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Abstract

Purpose—Cardiac glycosides affect several pathways central for tumor formation. We sought to
evaluate the association between digoxin use and colorectal cancer (CRC) risk.

Methods—We conducted a nested case-control study using The Health Improvement Network
(THIN), a medical records database representative of the broader United Kingdom population.
Study cases were defined as those with a diagnostic code for CRC. Each case was matched to up
to 4 eligible controls on age, sex, practice site, and duration of follow-up before index date using
incidence density sampling. Exposure of interest was digoxin therapy before index date. The odds
ratios (ORs) and 95% confidence intervals (Cls) for CRC associated with digoxin use were
estimated using conditional logistic regression analysis, adjusted for BMI, alcoholism, smoking
history, diabetes mellitus, heart disease, chronic NSAIDs use and previous screening
colonoscopies.

Results—The case control analysis included 20,990 CRC patients and 82,054 controls whose
mean follow up time before index date was 6.5 years (SD 4.0). The adjusted OR for CRC among
current digoxin users was increased compared to non-users with an adjusted ORs of 1.41 (95%Cl
1.25-1.59, p<0.0001) 1.45 (95%CI 1.22-1.72, p<0.0001) and 1.41 (95%CI 1.00-1.99, p=0.049)
for first prescriptions 1-5 years, 5-10 years and more than 10 years before index date respectively.
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Similar results were observed when cumulative duration and number of digoxin prescriptions were
analyzed. The risk was not elevated for past digoxin users.

Conclusions—Current digoxin use is associated with increased CRC risk.
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Introduction

Digoxin is a cardiac glycoside that has been used for more than 200 years in the treatment of
congestive heart failure and atrial fibrillation. The main cardiogenic effects of digoxin are
mediated through inhibition of the sodium potassium ATPase pump, secondary increase in
intracellular calcium concentration and as a result increased contractility of cardiac
myocytes (1). Cardiac glycosides also affect several pathways central for tumor formation.
Digoxin was shown to: suppress growth of hypoxic NSCLC and breast cancer cells (2) (3)
(4) and possibly decrease the risk for castrate resistant prostate cancer through inhibition of
hypoxia inducible factor 1 (5, 6); reduce protein synthesis of the tumor suppressor gene P53
through the Src/MAPK pathway (7); inhibit the FA/BRCA pathway (8); induce autophagy
through mTOR and ERK1/2 signaling pathways in NSCLC cells (9) (10); and induce
immunogenic cell death in immune-competent but not immune-deficient mice through
inhibition of the Na+/K+-ATPase (11). Furthermore, the alpha 1 isoform of the sodium
potassium ATPase mediates cell migration and growth in addition to the pumping activities
and is down regulated in colon, pancreas, kidney, bladder and prostate cancers (12, 13).

In recent years, additional effects of cardiac glycosides on cancer cells have been described.
Digoxin is a phytoestrogen that can bind to estrogen receptor (ER) and stimulate estrogen
sensitive tumors in the breast and uterus (14, 15). In a Danish study, the use of digoxin
among women was associated with a 30% increase in risk of invasive breast cancer. The risk
increased modestly with increased duration of therapy up to 40% (16, 17). Another work
from Denmark, demonstrated higher risk for ER positive breast cancers and relapse during
the first year after diagnosis in women treated with digoxin (18). Similar results were seen in
the Nurses’ Health Study cohort with significant risk for ER positive tumors (HR 1.46,
95%Cl 1.10-1.95), especially for duration of therapy of more than 4 years. No association
was observed for ER negative disease (19). Other works demonstrated an increase in ER
negative breast cancers, although to a lesser extent (17). Stopping digoxin treatment reduced
cancer risk in the year after treatment cessation (OR 0.63, 95%CI 0.51-0.77), and the risk
increased later to levels similar to risk of non-users (17). Another support for the estrogenic
effect of digoxin derives from prostate cancer research. A study using data from the Health
Professionals Follow-up Study demonstrated a protective association between digoxin use
and prostate cancer risk (RR 0.76, 95%CI 0.61-0.95) especially with use of more than 10
years (20). A population based case-control study in King County, Washington showed a
similar risk reduction of 40% (21). Other studies showed no change in risk (22).

