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Abstract

AIms

Patients with atrial fibrillation (AF) treated with oral anticoagulants (OAC) have an increased risk
of bleeding including hematuria. In the general population gross hematuria is associated with
urinary tract cancer. Consequently, we aimed to investigate the potential association between gross

hematuria and urinary tract cancer in anticoagulated patients with AF.
Methods and results

Using Danish nationwide registers, we included Danish AF patients treated with OACs between
2001 and 2016. Non-parametric estimation and semi-parametric absolute risk regression were used

to estimate the absolute risk of urinary tract cancer in patients with- and without gross hematuria.

We included 125,063 AF patients with a median age of 74 years (interquartile range [IQR] 65-80)
and a majority of males (57%). The absolute risk of gross hematuria 12 months after treatment
initiation increased with age ranging from 0.37 % (95% Confidence Interval [CI] 0.31 — 0.42) to
0.85 % (95% CI 0.75 — 0.96) in the youngest and oldest age groups of < 70 years and > 80 years of
age, respectively. The 1-year risk of urinary tract cancer after hematuria ranged from 4.2 % (95%
Cl1 2.6-6.6) to 6.5 % (95% CI 4.6-9.0) for patients in age group > 80 years and 71-80 years,
respectively. Gross hematuria conferred large risk ratios of urinary tract cancer when comparing

patients with- and without hematuria across all age groups.
Conclusion

Gross hematuria was associated with clinically relevant risks of urinary tract cancer in
anticoagulated patients with AF. Thus, underlining the importance of meticulously examining

anticoagulated patients with hematuria.
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Introduction

Patients with atrial fibrillation (AF) are commonly treated with oral anticoagulants (OAC) to
mitigate the risk of thromboembolic complications, but concurrently increasing the risk of
bleeding.! Bleeding complications related to OACs range from nuisance bleedings (e.g. epistaxis,
hemorrhoidal bleeding, bruising) to serious and potentially life-threatening bleeding events, such as
gastrointestinal bleeding and intracranial hemorrhage, and to a lesser extent, gross hematuria.
Existing evidence regarding the safety of OACs has primarily been focused on intracranial- and
gastrointestinal bleedings. Consequently, reports concerning incidence and clinical significance of

gross hematuria are scarce.®

In the general population, gross hematuria is considered a strong marker of potentially malignant
lesions of the urinary tract, and guidelines recommend thorough clinical evaluation of these
patients.*” Reports have indicated that hematuria in patients using antithrombotic agents, including
OACs, could potentially also be associated with yet undiagnosed malignant lesions, especially
bladder cancer.®8! However, these studies are either limited by sample size or not designed for

quantifying absolute risks.

Thus, using a nationwide study population including Danish AF patients treated with OACs we
sought to 1) estimate the risk of gross hematuria and 2) estimate and quantify the 1-year absolute
risk of urinary tract cancer after gross hematuria and compare the risk of cancer to patients without

gross hematuria.
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Methods

Data sources

All the data analyzed and used in the present study were collected from Danish nationwide
administrative and clinical registers. With linkage of these healthcare registers, and a unique
personal identification number assigned to all Danish residents, it is possible to follow individuals
over time with respect to death, emigration, use of prescription medication, and any hospital or
outpatient clinic diagnosis or procedure. The Danish health care system is primarily tax-funded and

the enrollment in the administrative registers is mandatory and do not require patient consent.

We used the following registers and databases; The Danish Civil Registration System containing
information regarding personal identification number, emigration, and date of birth and death. The
Danish National Patient Register (DNPR) holding data on all hospital diagnoses, procedures and
operations coded according to the international classification diseases 10" revision (ICD-10).*2 The
Danish Registry of Medicinal Product Statistics holding information on all medical prescriptions
including the dispensing date, the strength of the drug, and package quantity.® The Danish Cancer
Register containing high-quality data on the incidence of malignancies (and certain precancerous
lesions) in the Danish population including date of diagnosis as well as a range of tumor

characteristics.*

Study population

We included all Danish patients aged between 18 and 100 years with a diagnosis of AF or atrial
flutter (in the following both referred to as AF) between January 1, 2001, and December 31, 2015

