
Supplementary Table S1 Atrial fibrillation Read codes and associated terms used to define the cohort

Read code Read term

3272.00 ECG: atrial fibrillation

G573.00 Atrial fibrillation and flutter

G573000 Atrial fibrillation

G573200 Paroxysmal atrial fibrillation

G573300 Nonrheumatic atrial fibrillation

G573400 Permanent atrial fibrillation

G573500 Persistent atrial fibrillation

G573z00 Atrial fibrillation and flutter NOS

212R.00 Atrial fibrillation resolved

790G200 Percutaneous occlusion of left atrial appendage

7936A00 Implant intravenous pacemaker for atrial fibrillation

Supplementary Table S2 Crude and adjusted HRs for the association between DOAC type and the risk of cancer

Exposure Events Person-years Incidence ratea (95% CI) Crude HR Adjusted HRb (95% CI)

No use of anticoagulants 312 19,330 16.1 (14.4–18.0) 1.00 [Reference] 1.00 [Reference]

Apixaban 72 4,047 17.8 (13.9–22.4) 1.11 1.09 (0.82–1.43)

Dabigatran 22 1,276 17.2 (10.8–26.1) 1.08 1.05 (0.68–1.63)

Rivaroxaban 104 5,261 19.8 (16.2–24.0) 1.24 1.19 (0.94–1.51)

Otherc 10 557 18.0 (8.6–33.0) 1.14 1.03 (0.54–1.95)

Abbreviations: CI, confidence interval; DOAC, direct oral anticoagulant; HR, hazard ratio.
aPer 1,000 person-years.
bAdjusted for age, sex, year of cohort entry, alcohol-related disorders (including alcoholism, alcoholic cirrhosis of the liver, alcoholic hepatitis, and
hepatic failure), smoking status, body mass index, chronic kidney disease, stroke, myocardial infarction, peripheral arteriopathy, chronic
obstructive pulmonary disease, bleeding, pancreatitis, gall bladder disease, ulcerative colitis, Crohn’s disease, unspecified inflammatory bowel
disease, polyps, cholecystectomy, cholangitis, gastric surgery, use of bisphosphonates, antidiabetic drugs, antihypertensive drugs, antidepres-
sants, aspirin, other antiplatelets, first- and second-generation antipsychotic drugs, nonsteroidal anti-inflammatory drugs, statins, hormone
replacement therapy, and the total number of unique nonanticoagulant drugs used in the year before cohort entry.

cIncludes edoxaban and combination use.
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Supplementary Table S3 Crude and adjusted HRs for the association between the use of anticoagulants and the risk of
prespecified cancer subtypes

Exposure Events Person-years Incidence ratea (95% CI) Crude HR Adjusted HRb (95% CI)

Breast cancer

No use of anticoagulants S� S� 4.0 (2.8–5.6) 1.00 [Reference] 1.00 [Reference]

Use of VKAs 49 12,602 3.9 (2.9–5.1) 0.96 0.94 (0.59–1.50)

Use of DOACs 19 4,846 3.9 (2.4–6.1) 0.98 1.19 (0.63–2.24)

Use of VKAs and DOACs S� S� 1.9 (0.4–5.5) 0.47 0.49 (0.15–1.66)

Prostate cancer

No use of anticoagulants 52 10,875 4.8 (3.6–6.3) 1.00 [Reference] 1.00 [Reference]

Use of VKAs 96 16,792 5.7 (4.6–7.0) 1.24 1.12 (0.79–1.60)

Use of DOACs 28 6,295 4.4 (3.0–6.4) 0.95 0.96 (0.58–1.60)

Use of VKAs and DOACs 6 1,734 3.5 (1.3–7.5) 0.78 0.77 (0.32–1.85)

Colorectal cancer

No use of anticoagulants 32 19,330 1.7 (1.1–2.3) 1.00 [Reference] 1.00 [Reference]

Use of VKAs 67 29,394 2.3 (1.8–2.9) 1.35 1.14 (0.74–1.77)

Use of DOACs 34 11,141 3.1 (2.1–4.3) 1.80 1.73 (1.01–2.99)