Recently, a small retrospective clinical analyses (1) showed improved overall survival in
patients treated with digoxin during chemotherapy in breast, colorectal, head and neck, and
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hepatocellular carcinoma patients. The same effect was not demonstrated in patients with
lung and prostate cancers. A single report described cytotoxic activity of cardiac glycosides
against colorectal cancer cells at concentrations higher than the therapeutic levels (23).

The aim of the current work was to evaluate the effect of digoxin therapy on CRC risk.
Since previous works demonstrated decreased CRC risk among women that used hormone
replacement therapy (HRT) (24) we assumed that digoxin might decrease CRC risk due to
activation of estrogenic pathways.

Study Design

Data source

We conducted a nested case-control study using The Health Improvement Network (THIN),
a large population-based electronic medical record database from the United Kingdom
(UK). The study was approved by the Institutional Review Board at the University of
Pennsylvania and by the Scientific Review Committee of THIN.

The THIN database contains comprehensive medical records on approximately 10 million
patients treated by general practitioners in 566 practice sites, with demographic and
geographic distributions that are broadly representative of the general UK population. THIN
includes information on patient demographics, socioeconomic status, medical diagnoses, lab
results, preventative healthcare and drug prescriptions. Each medical diagnosis is defined
using Read diagnostic codes (25). Each medication is coded using multilex codes. All
practices contributing data to THIN following a standardized protocol of entering
information. Data quality is monitored through routine analysis of the entered data (26, 27).
The database has been previously used for pharmacoepidemiology studies, showing
excellent quality of information on prescriptions and medical diagnoses, including cancer
(28, 29, 30).

Study cohort

All people receiving medical care from 1995 to 2013 from a THIN practitioner were
potentially eligible for inclusion (figure 1). Subjects with a diagnosis of familial CRC
syndromes, IBD or age above 40 years old at the time of diagnosis were excluded in order to
focus on an average risk population. Follow-up started at the later of either the date the
THIN practice started using the electronic medical record (Vision software) or 183 days
after the date at which the patient registered with their general practitioner (31), and ended
on the index date (defined below).

Case selection

Cases were defined as all individuals in the cohort with at least one Read code for CRC
during the follow-up period (32, 27). The index date was the date of first CRC diagnosis.
Subjects who had a recorded diagnosis for CRC within 183 days after initiation of the
follow-up period were excluded in order to avoid prevalent cases (31).
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Selection of controls

Selection of the control group was based on incidence density sampling (33). The eligible
control pool for a case comprised all individuals who remained at risk for CRC on the index
date of the case (i.e., no prior diagnosis of CRC or colectomy). Up to four controls were
matched with each case on age (using age group categories of 5 years), sex, practice site,
and duration of follow-up. Controls were assigned the same index date as their matched
cases.

Exposures and Covariates

The primary exposure of interest was current use of digoxin defined as a last prescription for
digoxin within a year before index date. Patients with last digoxin prescription more than a
year before index date were defined as past users. Since colorectal tumorigenesis is a
multistep process occurring over a period of 10-15 years, we analyzed the effect of first
prescription timing before the index date (<6 months, 6 months- <1 year, 1- <5 years, 5-
<10 years and >10 years) compared to unexposed subjects. In addition, we evaluated the
association between CRC risk and cumulative duration of digoxin therapy divided to
quartiles (Q1: 0-196 days, Q2: 197-579 days, Q3: 580-1301 days and Q4: more than 1301
days).

