie hulp.

Heleen, je bent een mentor voor me geweest de afgelopen jaren, heel veel dank voor
al je hulp, steun en leuke momenten, je bent echt een bijzonder mens.

Al mijn nabije collega’s, Anne, Ayoub, Babs, Erik, Hein, Jorinde, Mandy, Marloes D.,
Marloes S., Nikki, Nina, Noor B, Tessa, Willemieke, en alle andere collega-promovendi
waar ik de afgelopen jaren mee heb gewerkt, dank voor alle gezelligheid, samenwerking,
borrels en skireizen, we zien elkaar later in het MDO.

Dank aan al mijn lieve collega’s in Gouda die mijn eerste tijd als ANIOS heel leuk
hebben gemaakt. |k realiseer me dat het warme bad waarin ik ben ontvangen heel
bijzonder is.

Sonja en Anne, onze gezellige verjaardagen met avondjes stappen hebben de
afgelopen jaren de nodige ontspanning gebracht.

Mijn lieve paranimfen, Yvette en Noor, dank voor het lachen en alle hulp de afgelopen
jaren

Helga, dank voor de vele uren die je hebt gestoken in de opmaak van mijn proefschrift,
het wordt zeer gewaardeerd! Zonder jou was het niet zo'n prachtig proefschrift geworden.

Lieve Dirk en Eveline, al willen jullie niet graag genoemd worden, als broer en zus
kunnen jullie niet worden gemist in dit dankwoord. Dirk, je inhoudelijke bijdrage aan het
Engels onmisbaar geweest voor dit proefschrift. Eef, dank voor je hulp bij de organisatie
rondom mijn promotie.

Papa en mama, jullie onvoorwaardelijke steun is voor mij heel belangrijk. Mama, jij
zegt altijd: ‘voor alles is een oplossing’ en dat is de afgelopen jaren wel gebleken. Papa,
samen als enige leden van de ‘medische gemeenschap’ binnen de familie, begrijp jij als
geen ander in welke wereld ik me bevind en dat maakt onze band heel bijzonder.

Lex, niet alleen ben je mijn grote motivator geweest de afgelopen jaren, maar ook
onze vele uren SPSS in de avonden hebben dit proefschrift gemaakt tot wat het nu is.
Je bent de liefste!
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