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ABSTRACT
Objective: Venous thromboembolism (VTE) may be a
marker of occult cancer in the general population.
While liver disease is known to increase the risk of VTE
and cancer, it is unclear whether VTE in patients with
liver disease is also a marker of occult cancer.
Design: A population-based cohort study.
Setting: Denmark.
Participants: We used population-based health
registries to identify all patients with liver disease in
Denmark with a first-time diagnosis of VTE (including
superficial or deep venous thrombosis and pulmonary
embolism) during 1980–2010. Patients with non-
cirrhotic liver disease and patients with liver cirrhosis
were followed as two separate cohorts from the date of
their VTE.
Measures: For each cohort, we computed the
absolute and relative risk (standardised incidence ratio;
SIR) of cancer after VTE.
Results: During the study period, 1867 patients with
non-cirrhotic liver disease and 888 with liver cirrhosis
were diagnosed with incident VTE. In the first year
following VTE, the absolute risk of cancer was 2.7%
among patients with non-cirrhotic liver disease and
4.3% among those with liver cirrhosis. The SIR for the
first 90 days of follow-up was 9.96 (95% CI 6.85 to
13.99) among patients with non-cirrhotic liver disease
and 13.11 (95% CI 8.31 to 19.67) among patients with
liver cirrhosis. After 1 year of follow-up, SIRs declined,
but remained elevated in patients with non-cirrhotic liver
disease (SIR=1.50, 95% CI 1.23 to 1.81) and patients
with liver cirrhosis (SIR=1.95, 95% CI 1.45 to 2.57).
Conclusions: VTE may be a marker of occult cancer in
patients with liver disease.

INTRODUCTION
There is strong evidence that venous
thromboembolism (VTE), including deep
venous thrombosis (DVT) and pulmonary
embolism (PE), occurs as a complication of
cancer,1 2 and that it may also be a marker of
occult cancer.3–6

Several studies have reported a twofold to
fourfold increased 1-year risk of cancer
among patients diagnosed with DVT or PE,
compared with the general population.3–6 In
these studies, the relative risk for cancer in
the second and subsequent years after the
VTE event declined to 1.1–1.4.3–6 A recent
population-based study showed that patients
diagnosed with superficial venous thrombosis
(SVT) also have a higher than expected
occurrence of cancer.5

VTE in patients with liver disease is an
increasingly recognised clinical challenge.7

Previous studies have shown that liver
disease increases the risk of VTE,8–11 and

Summary box

What is already known about this subject?
▸ Venous thromboembolism (VTE) may be a

marker of cancer.
▸ Liver disease is a risk factor for VTE and cancer.
▸ It is not clear if VTE is a marker of cancer

among patients with liver disease.

What are the new findings?
▸ VTE in patients with liver disease may be a

marker of cancer.
▸ Among patients with liver disease with VTE, the

observed number of cancers was 10–13 times
higher than expected for the first 90 days of
follow-up, compared with the general
population.

▸ Our data suggest that 37 patients with non-
cirrhotic liver disease and 23 patients with liver
cirrhosis diagnosed with VTE would need to be
worked up in order to detect one additional
cancer within 1 year following VTE.

How might it impact on clinical practice in
the foreseeable future?
▸ The study highlights the importance of a diag-

nostic workup for cancer in patients with liver
disease presenting with VTE.
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that patients with liver disease have a twofold increased
lifetime risk of all cancers compared to the general
population.12–16 In particular, patients with liver cirrhosis
and an initial negative screening exam for liver cancer
have an estimated 1-year incidence of hepatocellular car-
cinoma and extrahepatic cancer of 1.2% and 2.2%,
respectively.14 However, to the best of our knowledge, it
remains unknown whether VTE is a marker of occult
cancer in patients with liver disease.
We therefore conducted the present study to examine

if patients with liver disease diagnosed with VTE have a
higher occurrence of cancer than the general
population.