and followed them up until December 31, 2016. Patients with a redeemed prescription for any OAC
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(i.e. warfarin, phenprocoumon, rivaroxaban, dabigatran or apixaban) were included on the date of
their first filled OAC prescription after being diagnosed with AF. Edoxaban was not investigated
due to later introduction to the market.™® Patients were excluded at baseline for the following
reasons: not permanently residing in Denmark, any diagnosis of urinary tract malignancy before
study inclusion, or a cystoscopy or urography (computed tomography urography or magnetic
resonance urography) within two years prior to study inclusion. Furthermore, patients were
excluded if they had a potentially different indication for treatment with OACs than AF. As such,
we excluded patients with a venous thromboembolic event within six months prior to study

inclusion or hip/knee surgery within five weeks prior to study inclusion.

Comorbidity and concomitant medication

Patient comorbidities were defined using primary or secondary hospital diagnoses (ICD-10)
identified from any hospital and outpatient clinic contacts in a period of five years prior to study
inclusion. We included the following comorbidities: diabetes mellitus, previous bleeding episodes
including previous episodes of gross hematuria, chronic kidney disease, chronic obstructive
pulmonary disease, previous diagnosis of cancer, ischemic heart disease, congestive heart failure,
and ischemic stroke. Diabetes mellitus was defined using prescription fillings for medication

specific for treatment of diabetes mellitus. (Supplementary Table 1)

Concomitant medical therapy was defined as prescriptions filled at any pharmacy in Denmark in a
period of 180 days prior to study inclusion. We included treatment with the following drugs:
adenosine diphosphate receptor inhibitors, dipyridamole agents, nonsteroidal anti-inflammatory
drugs, acetylsalicylic acid, beta-blockers, calcium-channel antagonists, renin-angiotensin-system

inhibitors, loop-diuretics, glucocorticoids, and non-loop diuretics. (Supplementary Table 2)
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Exposure and outcome variables

The exposure of interest in the study was a diagnosis of gross hematuria. We defined gross
hematuria using diagnostic codes (ICD-10) from either hospital admissions or referrals to outpatient
clinics in the DNPR. The primary study outcome was a diagnosis of urinary tract cancer (kidney,
renal pelvis, ureter, bladder, urethra) or carcinoma in situ identified in the Danish Cancer Register.
Stage Ta tumors in the upper and lower urinary tract were considered benign and not included in the
study. Furthermore, we investigated a secondary outcome of a performed endoscopic investigation

of the urinary tract defined using procedure codes in the DNPR. (Supplementary Table 1)

Statistical methods

Absolute risks of gross hematuria after OAC initiation were estimated non-parametrically (Aalen-
Johansen estimator) in age groups accounting for the competing risk of death. Moreover, the risk of

hematuria was also investigated by the concomitant treatment with platelet inhibitors at baseline.

For each age group, we estimated the 1-year risk of urinary tract cancer for two groups of patients
for every month during follow-up (t-month): those who have not yet experienced gross hematuria
and those who have hematuria precisely at a specific month (t-month) during follow-up. The
absolute risks of urinary tract cancer for patients experiencing hematuria were estimated exactly at
the time of hematuria using a logistic regression model including age group and time since
treatment initiation as covariates modeled via restricted cubic splines. The logistic model was fitted
using inverse probability of censoring weighting to handle both competing risk of death and
censoring.'® Moreover, the absolute risks of cancer for patients with hematuria were also estimated

using a simpler logistic model with age group as the only covariate, thus averaging any potential
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effect of treatment duration. The risk of cancer in patients who had not yet experienced gross
hematuria at t-months was estimated using landmarking and the Aalen-Johansen estimator

accounting for the competing risk of death. This approach has been described in detail previously.'’

Risk ratios of urinary tract cancer comparing patients with- and without gross hematuria were
calculated as the ratios of the estimated risks in each group with 95 % confidence intervals (95%

CI). Cls were estimated using the delta method.

The 1-year probability of having an endoscopy performed after hematuria was estimated with the

same methods as for urinary tract cancer as outcome.

Comparison to hematuria in non AF patients

A supplemental analysis was performed in which we matched the patients with gross hematuria in
our cohort to patients with hematuria from the background population without AF and treatment
with OACs. Patients were matched on sex, age, and calendar year on the day of hematuria. The 1-
year risk of urinary tract cancer after hematuria was estimated for both groups and depicted

graphically.