Use of VKAs and DOACs 5 3,328 1.5 (0.5–3.5) 0.87 0.79 (0.30–2.09)

Lung cancer

No use of anticoagulants 37 19,330 1.9 (1.3–2.6) 1.00 [Reference] 1.00 [Reference]

Use of VKAs 71 29,394 2.4 (1.9–3.0) 1.30 1.11 (0.73–1.70)

Use of DOACs 22 11,141 2.0 (1.2–3.0) 1.07 1.03 (0.58–1.85)

Use of VKAs and DOACs 10 3,328 3.0 (1.4–5.5) 1.58 1.46 (0.70–3.06)

Bladder cancer

No use of anticoagulants 21 19,330 1.1 (0.7–1.7) 1.00 [Reference] 1.00 [Reference]

Use of VKAs 38 29,394 1.3 (0.9–1.8) 1.21 1.09 (0.63–1.91)

Use of DOACs 15 11,141 1.3 (0.8–2.2) 1.21 1.06 (0.51–2.22)

Use of VKAs and DOACs 7 3,328 2.1 (0.8–4.3) 2.15 2.21 (0.89–5.49)

Pancreatic cancer

No use of anticoagulants S� S� 0.4 (0.2–0.8) 1.00 [Reference] 1.00 [Reference]

Use of VKAs 9 29,394 0.3 (0.1–0.6) 0.77 0.77 (0.28–2.08)

Use of DOACs 10 11,141 0.9 (0.4–1.7) 2.10 2.15 (0.72–6.44)

Use of VKAs and DOACs S� S� 0.9 (0.2–2.6) 2.67 2.55 (0.59–10.96)

Abbreviations: CI, confidence interval; DOAC, direct oral anticoagulant; HR, hazard ratio; VKA, vitamin K antagonist.
aPer 1,000 person-years.
bAdjusted for age, sex, year of cohort entry, alcohol-related disorders (including alcoholism, alcoholic cirrhosis of the liver, alcoholic hepatitis and
hepatic failure), smoking status, body mass index, chronic kidney disease, stroke, myocardial infarction, peripheral arteriopathy, chronic
obstructive pulmonary disease, bleeding, pancreatitis, gall bladder disease, ulcerative colitis, Crohn’s disease, unspecified inflammatory bowel
disease, polyps, cholecystectomy, cholangitis, gastric surgery, use of bisphosphonates, antidiabetic drugs, antihypertensive drugs, antidepres-
sants, aspirin, other antiplatelets, first- and second-generation antipsychotic drugs, nonsteroidal anti-inflammatory drugs, statins, hormone
replacement therapy, and the total number of unique nonanticoagulant drugs used in the year before cohort entry.
S�: Numbers less than 5 are not displayed, as per the confidentiality policies of the Clinical Practice Research Datalink.
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Supplementary Table S4 Crude and adjusted HRs for the association between the use of anticoagulants and the risk of cancer
(lag 2 years)

Exposure Events Person-years Incidence ratea (95% CI) Crude HR Adjusted HRb (95% CI)

No use of anticoagulants 207 12,611 16.4 (14.3–18.8) 1.00 [Reference] 1.00 [Reference]

Use of VKAs 350 19,373 18.1 (16.2–20.1) 1.08 0.98 (0.82–1.17)

Use of DOACs 79 5,107 15.5 (12.2–19.3) 0.94 0.96 (0.72–1.27)

Use of VKAs and DOACs 21 1,641 12.8 (7.9–19.6) 0.76 0.72 (0.46–1.15)

Abbreviations: CI, confidence interval; DOAC, direct oral anticoagulant; HR, hazard ratio; VKA, vitamin K antagonist.
aPer 1,000 person-years.
bAdjusted for age, sex, year of cohort entry, alcohol-related disorders (including alcoholism, alcoholic cirrhosis of the liver, alcoholic hepatitis and
hepatic failure), smoking status, body mass index, chronic kidney disease, stroke, myocardial infarction, peripheral arteriopathy, chronic
obstructive pulmonary disease, bleeding, pancreatitis, gall bladder disease, ulcerative colitis, Crohn’s disease, unspecified inflammatory bowel
disease, polyps, cholecystectomy, cholangitis, gastric surgery, use of bisphosphonates, antidiabetic drugs, antihypertensive drugs, antidepres-
sants, aspirin, other antiplatelets, first- and second-generation antipsychotic drugs, nonsteroidal anti-inflammatory drugs, statins, hormone
replacement therapy, and the total number of unique nonanticoagulant drugs used in the year before cohort entry.