METHODS
This cohort study was conducted within the setting of
the entire Danish population. During the study period
(1 January 1980 to 31 December 2010), the total popula-
tion count was 7.9 million persons. The National Health
Service provides tax-funded medical care for all Danish
residents. Since 1968, a unique personal registration
number has been assigned to every Danish resident at
birth or on immigration, which allows unambiguous
linkage between registries.17

Study population
The Danish National Patient Register (DNPR), estab-
lished in 1977, contains discharge diagnoses from
Danish hospital departments.18 Hospital outpatient and
emergency room visits have been included since 1995.
Information recorded in the DNPR includes patients’
personal registration number, dates of hospital admis-
sion and discharge, surgical procedures and up to 20
discharge diagnoses, classified according to the
International Classification of Diseases, 8th revision
(ICD-8) until 31 December 1993, and 10th revision
(ICD-10) thereafter.18 The discharge diagnoses are
coded as primary or secondary, according to the reason
for admission.18 We used the DNPR to identify patients
with a first-time inpatient or outpatient diagnosis of VTE
during the study period, including both primary and
secondary diagnoses. VTE events included a lower-limb
SVT, a lower-limb DVT and PE. Since improvements in
diagnosing VTE and cancer using ultrasound, computed
tomographic scans and other technologies occurred
during the study period, we categorised patients by diag-
nosis date, that is, diagnosis before versus after 31
December 1993. This corresponds with the date that the
ICD-10 replaced the ICD-8.
We excluded patients who were diagnosed with VTE

in the emergency room without a subsequent inpatient
diagnosis, since the working diagnoses used in that
setting have a positive predictive value of only 31%.19 We
also excluded all patients with a cancer diagnosis other
than non-melanoma skin cancer and dysplasia or carcin-
oma in situ of the uterine cervix before the date of VTE
diagnosis.

The study population was then further restricted to
patients with VTE with a recorded diagnosis of liver
disease before or during the same hospital contact in
which VTE was diagnosed. Two patient cohorts were
then established based on liver disease severity: patients
with non-cirrhotic liver disease and patients with liver
cirrhosis.10 Non-cirrhotic liver disease encompassed all
liver diseases except liver cirrhosis, for example, viral
hepatitis, alcoholic hepatitis, non-alcoholic fatty liver
disease and autoimmune hepatitis. Patients coded with
both non-cirrhotic liver disease and liver cirrhosis before
their VTE event were included in the liver cirrhosis
cohort. The duration of liver disease before the VTE
event was calculated as the time between the first diag-
nosis of non-cirrhotic liver disease or liver cirrhosis and
the date of VTE diagnosis.

Covariates
We used the DNPR to ascertain the presence of the fol-
lowing conditions: fracture, trauma, surgery, childbirth,
or pregnancy recorded in the 90 days before the VTE
event, or a previous hospital diagnosis of obesity, inflam-
matory bowel disease or psychiatric disorder (as a
marker of antipsychotic drug use) at any time before or
during the hospital contact for VTE.20 Patients with at
least one of the conditions listed above were classified as
having risk factors for VTE.20 Patients with none of the
above diagnoses were considered to be without risk
factors for VTE other than liver disease. We also cate-
gorised patients according to the presence/absence of
alcoholism-related disease codes in the DNPR, that is,
alcohol abuse or alcoholism-related diseases other than
alcoholic liver disease.

Cancer outcomes
To identify cancer outcomes, all members of the two
patient cohorts were linked to the Danish Cancer
Registry, which has recorded incident cancers in
Denmark since 1943.21 We searched for all cancers
(excluding non-melanoma skin cancer and dysplasia or
carcinoma in situ of the uterine cervix) using ICD-10
codes.13 The ICD codes used in this study are provided
in the online supplementary appendix.

