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Splanchnic venous thrombosis is a marker of cancer and a prognostic
factor for cancer survival
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It is unknown if splanchnic venous thrombosis (SVT) is a marker of occult cancer and
a prognostic factor for cancer survival. Using Danish medical registries, we conducted

e SVT is a marker of occult
cancer, in particular
myeloproliferative neoplasms,
liver cancer, and pancreatic
cancer.

e SVT is a prognostic factor for
short-term survival in patients
diagnosed with liver or
pancreatic cancer.

a nationwide cohort study including all patients with first-time SVT (n = 1191) between
1994 and 2011. We followed the patients for subsequent cancer diagnoses and calculated
absolute risks and standardized incidence ratios (SIRs). We formed a matched compar-
ison cohort of cancer patients without SVT, and assessed the prognostic impact of SVT on
cancer survival by applying the Kaplan—Meier method and Cox regression. We followed
the patients for a median of 1.6 years, and found that SVT was a marker of occult cancer.
The 3-month cancer risk was 8.0% and the SIR was 33 (95% confidence interval, 27-40),
compared with the general population. Increased risk was mainly found for liver cancer
(risk = 3.5%; SIR = 1805), pancreatic cancer (risk = 1.5%; SIR = 256), and myeloprolif-
erative neoplasms (risk = 0.7%; SIR = 764). The overall SIR remained increased twofold
after 1 or more years of follow-up. SVT was also a prognostic factor for survival in patients
with liver and pancreatic cancer. The clinical impact may be a more thorough diagnostic work-up in patients presenting with SVT.

(Blood. 2015;126(8):957-963)

Introduction

Venous thromboembolism may be a marker of occult cancer. Patients
with a lower-limb deep venous thrombosis (DVT) or pulmonary embo-
lism (PE) have a two- to fourfold increased risk of a cancer diagnosis in
the first year after the thromboembolic event, compared with the general
population.'? Recently, a similar association was demonstrated for
superficial venous thrombosis.* Patients, in whom thrombosis occurs
before cancer diagnosis, are more likely to have advanced disease and
higher mortality than cancer patients without venous thromboembolism
at time of diagnosis.” Splanchnic venous thrombosis (SVT) (ie, throm-
bosis of portal veins, hepatic veins [Budd-Chiari syndrome], mesenteric
veins, and/or splenic veins)® also may precede diagnosis of a malignant
neoplasm. A few case reports have described SVT as the first sign of
liver and pancreatic malignancies.”® A meta-analysis of 32 studies,
each including between 10 and 237 patients with portal or hepatic vein
thrombosis (HVT), showed that thrombosis often occurred prior to
diagnosis of myeloproliferative neoplasms. '

The association between SVT and subsequent cancer risk has
never been studied in a population-based setting using a comparison
cohort. Moreover, the prognostic impact of SVT on cancer survival
remains unknown.'' We therefore examined cancer risk after a first-
time SVT diagnosis, compared with cancer risk in the general Danish
population. In addition, we compared survival among cancer pa-
tients with and without SVT. The present study may extend our un-
derstanding of the development of SVT and may have implications
for diagnostic work-up for cancer among patients presenting with
this indication.

Methods

Data sources and study population

The Danish National Health Service provides tax-funded medical care to all
Danish residents and guarantees free access to hospitals and outpatient clinics.'
We used data from the Danish National Patient Registry,'” recorded according
to International Classification of Diseases (ICD) codes (8th and 10th revision).
‘We identified all hospital inpatients and outpatients with a first-time ICD-10 code
of SVT from 1994 through 2011. We retrieved information on comorbidities
characterizing the patients from 1977 onwards, using ICD-8 and ICD-10 codes.
We categorized the patients according to overall comorbidity level, using
diseases included in the Charlson Comorbidity Index.'*'*> We obtained infor-
mation on diagnoses of liver disease (including varices and ascites), pancreatitis,
diabetes, chronic obstructive pulmonary disease (as a proxy for smoking),
venous thromboembolism (ie, DVT and PE), congestive heart failure, and
myocardial infarction (MI) diagnosed at any time before SVT, and information
on surgical procedures performed within 90 days before the thrombosis. We also
retrieved registered abdominal ultrasound and computerized tomography (CT)
scans performed within 30 days before or during the hospital contact with SVT.
Registration of these diagnostic tests is complete since 2002.

Cancer outcomes

To identify patients with cancer, we linked the study cohort (using the patients’
unique personal identification number)'® to the Danish Cancer Registry,'” which
contains data on prospectively recorded incident cancers diagnosed in Denmark
since 1943, including month and year of diagnosis, and information on cancer
stage at diagnosis. We searched for all cancer diagnoses, myeloproliferative
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neoplasms (including polycythemia vera, primary myelofibrosis, and essential
thrombocytemia), and myelodysplastic syndromes (MDS).'® We excluded
patients diagnosed with cancer (except for nonmelanoma skin cancer), my-
eloproliferative neoplasm, or MDS before the diagnosis date of SVT.