As potential confounders, we examined a comprehensive list of variables that are either
known or suspected risk factors for CRC: lifestyle parameters including BMI (<25, 25-29,
30-39 and >40), smoking history (current, past or never), alcohol consumption (any use and
alcoholism/alcohol dependence) and Townsend deprivation score as a surrogate for socio-
economic status; presumed previous CRC screening colonoscopies (i.e. 2 years before index
date); medical co-morbidities including diabetes mellitus (34) and heart disease (35); and
medications which may influence CRC risk such as aspirin and NSAIDs. Covariates were
measured prior to the index date.

Statistical Analysis

Results

The baseline characteristics of cases and controls were compared using chi square test for
categorical variables and t-test for continuous variables. The primary analysis was a
multivariable conditional logistic regression to estimate odds ratios (OR) and 95%
confidence interval for the association between digoxin use and CRC. In all the analyses the
reference exposure group were individuals without documented digoxin therapy. The
analysis was adjusted to all potential confounders (diabetes mellitus, heart disease, BMI,
alcohol consumption, smoking history and chronic NSAIDs use as well as previous events
of screening colonoscopy). All calculations were done using STATA 13.

The study population consisted of 20,990 CRC patients and 82,054 matched controls with a
median duration of follow up of 6.5 years (SD 4.0). Consortium diagram (Figure 1) and
characteristics of cases and controls are presented (Table 1). As expected, cases were more
likely to be former or current smokers, alcohol users, with an elevated BMI and a medical
history of diabetes mellitus. Controls were more likely to undergo screening colonoscopy
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before index date, and chronic users of NSAIDs or aspirin had lower risk for CRC compared
to non-users. There was no statistically significant difference in Townsend score, as a
surrogate for socio-economic status, between cases and controls.

Current digoxin use was associated with an increase in CRC risk with adjusted OR of 1.52
(95% CI 1.40-1.65, p<0.0001). The risk was elevated both in patients with treatment
initiation less than one year before index date as well as treatment initiation more than one
year before index date with adjusted ORs of 1.92 (95%CI 1.63-2.28, p<0.0001) and 1.42
(95%CI 1.29-1.56, p=0.001) respectively. Similar results were observed among current
users in analyses that accounted for different timing of digoxin treatment initiation (<6
months, 6 months-<1 year, 1- <5 years, 5- <10 years and >10 years before index date) with
adjusted ORs of 1.41 (95%CIl 1.25-1.59, p<0.0001) 1.45 (95%CIl 1.22-1.72, p<0.0001) and
1.41 (95%CI 1.00-1.99, p=0.049) for first prescription 1-5, 5-10 and more than 10 years
before index date, respectively (Table 2). The risk was not elevated among past digoxin
users with last prescription more than one year before index date (adjusted OR of 1.07,
95%CI 0.90-1.28, p=0.452) or at any time interval (Table 3).

We further analyzed the cumulative duration of digoxin use before index date, divided to
quartiles (Q1: 0-196 days, Q2: 197-579 days, Q3: 580-1301 days and Q4: more than 1301
days) and CRC risk. For current digoxin users, there was an elevated CRC risk in all
quartiles with an adjusted ORs of 1.97 (95%CI 1.63-2.38, p<0.0001), 1.52 (95%CI 1.29-
1.78, p<0.0001), 1.44 (95%CI 1.23-1.68, p<0.0001) and 1.38 (95%CI 1.18-1.61, p<0.0001)
for Q1-Q4 compared to individuals not treated with digoxin, respectively. The risk
remained stable in Q2—Q4 (more than 196 days after treatment initiation) (Table 4). Among
past users there was no impact for treatment duration on CRC risk in all duration quartiles
(Table 4). Similar results were observed when number of digoxin prescriptions was analyzed
(data not shown).