Statistical analysis
In the primary analysis, patients were followed from
their date of VTE diagnosis until a cancer diagnosis,
death or 31 December 2011, whichever came first. The
follow-up time was classified into the following periods:
0–1 year, 1+ years and total follow-up. The first year after
VTE was further classified into two periods: 0–90 days
and 91–365 days.
We calculated absolute risks (or cumulative incidence)

for all cancers, treating death as a competing risk.22 We
also calculated the inverse of the absolute risk for the
first year of follow-up, in order to quantify the number
of patients with VTE with liver disease that would need a
diagnostic workup in order to detect one additional
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cancer,23 assuming that this workup would identify all
occult cancers detectable within 1 year after VTE
diagnosis.
We then used national cancer incidence rates to

compute the expected number of cancer cases according
to gender, age and year of diagnosis. Multiplying the
number of person-years at risk by the incidence rates
yielded the number of cancer cases expected, if patients
with VTE and liver disease had the same risk of cancer as
the general population. Next, we calculated the standar-
dised incidence ratio (SIR)—the ratio of the observed
number of cancers to the expected number of cancers—
as a measure of relative risk of cancer after VTE diagnosis
in patients in the two cohorts. CIs for SIRs were computed
assuming that the observed number of cases in a specific
category followed a Poisson distribution.22 When the
observed number was less than 10, the exact 95% CIs were
used; otherwise Byar’s approximation was used.22 In add-
ition to the risk of any cancer, we also computed SIRs for
the selected cancers.
We examined the impact of non-cirrhotic liver disease

and liver cirrhosis on cancer risk after VTE among
patient subgroups. Our approach was to compute SIRs
in different subgroups classified according to the type of
VTE event (SVT, DVT, PE), gender, age group
(<60 years, 60+ years), period of VTE (1980–1993, 1994–
2010), presence/absence of alcoholism-related disease,
and presence/absence of risk factors for VTE.
Finally, we performed a secondary analysis in which we

excluded patients who were diagnosed with cancer
within 30 days after their VTE diagnosis. The purpose of
this analysis was to avoid including VTEs that were
detected after diagnostic workup in patients suspected
to have cancer.
All statistical analyses were conducted using the SAS

statistical software package, V.9.2 (SAS Institute, Cary,
North Carolina, USA). The study was approved by the
Danish Data Protection Agency, record number
2011-41-5809. Data obtained from Danish registries are
generally available to researchers, and their use does not
require informed consent.

RESULTS
Descriptive data
We identified 2755 patients with liver disease with a first-
time VTE diagnosis (table 1).
Among these patients, 1867 (68%) had non-cirrhotic

liver disease (median follow-up after VTE diagnosis:
4.2 years), and 888 (32%) had liver cirrhosis (median
follow-up after VTE diagnosis: 1.3 years). Median age
was 53 years among patients with non-cirrhotic liver
disease and 62 years among patients with liver cirrhosis.
In both cohorts, the largest group of patients had DVT,
followed by PE, and then SVT.
The majority of patients were diagnosed with VTE in the

period 1994–2011: 1501 (80%) patients with non-cirrhotic
liver disease and 553 (62%) of those with liver cirrhosis.

More than 50% of patients in both cohorts were male and
had at least one risk factor for VTE other than liver
disease. Among patients with non-cirrhotic liver disease,
322 (17%) had alcoholic hepatitis, 593 (32%) had viral
hepatitis, 163 (9%) had fatty liver disease, and 789 (42%)
had other non-cirrhotic liver diseases. Furthermore, 503
(27%) patients had a history of non-cirrhotic liver disease
of less than 1 year at the time of VTE diagnosis, 455 (24%)
patients had a history from 1 to 5 years, and 909 (49%)
had a history longer than 5 years. Among patients in the
liver cirrhosis cohort, 422 (48%) were diagnosed with alco-
holic liver cirrhosis, 39 (4%) with primary or secondary
biliary cirrhosis, and 427 (48%) with other or unspecified
cirrhosis. A total of 327 (37%) patients had a history of
liver cirrhosis of less than 1 year at the time of VTE diagno-
sis, 269 (30%) had a history from 1 to 5 years, and 292
(33%) had a history longer than 5 years.

Cancer risk
During follow-up after VTE diagnosis, 158 cancers were
diagnosed among patients with non-cirrhotic liver
disease and 88 among those with liver cirrhosis.