Adherence to OACs

The study was performed using on-treatment analyses with right censoring of any patient stopping
treatment before experiencing gross hematuria. For defining treatment adherence we relied fully on
prescription filling patterns. Treatment periods were calculated throughout the follow-up by

dividing the number of tablets dispensed with the estimated daily dose, as done previously.!81°
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Ethics

This study was conducted without active participation from study subjects and no approval from an
ethics committee was required according to Danish law. The study is registered and approved by the
data responsible institute (Region Hovedstaden (Approval number: P-2019-358)) in accordance

with the General Data Protection Regulation (GDPR).
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Results

Study population

A total of 125,063 patients were included in the study. (Supplementary figure S1) The median age
of the study population was 74 years (Interquartile Range [IQR] 65-80), with a majority of male
individuals (57%), having a median CHA2DS2-VASc score of 3 (IQR 2-4) and a median
HASBLED score of 2 (IQR 1-3). (Table 1 and Supplementary Table 3) The majority of patients
was treated with vitamin-k antagonists (77%), and to a lesser extent dabigatran (12%), rivaroxaban
(5%), and apixaban (6%). Out of the 29,164 patients included in the study in treatment with a direct
oral anticoagulant, 10,648 (37%) received the drug in a reduced dose. In the cohort, we identified
1900 cases of hematuria and 769 cases of urinary tract cancer during follow-up. The most common
malignant lesions found after hematuria in the anticoagulated AF patients were located to the

bladder (77%), kidney (16%), and renal pelvis (5%). (Supplementary Table 4)

Risk of hematuria

The absolute risk of hematuria after initiation of OACs increased with age group with risk estimates
at 12 months after treatment initiation of 0.37 % (95% C1 0.31 — 0.42), 0.63 % (95% CI 0.56-0.71),
and 0.85 % (95% C1 0.75 — 0.96) in the age groups of < 70 years, 71-80 years, and > 80 years of

age, respectively. (Figure 1)

Differences in the risks of hematuria between age groups did not change when looking beyond 12
months after treatment initiation. (Supplementary figure S2) The risk of hematuria was

accentuated by the use of platelet inhibitors. (Supplementary figure S3)
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Risk of urinary tract cancer

We found no clear indications that the 1-year absolute risk of urinary tract cancer after gross

hematuria was dependent on the time elapsed between OAC initiation and hematuria. (Figure 2)

Assuming the risk does not depend on the time of hematuria, the 1-year risks of urinary tract cancer
estimated at the time of hematuria were 6.0 % (95% CI 3.9-9.1), 6.5 % (95% CI 4.6-9.0), and 4.2 %
(95% CI 2.6-6.6) for patients in age groups <70 years, 71-80 years, and >80 years, respectively.

(Figure 3A)

Conversely, the averaged 1-year risk of urinary tract cancers in patients who have not experienced
hematuria during follow-up was 0.2% (95% C1 0.2-0.2), 0.3% (95% CI 0.2-0.3), and 0.2% (95% CI

0.2-0.2) for AF patients aged < 70 years, 71-80 years, and > 80 years, respectively.

Gross hematuria occurred more frequently in men, however, we found no differences in the 1-year
risk of urinary tract cancer after hematuria between men and women (P = 0.829). (Supplementary

figure S4)

When comparing the 1-year risk of urinary tract cancer after gross hematuria in our cohort to a
matched sample from the background population with gross hematuria without AF and OAC
treatment, we found the risk to be slightly attenuated in OAC treated AF patients. (5.5 % vs. 8.3 %).

(Supplementary figure S5)

Risk ratios

Comparing patients with- and without gross hematuria we found large risk ratios of urinary tract
cancer with risk ratios ranging from 36.3 (95% CI 23.6 — 55.9) to 18.7 (95% CI 11.7 — 29.9) in the

youngest and oldest age groups of < 70 years and > 80 years of age, respectively. (Figure 3B)

12
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Probability of endoscopic investigations after gross hematuria

The 1-year probability of undergoing invasive endoscopic testing after gross hematuria declined
with age but was generally high in all age groups ranging from 86.0% (95% CI to 81.1 - 89.8) to
66.5 % (95% CI 61.6 - 71.1) for age groups < 70 years and > 80 years, respectively.

