Cancer Causes & Control (2019) 30:385-393
https://doi.org/10.1007/510552-019-01149-3

ORIGINAL PAPER q

Check for
updates

Statin use after diagnosis is associated with an increased survival
in esophageal cancer patients: a Belgian population-based study

Olivia Lacroix'® - Alexandra Couttenier' - Evelien Vaes? - Chris R. Cardwell® - Harlinde De Schutter? - Annie Robert’

Received: 22 October 2018 / Accepted: 19 February 2019 / Published online: 28 February 2019
© Springer Nature Switzerland AG 2019

Abstract

Purpose Preclinical studies have shown that statins reduce proliferation in esophageal cancer. Three recent observational
studies have shown encouraging results but suffered from limitations. This work aimed to assess at the Belgian population
level whether statin usage was associated with a decreased mortality in esophageal cancer patients.

Methods We conducted an observational, population-based study by linking data of the Belgian Cancer Registry (BCR) with
medical claims data coming from health insurance companies and mortality records collected by regional governments for
patients diagnosed with esophageal cancer between 2004 and 2014. Using time-dependent Cox regression models, hazard
ratios (HRs) and 95% confidence intervals (CI) for overall and cancer-specific mortality were calculated.

Results Of 6,238 patients with stage I-III esophageal cancer, post-diagnostic use of statins was found in 1,628 (26%) patients.
Statins use after diagnosis was associated with a reduction in overall mortality (adjusted HR =0.84, 95% CI [0.77; 0.92]) and
cancer-specific mortality (adjusted HR =0.87, 95% CI [0.78; 0.97]). Similar association were also seen for pre-diagnostic
statin use in overall (adjusted HR=0.83, 95% CI [0.76-0.91]) and cancer-specific analysis (adjusted HR =0.86, 95% CI
[0.77-0.96]).

Conclusions In this large cohort of Belgian patients with esophageal cancer, statins use after diagnosis was associated with
a decreased mortality.
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Introduction

In 2015, esophageal carcinoma was the 11th most common
cancer and the 6th most common cause of cancer death
worldwide [1]. This cancer is characterized by two main
histological subtypes—i.e. esophageal adenocarcinoma and
esophageal squamous cell carcinoma—with different epi-
demiologic profiles. In Western countries, the predominant
subtype is adenocarcinoma: mostly associated with reflux,
obesity and male sex [2, 3]. In the Asian highest risk region,
called the esophageal cancer belt, the squamous cell subtype
is more prevalent, which has mainly been associated with
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tobacco and alcohol consumption [2, 4, 5].

Despite an improvement in the prognosis of this can-
cer, the 5-year relative survival remains poor (around 20%
in Belgium) [2, 6]. Therefore, any new treatment modali-
ties that would improve survival would be of significant
importance.

Statins are lipid-lowering agents used for primary and
secondary prevention of atherosclerotic cardiovascular
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diseases [7]. As cardiovascular diseases remain a leading
cause of morbidity and mortality, statins are amongst the
most widely used medications with more than 200 million
people taking these drugs [7-9].

Statins reduce low-density lipoprotein (LDL) by selec-
tively inhibiting the 3-hydroxy-3-methylglutaryl coenzyme
A (HMG-CoA) reductase, the initial enzyme involved in the
cholesterol biosynthesis. This inhibition also affects the pro-
duction of isoprenoid intermediates, which play an impor-
tant role in many physiological processes [10]. As carcino-
genesis is included in those processes, it has been assumed
that the pleiotropic effects of statins could be extended to the
field of oncology [10].

In a more specific way, several preclinical studies have
shown that statins reduce esophageal cancer cells growth
and proliferation, and increased apoptosis [11-14]. More
recently, three epidemiological studies have shown some
interesting results. The first one demonstrated a large sig-
nificant reduction in esophageal cancer-specific and overall
mortality, limited to the adenocarcinoma subtype [15]. The
second study found little evidence of a reduction in mortality
with statins use after diagnosis and showed no differences
between histologic subtypes [16]. However, important prog-
nostic factors, such as cancer stage were not considered in
these two studies. The third study showed that statin use was
associated with an increase in survival but possible reverse
causation was addressed by Authors [17].