Table 1 Characteristics of patients with venous

thromboembolism and liver disease

Variable

Patients with

non-cirrhotic

liver disease

and VTE

N=1867

Patients

with liver

cirrhosis

and VTE

N=888

Median age, years 53 62

Superficial venous

thrombosis

50 57

Deep vein thrombosis 49 59

Pulmonary embolism 63 67

Median follow-up time

(IQR), years

4.20

(1.30–8.40)

1.28

(0.09–4.32)

Person-years at risk, total 10 539 2794

Male, n (%) 1027 (55) 519 (58)

Type of VTE, n (%)

Superficial venous

thrombosis

149 (8) 68 (8)

Deep vein thrombosis 1183 (63) 477 (54)

Pulmonary embolism 535 (29) 343 (39)

Period of VTE diagnosis, n (%)

1980–1993 366 (20) 335 (38)

1994–2010 1501 (80) 553 (62)

Risk factors for VTE*, n (%)

Absent 776 (42) 424 (48)

Present 1091 (58) 466 (52)

Alcoholism-related

disease, n (%)

421 (23) 388 (44)

*Patients with at least one of the following conditions: fracture,
trauma, surgery, childbirth or pregnancy diagnosed in the 90 days
before VTE admission or a previous hospital diagnosis of obesity,
inflammatory bowel disease or psychiatric disorder (as a marker of
antipsychotic drug use) at any time before or during the hospital
contact for VTE.
VTE, venous thromboembolism.
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Corresponding absolute risks were 14.7% (overall
follow-up time: 31.7 years) and 13.1% (overall follow-up
time: 24.8 years), respectively (figure 1). The SIR was
1.88 (95% CI 1.60 to 2.19) for patients with non-
cirrhotic liver disease, and 2.78 (95% CI 2.23 to 3.42)
for patients with liver cirrhosis (tables 2 and 3).
In both cohorts, cancer risk was higher in the first

year of follow-up than in the second and subsequent
years. The 1-year absolute risk of cancer was 2.7% for
patients with non-cirrhotic liver disease and 4.3% for
patients with liver cirrhosis (figure 1). According to
these results, 37 patients with non-cirrhotic liver disease
with a VTE event or 23 patients with liver cirrhosis with
a VTE event would need to receive diagnostic workup in
order to detect one cancer within the first year following
their VTE. During the first year of follow-up, cancer SIRs
were markedly increased both among patients with non-
cirrhotic liver disease (SIR=4.08 (95% CI 3.03 to 5.38))
and among patients with liver cirrhosis (SIR=6.32 (95%
CI 4.47 to 8.68)). This increased risk stemmed mainly
from cancers detected during the first 90 days after the
VTE event; for patients with non-cirrhotic liver disease,
the 90-day SIR was 9.96 (95% CI 6.85 to 13.99), and for
patients with liver cirrhosis the 90-day SIR was 13.11
(95% CI 8.31 to 19.67) (tables 2 and 3).
After the first 90 days, the SIR decreased considerably

in both study cohorts. Still, the 91 to 365 days SIR was
1.90 (95% CI 1.11 to 3.05) among patients with non-
cirrhotic liver disease and 3.52 (95% CI 1.97 to 5.81)

among patients with liver cirrhosis. Beyond 1 year of
follow-up, the risk of cancer remained 1.5 and 2 times
increased among patients with non-cirrhotic liver disease
and among those with liver cirrhosis, respectively.

Subgroup analysis
All types of VTE were associated with a subsequently
increased overall risk of cancer. However, while DVT and
PE were associated with a markedly increased cancer
risk in the first 90 days of follow-up, risk estimates for
SVT were not available or were very imprecise due to the
low number of events. Moreover, the risk of cancer after
VTE remained increased in different patient subgroups
(tables 2 and 3). In both cohorts of patients, the 90-day
SIR was higher among men than women, and also
among patients without risk factors for VTE, compared
with those with risk factors other than liver disease
(tables 2 and 3).
The markedly increased risk during the first year was

mainly due to the higher than expected occurrence of,
in particular, liver and biliary cancers. However, we also
found an increased SIR of other GI cancers, lung, brain
and nervous system cancers than expected, though
based on small numbers with limited precision (see
online supplementary table S1).