Supplementary Table S5 Crude and adjusted HRs for the association between the use of anticoagulants and the risk of cancer
(lag 3 years)

Exposure Events Person-years Incidence ratea (95% CI) Crude HR Adjusted HRb (95% CI)

No use of anticoagulants 140 7,718 18.1 (15.3–21.4) 1.00 [Reference] 1.00 [Reference]

Use of VKAs 221 11,656 19.0 (16.5–21.6) 1.08 1.00 (0.80–1.25)

Use of DOACs 25 1,929 13.0 (8.4–19.1) 0.73 0.76 (0.49–1.19)

Use of VKAs and DOACs 8 692 11.6 (5.0–22.8) 0.67 0.65 (0.32–1.35)

Abbreviations: CI, confidence interval; DOAC, direct oral anticoagulant; HR, hazard ratio; VKA, vitamin K antagonist.
aPer 1,000 person-years.
bAdjusted for age, sex, year of cohort entry, alcohol-related disorders (including alcoholism, alcoholic cirrhosis of the liver, alcoholic hepatitis and
hepatic failure), smoking status, body mass index, chronic kidney disease, stroke, myocardial infarction, peripheral arteriopathy, chronic
obstructive pulmonary disease, bleeding, pancreatitis, gall bladder disease, ulcerative colitis, Crohn’s disease, unspecified inflammatory bowel
disease, polyps, cholecystectomy, cholangitis, gastric surgery, use of bisphosphonates, antidiabetic drugs, antihypertensive drugs, antidepres-
sants, aspirin, other antiplatelets, first- and second-generation antipsychotic drugs, nonsteroidal anti-inflammatory drugs, statins, hormone
replacement therapy, and the total number of unique nonanticoagulant drugs used in the year before cohort entry.

Supplementary Table S6 Crude and adjusted HRs for the association between the use of anticoagulants and the risk of cancer
(competing risk)

Exposure Events Person-years Incidence ratea (95% CI) Crude HR Adjusted HRb (95% CI)

No use of anticoagulants 312 19,330 16.1 (14.4–18.0) 1.00 [Reference] 1.00 [Reference]

Use of VKAs 549 29,394 18.7 (17.1–20.3) 1.26 1.11 (0.95–1.29)

Use of DOACs 208 11,141 18.7 (16.2–21.4) 1.20 1.20 (0.98–1.47)

Use of VKAs and DOACs 50 3,328 15.0 (11.2–19.8) 1.07 1.02 (0.75–1.40)

Abbreviations: CI, confidence interval; DOAC, direct oral anticoagulant; HR, hazard ratio; VKA, vitamin K antagonist.
aPer 1,000 person-years.
bAdjusted for age, sex, year of cohort entry, alcohol-related disorders (including alcoholism, alcoholic cirrhosis of the liver, alcoholic hepatitis and
hepatic failure), smoking status, body mass index, chronic kidney disease, stroke, myocardial infarction, peripheral arteriopathy, chronic
obstructive pulmonary disease, bleeding, pancreatitis, gall bladder disease, ulcerative colitis, Crohn’s disease, unspecified inflammatory bowel
disease, polyps, cholecystectomy, cholangitis, gastric surgery, use of bisphosphonates, antidiabetic drugs, antihypertensive drugs, antidepres-
sants, aspirin, other antiplatelets, first- and second-generation antipsychotic drugs, nonsteroidal anti-inflammatory drugs, statins, hormone
replacement therapy, and the total number of unique nonanticoagulant drugs used in the year before cohort entry.
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Supplementary Table S7 Crude and adjusted HRs for the association between the use of anticoagulants and the risk of cancer
(four prescriptions within a 12-month moving window)