Additionally, a secondary analysis was performed only among women in order to evaluate
possible estrogenic effects of digoxin. The association between digoxin use and CRC
remained similar to the overall analysis with no risk in past users (adjusted OR 1.00, 95%ClI
0.74-1.36, p=0.99) and increased risk in current users with an adjusted OR of 1.41 (95%ClI
1.22-1.62, p<0.0001) for treatment more than one year before index date (for comparison,
among males the adjusted OR was 1.42 with 95%CI 1.25-1.62 and p<0.0001).The risk
increased in all quartiles of cumulative durations for current users with adjusted ORs of 1.91
(95%CI 1.44-2.52, p<0.0001), 1.40 (95%CI 1.09-1.80, p=0.008), 1.63 (95%CI 1.30-2.03,
p<0.0001) and 1.31 (95%CI 1.03-1.67, p=0.03) for Q1-Q4 respectively. There was no
increase in risk for any of the duration levels among women with past digoxin treatment
more than one year before index date.

Discussion

Treatment with digoxin and other cardiac glycosides was previously described as a risk
factor for breast and uterine cancers and potentially a protective factor against prostate
cancer, possibly through estrogenic effects (14, 21). Despite the fact that estrogen and
progestin hormone replacement therapy was shown to decrease CRC risk (24) only a single
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limited retrospective work, focusing on a small number of CRC patients demonstrated
possible cytotoxic activity and increased overall survival in patients treated with digoxin
along with chemotherapy (1).

In this nested case-control study we aimed to investigate the association between digoxin
use and CRC risk in a large, average risk population. Current digoxin users had increased
risk for CRC with an OR of 1.92 (1.63-2.28, <0.0001) for patients with treatment initiation
less than one year before index date and an OR of approximately 1.4 for treatment initiation
at different time interval from one year up to more than ten years prior to diagnosis. The risk
dropped to normal among former digoxin users with an OR of 1.07 (0.90-1.28, p=0.45) at
least one year after treatment cessation, resembling previous results in breast cancer (17).
Similar results were observed when cumulative duration and number of digoxin
prescriptions were analyzed. There was no difference in risk when the results were stratified
according to sex. As mentioned previously, digoxin is a phytoestrogen, but while in the
Women health initiative (WHI), use of estrogen and progestin hormone replacement therapy
(HRT) decreased CRC risk (24) in our study the risk increased among current digoxin users,
thus suggesting other biological mechanisms rather than activation of estrogenic pathways.

The higher risk demonstrated in patients with treatment initiation during the year before
CRC diagnosis, might possibly be due to protopathic bias secondary to drug prescription
prior to index date related to increased use of medical services (36). Since previous works
demonstrated direct effects of certain isoforms of the sodium potassium ATPase on
tumorigenic pathways, such as the Src/MAPK, in tissue from CRC patients (12, 13) an
immediate increase in risk due to direct effects of digoxin cannot be ruled out.

The main advantage of the current study was using a large computerized database with
detailed information on drug prescriptions. Since 98% of the UK population receive their
healthcare through general practitioners, this database reflects the general healthcare
delivery pattern for the entire UK population. Cases and controls were matched on age, sex,
practice site and duration of follow-up with no additional socio-economic differences
between the groups as expressed in Townsend score. The study also included only patients
with at least 6 months of follow-up prior to diagnosis in order to avoid prevalent CRC cases.
However, the current work had several limitations. The THIN database lacks information on
digoxin dosing for the majority of users. Nevertheless, due to the narrow therapeutic range
of digoxin we assume that duration of treatment was an appropriate surrogate for cumulative
dose. The fact that the risk in our study resembles previous results regarding the risk for
breast cancer among digoxin users support this assumption (19). Information regarding BMI
levels as possible confounder for CRC risk was missing in up to 30% of the study
population. We categorized those individuals with missing BMI data as a separate category
in our analysis. Additionally we’ve done a second analysis restricted among patients with
BMI data that did not change our results. Additionally, THIN lack information regarding
polyp detection, tumor location and stage, thus we were unable to investigate possible
differential effects of treatment on tumor invasiveness. The THIN database has no
information regarding compliance with digoxin treatment, however all current users in our
study renewed prescriptions at least once every 3 months and used digoxin as long term
treatment. Furthermore we analyzed separately current and past users. If compliance was
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lower, we expect a non-differential misclassification that would bias the results towards the
null.