Secondary analysis
In the secondary analysis excluding patients diagnosed
with cancer within 30 days after the date of VTE (n=17

Figure 1 Cumulative incidence for all cancers among patients with liver disease following venous thromboembolism (VTE).
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Table 2 Standardised incidence ratios with 95% CIs of cancer diagnosed among 1867 patients with venous

thromboembolism and non-cirrhotic liver disease

0–90 days 91–365 days 1+ years Overall

O SIR (95% CI) O SIR (95% CI) O SIR (95% CI) O SIR (95% CI)

All patients 33 9.96 (6.85 to 13.99) 17 1.90 (1.11 to 3.05) 108 1.50 (1.23 to 1.81) 158 1.88 (1.60 to 2.19)

Type of VTE

SVT 1 3.95 (0.10 to 21.98) 2 2.78 (0.34 to 10.04) 9 1.46 (0.67 to 2.77) 12 1.68 (0.87 to 2.93)

DVT 21 10.36 (6.41 to 15.84) 11 1.97 (0.98 to 3.53) 78 1.65 (1.30 to 2.06) 110 2.00 (1.65 to 2.42)

PE 11 10.64 (5.30 to 19.04) 4 11.52 (0.41 to 3.89) 21 1.14 (0.70 to 1.74) 36 1.63 (1.14 to 2.25)

Gender

Male 19 11.20 (6.74 to 17.49) 9 1.99 (0.91 to 3.78) 60 1.53 (1.17 to 1.97) 88 1.94 (1.56 to 2.39)

Female 14 8.66 (4.73 to 14.53) 8 1.82 (0.78 to 3.58) 48 1.46 (1.08 to 1.94) 70 1.80 (1.40 to 2.28)

Age (years)

<60 8 9.98 (4.30 to 19.66) 6 2.52 (0.93 to 5.50) 53 1.63 (1.22 to 2.14) 67 1.88 (1.46 to 2.39)

60+ 25 9.95 (6.44 to 14.69) 11 1.68 (0.84 to 3.00) 55 1.39 (1.05 to 1.81) 91 1.88 (1.51 to 2.30)

Period of VTE diagnosis

1980–1993 4 7.41 (2.02 to 18.98) 2 1.45 (0.18 to 5.23) 34 1.74 (1.21 to 2.44) 40 1.87 (1.33 to 2.54)

1994–2010 29 10.45 (7.00 to 15.02) 15 1.99 (1.11 to 3.28) 74 1.41 (1.11 to 1.77) 118 1.88 (1.56 to 2.25)

Alcoholism-related disease

Yes 5 8.34 (2.70 to 19.44) 0 – 31 2.37 (1.61 to 3.37) 36 2.34 (1.64 to 3.24)

No 28 10.32 (6.85 to 14.91) 17 2.35 (1.37 to 3.77) 77 1.31 (1.03 to 1.63) 122 1.77 (1.47 to 2.12)

Risk factors for VTE*

Absent 17 10.30 (6.00 to 16.49) 10 2.22 (1.06 to 4.08) 56 1.57 (1.18 to 2.03) 83 1.98 (1.58 to 2.45)

Present 16 9.62 (5.50 to 15.62) 7 1.58 (0.63 to 3.26) 52 1.44 (1.07 to 1.89) 75 1.77 (1.40 to 2.22)

*Patients with at least one of the following conditions: fracture, trauma, surgery, childbirth or pregnancy diagnosed in the 90 days before VTE
admission or a previous hospital diagnosis of obesity, inflammatory bowel disease or psychiatric disorder (as a marker of antipsychotic drug
use) at any time before or during the hospital contact for VTE.
DVT, deep vein thrombosis; O, observed; PE, pulmonary embolism; SIR, standardised incidence ratio; SVT, superficial venous thrombosis;
VTE, venous thromboembolism.