Exposure Events Person-years Incidence ratea

(95% CI)
Crude HR Adjusted HRb (95% CI)

No use of anticoagulants 312 19,330 16.1 (14.4–18.0) 1.00 [Reference] 1.00 [Reference]

Use of VKAs 514 27,505 18.7 (17.1–20.4) 1.19 1.06 (0.91–1.23)

Use of DOACs 189 10,096 18.7 (16.1–21.6) 1.19 1.14 (0.93–1.40)

Use of VKAs and DOACs 38 2,591 14.7 (10.4–20.1) 0.95 0.89 (0.63–1.26)

Irregular use of
VKAs or DOACsc

66 3,672 18.0 (13.9–22.9) 1.04 1.00 (0.76–1.31)

Abbreviations: CI, confidence interval; DOAC, direct oral anticoagulant; HR, hazard ratio; VKA, vitamin K antagonist.
aPer 1,000 person-years.
bAdjusted for age, sex, year of cohort entry, alcohol-related disorders (including alcoholism, alcoholic cirrhosis of the liver, alcoholic hepatitis and
hepatic failure), smoking status, body mass index, chronic kidney disease, stroke, myocardial infarction, peripheral arteriopathy, chronic
obstructive pulmonary disease, bleeding, pancreatitis, gall bladder disease, ulcerative colitis, Crohn’s disease, unspecified inflammatory bowel
disease, polyps, cholecystectomy, cholangitis, gastric surgery, use of bisphosphonates, antidiabetic drugs, antihypertensive drugs, antidepres-
sants, aspirin, other antiplatelets, first- and second-generation antipsychotic drugs, nonsteroidal anti-inflammatory drugs, statins, hormone
replacement therapy, and the total number of unique nonanticoagulant drugs used in the year before cohort entry.

cLess than 4 prescriptions for VKAs or DOACs within a 12-month moving window.

Supplementary Table S8 Crude and Adjusted HRs for the Association Between the Use of Anticoagulants and the Risk of Cancer
(Marginal Structural Model)

Exposure Events Person-monthsa Incidence rateb

(95% CI)
Crude HR in weighted
model (95% CI)

Adjusted HR in
weighted model
(95% CI)c

No use of anticoagulants 312 231,081 1.4 (1.2–1.5) 1.00 [Reference] 1.00 [Reference]

Use of VKAs 549 366,839 1.5 (1.4–1.6) 1.19 1.01 (0.87–1.17)

Use of DOACs 208 142,018 1.5 (1.3–1.7) 1.20 1.12 (0.91–1.38)

Use of VKAs and DOACs 50 42,494 1.2 (0.9–1.6) 0.86 0.78 (0.56–1.08)