In the present study, we aimed to investigate if statin use
after diagnosis was associated with cancer-specific and over-
all mortality of esophageal cancer at the Belgian population
level. Based on previous studies, we hypothesized that statin
use after diagnosis might be associated with a decreased
mortality for this cancer type.

Materials and methods
Study design

As described in another report, our data set resulted from
the linkage of several databases [18]. First, the cancer
cases were derived from the Belgian cancer registry’s
(BCR) database. The BCR is a population-based cancer
registry covering more than 95% of the Belgian popula-
tion since 2004. A complete description of the BCR role,
objective and data flow is available elsewhere [19]. Vital
status was provided by the crossroads bank for social
security (CBSS). Diagnostic and therapeutic procedures
stemmed from the Intermutualistic agency (IMA). Both
vital status and therapeutic procedures were linked to
the BCR database using the patient’s specific national
social security identification number (SSIN). Regional
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authorities provided causes of death data that were proba-
bilistically coupled to the BCR database.

Patients with stage I to III esophageal adenocarcinoma
or squamous cell carcinoma diagnosed between 1 Janu-
ary 2004 and 31th December 2014 were identified from
the BCR database. Patients with prior history of cancer
(except for non-melanoma skin cancer) were excluded.
Further exclusion criteria referred to individuals not resid-
ing in Belgium at the time of diagnosis, with an uncertain
date of diagnosis, with no national social security identifi-
cation number (SSIN), lost to follow-up at the date of can-
cer incidence, or missing from the medical claims (IMA)
database. In the main analysis, patients who died in the
first 6 months after their diagnosis were also excluded as
drug use during this time is unlikely to exert an effect on
cancer death.

Exposure data

In Belgium, five different types of statins are available for
clinical use: simvastatin, fluvastatin, pravastatin, rosuvas-
tatin and atorvastatin. Therefore, statin use was defined as
a prescription of any of those subtypes. Post-diagnostic
use of statins was defined as a time-varying covariate to
avoid immortal-time bias. Patients were considered non-
users before their first post-diagnostic statins prescription.
Then, they were considered exposed after a 6-months lag
period until the end of follow-up. The 6-months lag period
was used to remove prescriptions occurring prior to death
as they may reflect end of life treatment, thus avoiding
reverse causation bias.

In sensitivity analyses, pre-diagnostic use of statins was
defined as a dispense of any of the statins mentioned above
recorded from 1 month before diagnosis.

Covariates

Patient- and tumor-related covariates included gender, age
at diagnosis, comorbidities, stage, morphology (adenocar-
cinoma and squamous cells carcinoma) and cancer treat-
ments at 6 months (surgery/radiotherapy/chemotherapy).

Comorbidities in the year prior to diagnosis were
derived from claims data including in and outpatient-dis-
pensed medication, according to a previously described
methodology [18, 20].

Concomitant medications were defined as the presence
of at least one prescription given in the same time-period
than statins for the following drugs: beta-blocker, angio-
tensin-converting inhibitor (ACEi) or angiotensin receptor
blocker (ARB), metformin and insulin.
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Outcome measures

The primary outcome was overall mortality with a follow-up
until 1st July 2016. In the cancer-specific analysis, patients
were followed until 1st January 2014. Patients who died after
this date were censored. Cancer-specific deaths were defined
as those with an underlying cause of death coded with ICD-
10 C15.0-C16.9 for esophageal and gastric cancer or C26.9-
C26.8 for malignant neoplasm of overlapping lesion of the
digestive system.

Statistical analysis

The baseline characteristics of statins users and non-users
were compared using Chi square test. In post-diagnosis
analyses, we investigated overall and cancer-specific mor-
tality using Cox proportional hazard regression with time-
dependent exposure. Patients were followed from 6 months
after cancer diagnosis until death, end of follow-up or lost
to follow-up.