Table 3 Standardised incidence ratios with 95% CIs of cancer diagnosed among 888 patients with venous

thromboembolism and liver cirrhosis

0–90 days 91–365 days 1+ years Overall

O SIR (95% CI) O SIR (95% CI) O SIR (95% CI) O SIR (95% CI)

All patients 23 13.11 (8.31 to 19.67) 15 3.52 (1.97 to 5.81) 50 1.95 (1.45 to 2.57) 88 2.78 (2.23 to 3.42)

Type of VTE

SVT 0 – 1 2.51 (0.06 to 13.99) 8 3.02 (1.30 to 5.96) 9 2.83 (1.30 to 5.38)

DVT 13 11.86 (6.31 to 20.28) 12 4.30 (2.22 to 7.52) 31 1.69 (1.15 to 2.40) 56 2.52 (1.90 to 3.27)

PE 10 19.17 (9.18 to 35.26) 2 1.87 (0.23 to 6.75) 11 2.35 (1.17 to 4.21) 23 3.67 (2.33 to 5.51)

Gender

Male 16 15.78 (9.02 to 25.63) 9 3.73 (1.71 to 7.09) 34 2.22 (1.54 to 3.10) 59 3.15 (2.40 to 4.06)

Female 7 9.44 (3.79 to 19.46) 6 3.25 (1.19 to 7.09) 16 1.55 (0.88 to 2.51) 29 2.24 (1.50 to 3.22)

Age (years)

<60 6 16.56 (6.08 to 36.11) 2 2.01 (0.24 to 7.25) 26 2.31 (1.51 to 3.39) 34 2.70 (1.87 to 3.77)

60+ 17 12.21 (7.11 to 19.55) 13 3.99 (2.12 to 6.82) 24 1.66 (1.07 to 2.48) 54 2.83 (2.13 to 3.69)

Period of VTE diagnosis

1980–1993 11 21.36 (10.65 to 38.22) 5 4.44 (1.44 to 10.34) 18 1.77 (1.05 to 2.79) 34 2.87 (1.99 to 4.02)

1994–2010 12 9.68 (5.00–16.91) 10 3.19 (1.53 to 5.88) 32 2.07 (1.41 to 2.92) 54 2.72 (2.04 to 3.55)

Alcoholism-related disease

Yes 9 13.99 (6.41 to 26.58) 2 1.23 (0.15 to 4.43) 2.01 (1.23 to 3.10) 31 2.53 (1.72 to 3.60)

No 14 12.60 (6.88 to 21.14) 13 4.95 (2.63 to 8.46) 30 1.91 (1.29 to 2.73) 57 2.93 (2.22 to 3.80)

Risk factors for VTE*

Absent 14 16.49 (9.01 to 27.68) 7 3.33 (1.33 to 6.85) 28 2.14 (1.42 to 3.09) 49 3.05 (2.26 to 4.03)

Present 9 9.93 (4.55 to 18.87) 8 3.72 (1.60 to 7.32) 22 1.75 (1.10 to 2.65) 39 2.50 (1.78 to 3.41)

*Patients with at least one of the following conditions: fracture, trauma, surgery, childbirth or pregnancy diagnosed in the 90 days before VTE
admission or a previous hospital diagnosis of obesity, inflammatory bowel disease or psychiatric disorder (as a marker of antipsychotic drug
use) at any time before or during the hospital contact for VTE.
DVT, deep vein thrombosis; O, observed; PE, pulmonary embolism; SIR, standardised incidence ratio; SVT, superficial venous thrombosis
VTE, venous thromboembolism.
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for patients with non-cirrhotic liver disease and n=15
for patients with cirrhotic liver disease), the SIRs for
cancer during the entire follow-up period were 1.70
(95% CI 1.43 to 2.00) and 2.35 (95% CI 1.84 to 2.96)
for the remaining patients with non-cirrhotic and cir-
rhotic liver disease, respectively. In the first 90 days
after VTE, the SIR for cancer was 7.48 (95% CI 4.27 to
12.15) among patients with non-cirrhotic liver disease
and 7.28 (95% CI 3.14 to 14.34) among patients with
liver cirrhosis.