Abbreviations: CI, confidence interval; DOAC, direct oral anticoagulant; HR, hazard ratio; VKA, vitamin K antagonist.
aWeights were calculated every 30 days.
bPer 1,000 person-months.
cAdjusted for age, sex, year of cohort entry, alcohol-related disorders (including alcoholism, alcoholic cirrhosis of the liver, alcoholic hepatitis and
hepatic failure), smoking status, bodymass index, chronic kidney disease, stroke, myocardial infarction, peripheral arteriopathy, chronic obstructive
pulmonary disease, bleeding, pancreatitis, gall bladder disease, ulcerative colitis, Crohn’s disease, unspecified inflammatory bowel disease, polyps,
cholecystectomy, cholangitis, gastric surgery, use of bisphosphonates, antidiabetic drugs, antihypertensive drugs, antidepressants, aspirin, other
antiplatelets, first- and second-generation antipsychotic drugs, nonsteroidal anti-inflammatory drugs, statins, hormone replacement therapy, and
the total number of unique nonanticoagulant drugs used in the year before cohort entry.
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Supplementary Fig. S1 summarizes the time-varying exposure definition. The dashed lines represent the 1-year lag period applied after each
new anticoagulant prescription, after which patients are considered exposed. The solid lines represent exposure periods, and the dotted line (in
green) represents the period after discontinuation of an anticoagulant, after which patients are considered continuously exposed until the end
of follow-up. In the scenario above, Patient A enters the cohort without use of any anticoagulant drug, thus contributes person-time to the
reference group only, and generates an unexposed event after 1 year of follow-up. Patient B enters the cohort without use of an anticoagulant,
but has a prescription for a VKA at year 1 of follow-up. Following the 1-year lag period, patient B contributes exposed person-time to the VKA
group, and later contributes a VKA exposed event. Patient C enters the cohort as a nonuser, then adds a VKA at year 1 and switches to a DOAC at
year 3. Following the lag period, patient C contributes person-time to the drug switcher category starting at year 4 of follow-up, and contributes
an event to the drug switcher group at year 5. Finally, patient D enters the cohort using a VKA, but discontinues use at year 2. However, patient D
is considered exposed to VKAs for their entire 5-year follow-up period. We used a similar exposure definition for the DOAC analysis.
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Supplementary Fig. S2 Study flow chart of patients included in the cohort.
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Supplementary Fig. S3 Restricted cubic spline of cumulative duration of
vitamin K antagonist use. Smooth restricted spline curve of adjusted hazard
ratio for cancer overall (solid line) and 95% confidence limits (dashed lines)
as a function of cumulative duration of vitamin K antagonist use.

Supplementary Fig. S4 Restricted cubic spline of cumulative dura-
tion of direct oral anticoagulant use. Smooth restricted spline curve of
adjusted hazard ratio for cancer overall (solid line) and 95% confidence
limits (dashed lines) as a function of cumulative duration of direct oral
anticoagulant use.

Supplementary Fig. S5 Restricted cubic spline of time since vitamin K
antagonist initiation. Smooth restricted spline curve of adjusted hazard
ratio for cancer overall (solid line) and 95% confidence limits (dashed lines)
as a function of time since vitamin K antagonist initiation.

Supplementary Fig. S6 Restricted cubic spline of time since direct oral
anticoagulant initiation. Smooth restricted spline curve of adjusted hazard
ratio for cancer overall (solid line) and 95% confidence limits (dashed lines)
as a function of time since direct oral anticoagulant initiation.
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Supplementary Fig. S7 Persistence to original treatment course. Kaplan–Meier curve illustrating the time to discontinuation for new users of
VKAs and DOACs in the head-to-head comparison.

Supplementary Method 1: Multiple
Imputation

To account for variables with missing information, including
body mass index and smoking status, we used multiple
imputation methods.1,2 To impute the missing value, an
ordinal regression model was used with explanatory varia-
bles and cumulative hazard3; used VKAs or DOACs at cohort
entry and all confounders listed in the manuscript. To esti-
mate the value of the missing variable, results from five
imputations were pooled together using Rubin’s rules.4
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Supplementary Method 2: Marginal
Structural Modeling

To address the possibility of time-dependent confounding, we
repeated the analysis using a marginal structural Cox propor-
tional hazards model.1,2 Using two pooled logistic regression
models (numerator and denominator of the stabilized inverse-
probability-of-treatment weights [IPTWs]), we estimated the
conditional probability of being exposed to VKAs and DOACs
given previous treatment history in the 30 days prior. The
numerator model included baseline covariates (listed in the
manuscript) and follow-up time, and the denominator model
includedcovariates (listed in themanuscript)measuredateach
30-day interval and follow-up time. Follow-up was modeled
using a restricted cubic spline with five knots to avoid biases
from the linearity assumption.3 We used similar methods to
estimate inverse probability of censoring weights (IPCWs).
Thus, using predicted probabilities from treatment and cen-
soring models, we calculated stabilized IPTW and IPCW for
eachpatient. The productof theseweightswasused to reweigh
the cohort, in which we estimated the hazard ratios of cancer
associated with the use of VKAs and DOACs, with 95% confi-
dence intervals calculated using robust variance estimators.2
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