Dose response analyses were carried out using cumula-
tive post-diagnosis number of prescriptions or defined daily
doses (DDDs) using time-varying co-variables. In these
analyses, statin users were first classified as non-users before
the first post-diagnosis prescription, they became light users
after their first prescription and heavy users at the date when
they tread over the 12th prescription or the 365th DDD.

The main analysis was also performed to compare each
type of statins separately to statins non-users.

Subgroup analyses were conducted by histological sub-
type, sex, and cancer treatment within 6 months after diag-
nosis. In secondary analyses, we investigated the association
between pre-diagnostic statin use in the year prior to diag-
nosis without excluding those patients with <6 months of
follow-up after diagnosis. A simplified analysis using statin
prescriptions in the first 6 months after esophageal cancer
diagnosis in patients with more than 6 months of follow-up
was also conducted. This kind of analysis allows controlling
for immortal time bias without using time-varying covariates
[21]. Indeed, statin use is only assessed within the 6 months
after diagnosis in 6 months’ survivors, therefore, there is no
survival bias.

All analyses were adjusted for sex, age, year of diagnosis,
comorbidities, cancer treatment within 6 months after diag-
nosis, and cancer histology. An adjusted analysis was also
conducted with concomitant medication used (angiotensin-
converting enzyme inhibitors, angiotensin 2-receptor block-
ers, beta-blockers, insulin and metformin) as time-varying
covariate.

Sensitivity analyses regarding the length of the lag were
also conducted. First, the main analysis was reproduced
without lag (and without excluding deaths after cancer diag-
nosis) then, with a 3-months lag (excluding deaths in the

3 months after diagnosis) and finally with a 12-months lag
(excluding deaths in the first year after diagnosis).

In all analyses, censoring was conducted at 5 years after
diagnosis. All analyses were carried out with SAS Enterprise
Guide statistical release 9.3 software.

Results
Patient cohort

A total of 6,238 patients who met the inclusion criteria
were identified from the BCR database with a diagnosis
of esophageal cancer between 2004 and 2014. In cancer-
specific analyses 71 patients were excluded because they
had no cause of deaths.

A flowchart showing the number of patients included in
each analysis is provided in Fig. 1.

From the 5,234 patients included in the overall analysis,
3,015 (57.6%) died from any cause within 5 years after diag-
nosis. In cancer-specific analysis, 2,003 (78.2%) deaths were
considered due to esophageal cancer. The median follow-up
time was 2.39 years (IQR 1.22—4.85). The median time to
the first post diagnosis prescription was 43 days (Interquar-
tile range (IQR) 17-121.5).

From the 6,238 patients who met the inclusion criteria,
1,939 (31.1%) were statins users in the year prior to their
diagnosis. After diagnosis, 391 (20.1%) patients who were
previous users stopped using statins.

Patients’ characteristics by post-diagnostic statin use are
shown in Table 1. Post-diagnosis statin users were older,
diagnosed more recently, with mainly adenocarcinoma
subtype and had more associated comorbidities. They also
tended to use more concomitant medications and underwent
less surgery/chemotherapy/RT treatments for their cancer.
Similar observations were made when comparing pre-diag-
nosis statin users to non-users (not shown).

Post-diagnosis statin use

In post-diagnosis analyses, statin use was independently
associated with a significant 16% decrease in overall mor-
tality (adjusted HR =0.84; 95% CI 0.77-0.92) and a 13%
decrease in cancer-specific mortality (adjusted HR =0.87,;
95% CI1 0.78-0.97) (Table 2).