(Supplementary figure S6)
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Discussion

In this nationwide cohort of AF patients treated with OACs, we observed that 1) The risk of gross
hematuria increased with age, but hospital contact due to hematuria was a relatively uncommon
event (< 1% absolute risk during the first year of treatment). 2) The 1-year risks of urinary tract
cancer after episodes of gross hematuria were relatively high and clinically relevant in all
investigated age groups, bringing further evidence to recommend meticulous clinical examination

of gross hematuria in anticoagulated patients.

Bleeding associated with OACs in AF patients has been extensively studied in both randomized
clinical trials and observational studies with a primary focus on the potentially life-threatening
intracranial hemorrhages and gastrointestinal bleedings with gross hematuria investigated less
intensely.2*® In an older prospective study the authors were unable to find differences in the
occurrence of hematuria between patients treated with OACs and untreated patients.?’ However,
more recent and comprehensive evidence has since ascertained an association between the use of
antithrombotic medications, including OACs, and hematuria.’®?! In our study, the risks of
hematuria increased with age, however, gross hematuria was still relatively uncommon when
comparing to reported risks of gastrointestinal bleeding during OAC treatment.>*® However, it
should be noted that the risk of hematuria seemed to be accentuated by the concomitant use of

platelet inhibitors.

In the general population, gross hematuria is associated with structural lesions of the urinary tract

including malignancies, and current guidelines advocate both non-invasive imaging as well as

invasive testing (endoscopy) irrespective of the use of antithrombotic medications. >~ A few reports
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suggest an increased incidence of urinary tract cancers, especially bladder cancer, in anticoagulated
patients with hematuria. However, the referenced studies were limited by small sample sizes or
were not designed for estimating absolute risks of cancer often necessary for a clinical interpretation
of an association. 81! In the present study, we included Danish AF patients in treatment with OACs
on a nationwide level and found significant absolute risks of malignant lesions associated with
gross hematuria in all the examined age groups. Our data support the notion that in an
anticoagulated AF population, gross hematuria should be considered a strong marker of potential
malignancies of the urinary tract and not merely a consequence of treatment with OACs.
Accordingly, these patients should be offered the same diagnostic procedures as patients naive to
antithrombotic agents. Importantly, it has been reported that patients with gross hematuria are not
always referred from primary care.?? However, reassuringly, we found that the probabilities of

undergoing invasive testing after gross hematuria were high in the context of the present study.

In several referral series from the general population, the probability of urinary tract cancer after
hematuria was reported to be higher (> 10%) than what we currently present (~ 6%). 232* Whether
this disparity is due to referral bias and selection of patients referred for urology or if treatment with
OACs has some influence on the risk of cancer associated with hematuria is unknown. However,
when comparing the risk of cancer after hematuria in our cohort with a matched sample from the
background population without AF and OACs we found OAC associated hematuria to confer a
slightly lower risk of cancer. Nevertheless, the reported risks of cancer after hematuria in

anticoagulated patients were still relatively high and very relevant in a clinical context.

15
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A propensity score-matched study from Korea reported a higher proportion of cancer events
occurring in patients with hematuria during the first months after initiation of treatment with
OACs.® Interestingly, we were not able to reproduce this finding. Whether this is a consequence of
differences in study populations and referral patterns is unknown. Moreover, differences in study

designs makes a direct comparison to our results difficult.

Treatment with OACs often requires complex risk-benefit considerations given the hazards
associated with an increasing bleeding risk. Nevertheless, in patients with a clear clinical indication,
OACs are associated with improved patient outcomes.?® Due to the increasing prevalence of AF,
and the associated treatment with OACs, the management of bleeding complications in AF patients

including gross hematuria is likely to become more frequent in the future.?®

Our findings strongly emphasize that hematuria should not be regarded as merely a consequence of
treatment with OACs, and current guidelines recommending both non-invasive and invasive

diagnostic procedures seem appropriate.®”’

Strengths and limitations

The major limitations of the current study are all inherent to the observational study design. Data on
potential risk factors and clinical variables such as obesity, previous urinary tract infections handled
in primary care, and tobacco use were not available. No biochemical data on international

standardized ratio or hemoglobin were available.