Since CRC develops over a period of 10-15 years and the median follow up in the study was
approximately 6 years, it is possible that some patients already had a colonic adenoma at the
time of initiation of digoxin therapy. Taken together with the additional small number of
patients that were treated with digoxin more than 10 years before index date, we were
limited in analyzing the impact of digoxin on cancer initiation. Patients on digoxin therapy
may also be less healthy than those who were not treated with digoxin and may be more
likely to be followed by their general practitioner and undergo CRC screening. For this
reason, we controlled the analysis for previous screening colonoscopies. The use of
screening colonoscopy in the UK general population is extremely low, thus differences in
health care received, particularly CRC screening services, were unlikely to confound the
results. Additionally, we performed a restriction analysis only to cases and controls that
weren’t screened. There was no change in results among this subset, supporting no effect of
screening on outcome.

In summary, we demonstrated a higher risk for CRC associated with current digoxin use.
The risk increased with treatment initiation and returned to normal one year after treatment
cessation. Further work should evaluate the biological pathways behind this association
focusing on the role of the sodium potassium ATPase in tumor formation. This association,
if confirmed, could have clinical implications. It might suggest that physicians need to
consider alternative treatment for heart failure in patients with known CRC risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1
Characteristics of cases and controls
Cases Controls Unadjusted OR | P-value
(n=20,990) | (n=82,054) (95% CI)

Age at index date (year SD) | 71.3(11.1) | 71.0 (11.2) | NA | NA
Male sex (% SD) | 55.1% (0.5) | 55.1% (0.5) | NA | NA
Duration of follow-up before index date (years SD) | 6.5 (4.0) | 6.5 (4.0) | NA | NA
diabetes mellitus (% SD) | 12.6% (0.3) | 10.1% (0.3) | 1.28 (1.22-1.34) | <0.0001
BMI 25-29 (% SD)1 28.1% (0.4) | 26.7% (0.4) | 0.97 (0.93-1.02) | 0.24
BMI 30-39 (% SD) 19.4% (0.4) | 17.6% (0.4) | 1.03 (0.98-1.08) 0.3
BMI >40 (%SD) 21%(0.1) | 1.7%(0.1) | 1.20(1.07-1.34) | 0.002
Smoking (ever) (% SD) 48.4% (0.5) | 42.8% (0.5) | 1.30(1.25-1.34) | <0.0001
Current smokers (% SD) 7.8% (0.3) 7.3% (0.3) 1.22 (1.15-1.3) | <0.0001
Alcohol use (% SD) 52.9% (0.5) | 49.9% (0.5) | 1.18(1.13-1.22) | <0.0001
Alcoholism (% SD) 0.8% (0.09) | 0.5% (0.07) | 1.80 (1.49-2.17) | <0.0001
Chronic NSAIDs/Aspirin use (% SD)2 | 26.3% (0.4) | 27.2% (0.4) | 1.00 (0.97-1.04) | 0.82
Previous screening colonoscopy (% SD)3 | 1.5% (0.1) | 1.7% (0.1) | 0.88 (0.78-0.99) | 0.04

lInformation regarding BMI was available for 14,621 cases and 52,814 controls.

First Prescription at least 12 month before index date and last prescription within 6 months before index date, cumulative duration of therapy more
than 365 days.

3 .
more than two years before index date.
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multivariable analysis among the current digoxin users, looking at five different levels of first prescription
timing before index date

First digoxin Cases Controls Unadjusted OR Adijusted orl
treatment before (20,990) (82,054) (95% ClI, p-Value) (95% ClI, p-Value)
index date N (%) N (%)

No digoxin Rx. 20,147 (96.0%) | 79,936 (97.4%) | Ref. Ref.