No significant dose—response associations were observed
with either the number of prescriptions or the number of
DDDs for overall mortality. In cancer-specific analysis,
despite the apparent decrease in mortality from light to
heavy users when considering DDDs, the mortality differ-
ence between those two groups did not reach a significant
level (>365 vs. <365DDDs, HR=0.93; 95% CI1 0.76-1.15).
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7,573 were excluded for at least one
reason:

Patients diagnosed with esophageal adenocarcinoma or

squamous cell carcinoma from 2004 to 2014

N= 13,811

o Stage IV or missing: n=6,422
e Multiple tumor: n=2,054
® Missing from hospital database:

A

n=218
o Incidence date=date of death:
n=22

A

o Incidence date=date of lost to
follow up: n=13

Excluded because < 6 months of
follow up

Patients who met the inclusion criteria

Overall analyses
N=6,238
Cancer specific analyses*
N=6,167

*71 missing cause of death

Overall analyses
n=1,004

A

Cancer specific analyses
n=1,092

v

Patients in post diagnosis analysis

Overall analyses
N=5,234
Cancer specific analyses
N=5,075

A4

v

Post-diagnosis statins users
Overall analyses

N=1,628 N=3,606
Cancer-specific analyses Cancer-specific analyses
N=1,572 N=3,503

Post-diagnosis statins non-users
Overall analyses

Fig. 1 Flow of study participants

Post-diagnosis use of each type of statin except rosuvas-
tatin and fluvastatin was associated with a decreased overall
and cancer-specific mortality compared to statin non-users
(Supplementary Table I).

Sensitivity and subgroup analysis

Analysis of post-diagnosis statin use gave similar results
after additional adjustment for concomitant medications
(adjusted HR for overall mortality =0.83; 95% CI 0.76-0.91
and adjusted HR for cancer-specific mortality =0.86; 95%
CI10.77-0.96).
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In addition, reassuringly, the simplified analysis of statin
use in the 6 months following diagnosis gave similar results
as the time-varying analysis for overall mortality (adjusted
HR =0.86;95% CI 0.79-0.93) and cancer-specific mortality
(adjusted HR =0.86; 95% CI 0.78-0.96).

Statins use before diagnosis was associated with a 16%
decrease in overall mortality (adjusted HR =0.84; 95% CI
0.78-0.90) and 18% decrease in cancer-specific mortality
(adjusted HR =0.82; 95% CI 0.75-0.90).

Sensitivity analyses regarding the length of the lag period
are shown in Table 3. The association between post-diag-
nosis statin use and mortality, was still observed when no
lag was used (adjusted HR for overall mortality =0.81; 95%
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Table 1 Statin use before and after esophageal cancer diagnosis, Bel-
gium, 20042014

Characteristics Statin after diagnosis (n=>5,234)*
Users Non-users p value
(n=1,628) (n=3,606)

Age (years) <0.001
Mean +SD 68+9 64+12

Age category n (%) <0.001
<60 327 (20) 1,362 (38)

60—-69 601 (37) 1,083 (30)
70-79 521 (32)  782(22)
80-89 174 (11) 362 (10)
>90 5(0) 17 (0)

Sex n (%) 0.19
Men 1,262 (78) 2.735 (76)

Year of diagnosis n (%) <0.001
<2009 522 (32) 1,540 (43)
>2009 1,106 (68) 2,066 (57)

Grade of differentiation n (%) 0.10
Poorly 528 (32) 1,200 (33)
Moderately 581 (36) 1,352 (38)

Well 251 (15) 467 (13)
Unknown/missing 268 (17) 587 (16)

Morphology n (%) <0.001
Squamous cell 513 (32) 1,385 (38)
Adenocarcinoma 1,115 (68) 2,221 (62)

Combined stage n (%) <0.001
I 565 (35) 987 (27)
1T 476 (29) 1,061 (29)

I 587 (36) 1.558 (43)

Cardiovascular disease n (%) <0.001
Yes 1,158 (71) 1,429 (40)

Respiratory diseases n (%) 0.002
Yes 134 (8) 215 (6)

Diabetes n (%) <0.001
Yes 372 (23) 346 (10)

Concomitant medication use n (%)