Furthermore, the treatment with OACs was based on prescription filling patterns and adherence to
the drug was assumed when the tablets were available for consumption. The main exposure of the

study (gross hematuria) was based on hospital admissions and outpatient clinic visits. Thus, patients

16
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with gross hematuria without a subsequent hospital contact risk not being included in the study and

our estimates of hematuria occurrence are possibly subject to some degree of underestimation.

However, with a study design using administrative healthcare registers with complete nationwide
coverage, we were generally able to minimize selection bias and able to examine a research
question very difficult to include in a clinical trial. Moreover, using a nationwide cohort, our study
population is more likely to represent the full spectrum of patients treated with OACs encountered
in daily clinical practice contrasting the strict inclusion criteria of clinical trials. The Danish
registers employed are generally of high quality and have been used and validated extensively for

research purposes.?27-31

Conclusion

In this nationwide observational cohort study including all AF patients in Denmark treated with
OACs we were able to describe clinically significant absolute risks of urinary tract cancer
associated with gross hematuria. The present study brings further evidence to support that hematuria
in anticoagulated AF patients should not be dismissed as merely a consequence of treatment with
OACs. Oppositely, all eligible patients should be examined for a potential malignant underlying

cause.
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Figure legends

Figure 1

Absolute risk of gross hematuria after initiation of oral anticoagulants during the first 12 months of
treatment depicted by age groups. The X-axis depicts months in treatment and the y-axis shows the

risk in percentage.

Figure 2

Plots of 1-year absolute risks of urinary tract cancer for patients who have experienced hematuria
in treatment (blue) estimated with cubic restricted splines (knots at quantiles), versus patients who
have not yet experienced hematuria (red). The y-axis depicts absolute 1-year risks of urinary tract
cancer (%) with 95% confidence intervals. The X-axis depicts time in anticoagulation treatment in

months.

Figure 3

A: Forest plot depicting the absolute 1-year risk of urinary tract cancer in patients with gross
hematuria, estimated at the time of hematuria, averaged over time in anticoagulation treatment. The
X-axis depicts absolute 1-year risks of urinary tract cancer in percentage with 95 % confidence

intervals with age groups on the y-axis.
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B: Forest plot depicting the risk ratios of urinary tract cancer between patients with- and without
gross hematuria by age group. The x-axis illustrates the risk ratios with 95% confidence intervals

with age groups on the y-axis.
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Table 1

Baseline characteristics N = 125,063
Male sex (%) 70,889 (57)
Age (median [IQR]) 74 (65-80)

Comorbidity
Heart failure (%) 22,612 (18)
Ischemic heart disease (%) 18,939 (15)
Ischemic stroke (%) 18,682 (15)
Previous cancer (%) 11,360 (9)
COPD (%) 13,619 (11)
Diabetes Mellitus (%) 14,745 (12)
Chronic kidney disease (%) 4802 (4)
Previous bleeding episodes (%) 8018 (7)
Previous hematuria (%) 538 (0.4)
CHA2DS;-VASC (%)
0-1 19,996 (16)
2 23,760 (19)
3 28,944 (23)
>3 52,363 (42)

Medication
Vitamin-K antagonist (%) 95,899 (77)
Dabigatran (%) 14,643 (12)
Rivaroxaban (%) 6657 (5)
Apixaban (%) 7864 (6)
Betablocker (%) 84,720 (68)
Calcium Antagonist (%) 38,794 (31)
Dipyrimidole agent (%) 4199 (3)
ASA (%) 53,254 (43)
ADP-inhibitor (%) 8751 (7)
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NSAID (%) 19,758 (16)

Glucocorticoids (%) 10,777 (9)

Abbreviations: IQR, InterQuartile Range; ASA, acetylsalicylic acid; ADP-Inhibitor, Adenosine diphosphate receptor inhibitor; NSAID, Nonsteroidal
anti-inflammatory drugs; OAC, Oral anticoagulant therapy; Gl, Gastrointestinal; COPD: Chronic obstructive pulmonary disease
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Figure 3
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