DISCUSSION
In this population-based cohort study of 2755 patients
with liver disease with VTE, we found an increased risk
of a cancer diagnosis subsequent to a VTE event. The
1-year absolute cancer risk was higher in patients with
liver cirrhosis than in patients with non-cirrhotic liver
disease. Similarly, we found higher relative risks among
patients with liver cirrhosis than among patients with
non-cirrhotic liver disease, compared with the general
population. The increased relative risk of cancer was par-
ticularly high during the first 90 days of follow-up after
VTE, but remained elevated during subsequent months.
In particular, the risk for liver and biliary cancers was
markedly increased both in patients with non-cirrhotic
liver disease and in patients with liver cirrhosis.
To the best of our knowledge, this is the first study to

investigate cancer risk in patients with liver disease and
VTE. Our finding of an overall increased risk of cancer
in patients with liver disease with VTE is similar to the
cancer risk reported in previous studies of patients hos-
pitalised with VTE in the general population. However,
the SIRs for cancer after the first year of follow-up in
our study were higher than previously reported.3–6 The
finding of an elevated cancer risk beyond 1 year may
reflect the fact that liver disease and associated lifestyle
factors increase cancer risk.13–16 24 Therefore, the
higher SIRs for cancer after the first year of follow-up in
our study, compared to previous studies, may be
explained partially by other risk factors for cancer more
likely to be present among patients with liver disease.25

Our study aimed to clarify the role of VTE as a marker
of occult cancer among patients with liver disease. The
results of this study may increase awareness of the high
risk of cancer in patients with liver disease with a first
episode of VTE. The results suggest that diagnostic
workup for an occult cancer should be individualised
according to underlying patient clinical characteristics.
Moreover, detection of an underlying cancer may not
only have implications for VTE management, including
its treatment, but also lead to diagnosis of cancer at an
earlier stage.26 However, it remains controversial
whether extensive screening for the early detection of
occult cancer after VTE improves prognosis.27–29 The
clinical utility for diagnostic workup for cancer in
patients with liver disease diagnosed with VTE is not
clear because of the poor 5-year survival among those

patients.30 Patients with liver cirrhosis may therefore not
benefit substantially from earlier cancer detection in
terms of improved survival, since they are likely to die of
other comorbidities or cirrhosis-related complications.
The validity of our findings depends on several

factors. The use of population-based registries mini-
mised selection and referral biases and ensured com-
plete follow-up. Registry data on cancer,21 liver diseases31

and comorbidity32 have high positive predictive value
when validated against medical charts. Moreover, the
VTE diagnoses in the DNPR have positive predictive
values of approximately 70–80% when compared with
strict clinical criteria.19 Of note, we included only
patients with SVT diagnosed in the inpatient or out-
patient hospital setting, who may have a higher baseline
risk of cancer than patients diagnosed in general practi-
tioners’ offices. Although the data quality in the registry
of liver disease and VTE diagnosis have been reported
to be high,19 31 the diagnostic accuracy of these diagno-
ses may have improved during the study period.
However, the cancer risk was similar in the two periods.
Both heightened diagnostic effort and the effects of
occult cancer may explain the association in the short
term. However, the increased risk was remarkably persist-
ent many years after a thromboembolic episode.
Therefore, diagnostic bias should not be prominent.
Moreover, if detection bias (ie, a greater likelihood of
detecting cancers during a hospital contact) had
occurred, the period of increased cancer diagnosis
would have been followed by a compensatory deficit. We
did not see such a pattern. Although liver disease has
been reported to be a strong risk factor for cancer, our
data did not allow us to separate the effect of liver
disease, alcohol consumption, smoking and comorbidity
on long-term risk of cancer.33

In summary, our findings indicate that VTE may be a
marker of occult cancer in patients with liver disease. In
particular, patients with liver cirrhosis are at a markedly
increased risk of being diagnosed with cancer during
the first year following a VTE diagnosis.
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