ACEi or ARB 863 (53) 884 (25) <0.001
Beta-blocker 1,165 (72) 1,720 (48) <0.001
Metformin 303 (19) 270 (7) <0.001
Insulin 669 (41) 1,100 (30) <0.001

Cancer therapy at 6 months n (%) <0.001

Surgery with CT or RT 467 (29) 1,161 (32)
Surgery alone 463 (28) 898 (25)
CT or RT without surgery 477 (29) 1,182 (33)

No treatment 221 (14) 365 (10)

ACEi angiotensin conversing inhibitor, ARB angiotensin receptor
blocker, CT chemotherapy, RT radiotherapy

Statins use after diagnosis in individuals with more than 6 months of
follow-up

CI 0.75-0.87 and adjusted HR for cancer-specific mortal-
ity=0.81; 95% CI 0.74-0.88) and with a 3 months’ lag in
individuals living more than 3 months (adjusted HR for over-
all mortality =0.83; 95% CI 0.76-0.90 and adjusted HR for
cancer-specific mortality =0.83; 95% CI1 0.75-0.91). When
a 12 months’ lag in individuals living more than 1 year was
applied, the association remained similar for overall mor-
tality (adjusted HR=0.87; 95% CI 0.79-0.97) but did not
reach significance for cancer-specific mortality (adjusted
HR =0.94; 95% CI 0.83-1.08).

In the subgroup analysis, interaction tests did not show
a difference between statin use and mortality by histologic
subtypes (overall mortality: pe ineraction = 0-60 and cancer-
specific mortality: Py interaction = 0-89), sex (overall mor-
tality: Prorinteraction = 0.94 and cancer-specific mortality:
Piorinteraction = 0-60) or cancer treatment in the 6 months after
diagnosis (Supplementary Figure I).

Discussion

In this large, population-based cohort of 5,234 patients with
incident esophageal cancer, post-diagnosis statins use was
associated with a 16% decrease in overall mortality and a
13% decrease in cancer-specific mortality. Similar associa-
tions were seen when investigating pre-diagnosis statin use.
However, there were no dose-response relationships when
considering the cumulative number of prescriptions or the
cumulative number of DDDs and there was no apparent dif-
ference between the two main histological subtypes.

Our findings match with previous results regarding statins
use and cancer outcome. Indeed, statins have been consist-
ently associated with a decreasing mortality in cancer [22,
23]. In gastrointestinal cancer particularly, meta-analyses
of observational studies have associated statins use with a
decreased mortality in colorectal cancer [22, 24]. Statins
have also been tested in phase II and III randomized trials
for advanced gastric cancer with no improvement seen in
survival outcome [25, 26]. Those studies, however, focused
on metastatic patients not amenable for curative resection.

The anti-tumor effect of statins is thought to occur
through the inhibition of the mevalonate pathway as cancer
cells are known to be highly dependent on the mevalonate
pathway metabolites. More specifically cholesterol, an
important component of cell membranes, is mainly obtained
by cancer cells through this pathway [27]. In addition, small
guanosines triphosphatases (GTPases) involved in carcino-
genesis such as Ras, Rho, Rab, Arf and Ran are dependent
on prenylation, one of the steps in the mevalonate pathway
[27].

In esophageal adenocarcinoma cells specifically, simv-
astatin, lovastatin, atorvastatin and pravastatin, which are
subtypes of the statin family, have been associated with
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Table 2 Post-diagnosis statin use and overall or cancer-specific mortality in patients with esophageal cancer between 2004 and 2014 in Belgium