<6 months 110 (0.5%) 190 (0.2%) 2.36 (1.86-2.99, <0.0001) | 2.28 (1.80-2.90, <0.0001)
6 months — <1 year | 103 (0.5%) 238 (0.3%) 1.77 (1.40-2.24, <0.0001) | 1.64 (1.30-2.08, <0.0001)
1- <5 years 403 (1.9%) 1,083 (1.3%) 1.49 (1.32-1.67, <0.0001) | 1.41 (1.25-1.59, <0.0001)
5- <10 years 181 (0.9%) 480 (0.6%) 1.50 (1.26-1.78, <0.0001) | 1.45 (1.22-1.72, <0.0001)
>10 years 46 (0.2%) 127 (0.2%) 1.47 (1.05-2.07, =0.027) 1.41 (1.00-1.99, =0.049)

1Adjusted to diabetes mellitus, BMI, smoking history, alcohol consumption, chronic use of Aspirin/NSAIDs, and performance of screening

colonoscopy.
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Table 3

multivariable analysis among the former digoxin users, looking at five different levels of first prescription
timing before index date
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First digoxin Cases Controls Unadjusted OR Adjusted ORY
treatment before | (20,990) (82,054) (95% ClI, p-Value) (95% ClI, p-Value)
index date N (%) N (%) '

No digoxin Rx. 20,147 (96.0%) | 79,936 (97.4%) | Ref. Ref.

1- <5 years 83 (0.4%) 302 (0.4%) 1.08 (0.85-1.39, =0.52) | 1.06 (0.83-1.35, =0.66)
5- <10 years 64 (0.3%) 210 (0.2%) 1.25(0.94-1.65,=0.13) | 1.21(0.91-1.61, =0.18)
>10 years 14 (0.1%) 73 (0.1%) 0.76 (0.43-1.36, =0.36) | 0.73 (0.41-1.30, =0.29)
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Table 4

multivariable analysis of cumulative durations of digoxin treatment and colorectal cancer risk

Digoxin therapy1

Cases
(20,990)
N (%)

Controls
(82,054)
N (%)

Unadjusted OR
(95% Cl, p-Value)

Adjusted OR?2
(95% ClI, p-Value)

Current users

No digoxin Rx. 20,147 (96.0%) | 79,936 (97.4%) | Ref. Ref.
Q1 169 (0.8%) 332 (0.4%) 2.07 (1.72-2.50, <0.0001) | 1.97 (1.63-2.38, <0.0001)
Q2 212 (1%) 533 (0.6%) 1.59 (1.35-1.87,<0.0001) | 1.52 (1.29-1.78, <0.0001)
Q3 232 (1.1%) 617 (0.8%) 1.51 (1.30-1.77, <0.0001) | 1.44 (1.23-1.68, <0.0001)
Q4 230 (1.1%) 636 (0.8%) 1.44 (1.24-1.68, <0.0001) | 1.38 (1.18-1.61, <0.0001)

Former users

No digoxin Rx. 20,147 (96.0%) | 79,936 (97.4%) | Ref. Ref.
Q1 103 (0.5%) 347 (0.4%) 1.18 (0.94-1.47, =0.15) 1.14 (0.91-1.42, =0.26)
Q2 35 (0.2%) 119 (0.1%) 1.19 (0.81-1.73, =0.37) 1.16 (0.80-1.70, =0.43)
Q3 10 (0.05%) 70 (0.09%) 0.58 (0.30-1.13, =0.11) 0.59 (0.31-1.16, =0.13)
Q4 13 (0.06%) 49 (0.06%) 1.08 (0.59-2.00, =0.80) 1.02 (0.55-1.89, =0.95)

1Q1: 0-196 days, Q2: 197-579 days, Q3: 580-1301 days and Q4: more than 1301 days

Adjusted to diabetes mellitus, ischemic heart disease, BMI, smoking history, alcohol consumption, chronic use of Aspirin/NSAIDs, and
performance of screening colonoscopy
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