Post-diagnosis statins use as  Event rate (%) Person Years Unadjusted Adjusted®
time varying covariate®
HR 95% C1 p value HR 95% C1 p value
Overall mortality (n=5,234)
Non-users 2,235/3,606 (62.0) 10,915 1 1
Users 780/1,628 (47.9) 3,498 0.92 0.85-1.00 0.04 0.84 0.77-0.92 <0.001
Prescriptions 0.006 <0.001
1-12 710/1,286 (55.2) 3,091 0.90 0.82-0.98 0.83 0.76-0.91
>12 70/342 (20.5) 408 1.25 0.98-1.60 1.07 0.84-1.37
Defined daily doses 0.12 <0.001
1-365 544/866 (62.7) 2,097 0.92 0.84-1.01 0.84 0.76-0.93
>365 236/762 (31.0) 1,402 0.91 0.79-1.05 0.86 0.74-0.99
Cancer-specific mortality (n=5,075)
Non-users 1,508/3,503 (57.2) 10,551 1 1
Users 495/1,572 (32.7) 3,383 0.88 0.80-0.98 0.02 0.87 0.78-0.97 0.01
Prescriptions 0.05 0.04
1-12 468/1,244 (39.8) 2,989 0.88 0.79-0.98 0.87 0.78-0.97
>12 27/328 (8.2) 395 0.93 0.63-1.38 0.88 0.59-1.31
Defined daily doses 0.02 0.03
1-365 371/832 (44.6) 2,032 0.91 0.81-1.02 0.88 0.78-1.00
> 365 124/740 (16.8) 1,352 0.80 0.66-0.96 0.83 0.68-1.00

p value are for likelihood ratio test comparing model with and without the specific variable

?Analyses included a lag of 6 months in individuals living more than 6 months

®Adjusted for age (continuous), sex, year of diagnosis (<2009 and >2009), stage, cancer treatment, morphology (adenocarcinoma or squamous
cell carcinoma) and comorbidities (cardiovascular, diabetes and respiratory)

inhibition of cancer cell proliferation [11, 12]. Simvastatin
and pravastatin have also been associated with an increased
apoptosis through the inhibition of prenylation step [11]. In
esophageal adenocarcinoma a decrease in the oncoprotein
Ras activity was observed after treatment with simvastatin
[11]. This oncoprotein is known to be highly correlated to
the mevalonate pathway [27]. Simvastatin and Atorvastatin
were also involved in the inhibition of metastasis [12].

In esophageal squamous cell carcinoma, only lovastatin
was studied. In those cancerous cells, lovastatin decreased
cancer cells growth by inhibiting the upregulated mevalonate
pathway, thus leading to a decreasing activity of the onco-
protein Ras [13].

Consistently, simvastatin, pravastatin and atorvastatin
were the three statins subtypes available in Belgium that
were associated with lower overall and esophageal cancer
specific mortality in the present study, thereby aligning with
the pre-clinical studies.

At the population level, three studies have previously
investigated statin use after esophageal cancer diagnosis.

The first used the United Kingdom General Practice
Research Database (GPRD), the world’s largest electronic
database of prospective demographic, lifestyle and medical
data in primary care [15]. This study found a 38% decreased
risk of esophageal cancer-specific mortality and a 37%
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decrease risk of overall mortality in post-diagnosis statin
users in a population of 4,445 patients [15]. However, their
conclusion relied on unlagged analysis, without adjustment
on cancer stage, and on a substantial amount of missing data
for treatment. In comparison, and even with unlagged pre-
scription, the magnitude of the effect was lower in our analy-
sis when considering esophageal cancer-specific mortality.
In overall mortality however, our findings were similar: they
showed a 15% reduction of mortality, and our results suggest
a 16% reduction.

The differences in cancer-specific analysis could be
explained by differences in cancer-specific deaths definition.
They considered as cancer specific deaths, those in which
esophageal cancer was listed in part one of death certifi-
cate while we also include gastric cancer deaths (C15) and
malignant neoplasm of other and ill-defined digestive organs
(C26).

Pre-diagnosis statin use was also investigated as a
prescription for a minimum of 2 months between 6 and
18 months. The authors show a reduction of 14% in overall
mortality and a non-significant 9% reduction for cancer-spe-
cific mortality. In comparison, we found a 16% reduction of
overall mortality and an 18% reduction for cancer-specific
mortality. Again, our definition of cancer-specific deaths
allowed us to have more events. In addition, in our study
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Table 3 Sensitivity analysis regarding the length of the lag period in either overall or cancer-specific mortality in patients with esophageal can-

cer between 2004 and 2014 in Belgium

Medication usage Event rate (%) Person Years Unadjusted Adjusted?
HR 95% CI p HR 95% CI p
Post diagnosis statins use as time varying covariate
Overall mortality
without lag (n=6,238)*
Non-users 2,951/4,303 (68.6) 10,298 1 1
Users 1,066/1,935 (55.1) 4,389 0.89 0.83-0.95 <0.001 0.81 0.75-0.87 <0.001
3 months lag (n= 5,794)°
Non-users 2,644/4,006 (66.0) 10,699 1 1
Users 930/1,788 (52.0) 3,923 091 0.84-0.98 <0.01 0.83 0.76-0.90 <0.001
1 year lag (n=4,242)°
Non-users 1,489/2,881 (51.7) 10,933 1
Users 535/1,361 (39.3) 2,756 0.95 0.86-1.05 0.30 0.87 0.79-0.97 0.01
Cancer-specific mortality
without lag (n=6,167)*
Non-users 2,033/4,266 (47.7) 9,979 1 1
Users 682/1,901 (35.8) 4,249 0.83 0.77-0.91 <0.001 0.81 0.74-0.88 <0.001
3 months lag (n=5,669)°
Non-users 1,814/3,935 (46.1) 10,361 1 1
Users 590/1,734 (34.0) 3,795 0.85 0.78-0.94 <0.001 0.83 0.75-0.91 <0.001
1 year lag (n=4,081)°
Non-users 962/2,763 (34.8) 10,544 1 1
Users 328/1,318 (24.9) 2,668 0.92 0.81-1.05 0.21 0.94 0.83-1.08 0.39

#Analyses include all individuals
® Analyses include all individuals with more than 3 months of follow-up

Analyses include all individuals with more than 1 year of follow-up

dAdjusted for age (continuous), sex, year of diagnosis (<2009 and >2009), stage, cancer treatment, morphology (adenocarcinoma or squamous
cell carcinoma) and comorbidities (cardiovascular, diabetes and respiratory)

pre-diagnosis users were defined as those with a prescrip-
tion of any kind of statin between 1 and 12 months before
the diagnosis.

The second study used the Scottish Cancer Registry data-
base and was based upon 1,921 newly diagnosed esopha-
geal cancer patients [16]. The authors concluded on little
evidence of a reduction in esophageal cancer-specific mor-
tality while their main analyses showed a non-significant
7% reduction of mortality. Statins use before diagnosis was,
however, associated with a 12% reduction in overall mor-
tality and an 11% reduction in cancer specific mortality.
In comparison, our effect size was bigger but we also have
included more patients. Moreover, the authors were able
to adjust their analyses for deprivation, but were unable to
adjust for cancer stage.

In a large cohort study including 11,750 patients diag-
nosed with esophageal cancer during 15 consecutive years
in the United States, statin use after esophageal cancer diag-
nosis was associated with a 10% decrease in mortality [17].
As the two-previous study, they included all stage patients,

and so metastatic patients with a poor survival were also
included. That can explain the smaller effect size and differ-
ences in analysis with different lag. Indeed, for each lagged
analysis they suppressed dead patients according to the lag
duration. For example, in the 6-months lag analysis, sup-
pressed patients with less than 6 months of follow-up, should
be mainly stage IV patients.

It is interesting to note that despite little methodological
differences with the three previous studies, our results are
headed in the same direction.

Our result may have some limitations. First, some poten-
tially important confounders e.g. body mass index (BMI),
smoking, alcohol and socioeconomic statuses were missing
from our database.

BMI is a recognized risk factor for esophageal adeno-
carcinoma. Moreover, in some studies, BMI was also
associated with survival outcome in esophageal cancers
patients and this association might be modified by smok-
ing status [28]. However, distinction should be made con-
sidering the time of BMI assessment. If a high BMI is
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considered as a risk factor for adenocarcinoma, weight loss
before surgery in esophageal cancers and low BMI in the
first 6 months after surgery in adenocarcinoma were asso-
ciated with poor prognosis [29, 30]. This phenomenon,
well known in the cardiovascular literature, is called the
obesity paradox [31]. Therefore, healthier patients (that
is patients with a higher BMI in the present context) may
have been prescribed selectively statin, leading to a better
survival: this type of bias is a selection bias also called
confounding by indication. This could also be one of the
reasons why no dose-response was seen.

Socioeconomic status is a consistent risk factor for esoph-
ageal squamous cell [5]. Patients with low income or lower
educational level might be less health-conscious and more
likely to adopt bad lifestyle habits, being therefore, more at
risk for squamous cell carcinoma, a tumor highly associ-
ated with tobacco and alcohol consumption [32]. Moreo-
ver, patients with lower socioeconomic status might present
with advanced stage of cancer and therefore suffer from a
worse prognosis. Thus, and as in the current study statin
users were more likely to be diagnosed with adenocarci-
noma than squamous cell carcinoma, they might represent a
healthier population with higher socioeconomic status. This
could contribute to spurious association between statin use
and an improved survival.

Prevalent user bias is frequently cited in pharmacoepide-
miological studies and restricting analysis to the subset of
new users is a way to avoid it [33]. In our study, only 23%
of post-diagnosis users were new users. We did not analyze
this subgroup of patients to avoid healthy users’ bias as they
are healthy enough to initiate a preventive cardiovascular
treatment after their cancer diagnosis, and therefore, are not
representative of the general population of esophageal can-
cer patients.

One of the main strength of this study relies on the fact
that we used the Belgian national cancer registry containing
all cases of cancer diagnosed by hospital or laboratories.
Patients were selected over 11 consecutive incidence years
resulting in a large population-based set of more than 6,000
esophageal cancer cases.

To avoid immortal time bias, statin use after diagnosis
was used as a time-varying variable, allowing participants
to be considered as non-users until they receive their first
post-diagnostic statins prescription. Immortal time bias is a
frequent issue in observational study leading to an overesti-
mation of the studied effect [34].

As concomitant medications could possibly confound
association with survival, we also conducted an additional
analysis taking into account the post-diagnosis use of met-
formin, insulin, beta-blockers, angiotensin conversing
inhibitor and angiotensin receptor blocker as time varying
covariates. In a reassuring way, this analysis showed results
similar to the main one.

@ Springer

We also adjusted for cancer stage that is an important
prognostic factor in esophageal cancer but was missing in
two of the three previous studies [15, 16]. We choose to
exclude patients with stage IV cancer because they have
a poor 5-years relative survival (< 10%) and they are less
likely to use or continue statins after the cancer diagnosis.

Health insurance data allowed to avoid recall bias and
provided precise information regarding statin exposure. As
in Belgium, health insurance is compulsory and covers all
reimbursed medication, it seems unlikely to miss statin pre-
scriptions as they are reimbursed medication only available
with medical prescription. We also benefit from excellent
data related to cancer incidence and characteristics thanks
to the Belgian population-based cancer registry.

In summary, we used specific methods in this study
to control for frequent important biases in observational
studies. Robust verification of cancer case and deaths was
allowed with the use of a nationwide cancer registry data-
base. Moreover, it is also the first study conducted in Bel-
gium investigating the association between statin use and
esophageal cancer mortality.

According to our results, statin use in esophageal cancer
patients with good prognosis could be maintained as it was
not associated with poorer prognosis. However, further stud-
ies are needed to explore a potential antineoplastic effect of
statins before initiating such medication. We believe this
study could add information to the general topic of statin
use and esophageal cancer progression.

Conclusion

In this large, population-based esophageal cancer cohort,
post diagnosis statin use was associated with significant
decrease in overall and cancer-specific mortality. Other large
observational studies are, however, needed to confirm these
findings before conducting randomized controlled trials.
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