In the prognostic analysis, we examined survival among patients in our
cohort who were later diagnosed with liver cancer, pancreatic cancer, or
myeloproliferative neoplasm, and compared this with survival among matched
cancer patients without SVT. We used the Danish Cancer Registry to identify up
to five comparisons for each patient, matched by cancer type and stage (except for
myeloproliferative neoplasm as there is no standard staging system), sex, age
(5-year intervals), and year of diagnosis (5-year intervals).

All diagnosis codes and variable categorizations used are provided in the
supplemental Appendix, available on the Blood Web site.

Statistical analysis

Descriptive data are presented as frequencies or as median values with
interquartile ranges (IQRs). We followed each patient from date of first diagnosis
of SVT until date of cancer diagnosis, emigration, death, or December 31, 2011,
whichever came first.

We computed the absolute risk (cumulative incidence) of cancer in patients
with a SVT diagnosis, treating death as a competing risk. Standardized incidence
ratios (SIRs) (with 95% confidence intervals [CIs]) were used as a measure of
relative risk, comparing cancer incidence observed among patients with SVT
with that expected based on national cancer incidence rates by age, sex, and
calendar year. SIRs were stratified by: patient characteristics, type of thrombosis,
primary and secondary diagnoses, covariates, and cancer stage. We repeated the
analyses for the subgroup of patients who had an ultrasound or CT scan within
30 days before or during their hospital contact with SVT.

The survival analysis was restricted to the most frequent cancers in the study
cohort. We characterized the patients according to diseases occurring before their
cancer diagnosis.

We summarized survival of cancer patients, by constructing Kaplan—Meier
survival curves. We used Cox proportional hazard regression to compare risk of
death among cancer patients with and without SVT, by computing mortality rate
ratios and associated 95% Cls (adjusting for cancer type and stage, sex, age, and
year of diagnosis).

All statistical analyses were conducted using the SAS statistical software
package, version 9.2 (SAS Institute, Cary, NC). The study was approved by the
Danish Data Protection Agency, record #1-16-02-1-08. Danish registry data are
generally available to researchers. According to Danish law, the use of registry
data for research purposes does not require informed consent.

Results
Risk analysis

Patient characteristics. We identified 1191 patients with SVT;
924 (78%) had portal vein thrombosis (PVT), 141 (12%) had HVT, and
126 (10%) had mesenteric thrombosis. Median age was 61 years (46-74
years) and 52% were men. Nearly all patients, 1026 (86%) received
their thrombosis diagnosis during a hospital admission, whereas only
165 (14%) were diagnosed in an outpatient clinic.

The majority of patients in our cohort had a moderate (34%) or severe
(23%) level of comorbidity. In particular, we found a high prevalence of
liver disease (20%), diabetes (15%), heart disease (15%), and previous
pancreatitis (12%). In addition, 33% of the patients had undergone
a surgical procedure less than 90 days prior to their thrombotic event
(Table 1). Information on cancer stage was available for 111 (74%) of
the 150 patients with nonhematologic cancers. Of these, 52 (47%) had
localized cancer and 59 (53%) had regional spread or distant metastasis.

Overall cancer risk. During median follow-up of 1.6 years
(IQR, 0-5 years), we identified 183 incident cancers, corresponding
to an overall SIR of cancer of 4.2 (95% CI, 3.6-4.9). The majority of
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Table 1. Characteristics and SIRs for cancer in 1191 patients
diagnosed with SVT from 1994 to 2011 in Denmark

Patients, Observed
N (%) cancers, N SIR (95% CI)

i. All patients 1191(100) 183 4.2 (3.6-4.9)

Women 567 (48) 77 4.1 (3.2-5.1)

Men 624 (52) 106 4.3 (3.5-5.2)
Age group (y)

<40 213 (18) 22 9.5 (5.9-14)

41-64 479 (40) 86 4.5 (3.6-5.6)

65+ 499 (42) 75 3.4 (2.7-4.3)
Calendar period

1994-1999 216 (18) 40 3.0 (2.2-4.1)

2000-2005 364 (31) 62 3.7 (2.8-4.7)

2006-2011 611 (51) 81 6.0 (4.8-7.5)
SVT as primary diagnosis 674 (57) 104 3.8 (3.1-4.6)
SVT as secondary diagnosis 517 (43) 79 4.9 (3.9-6.1)
SVT confirmed by ultrasound 624 (71) 107 7.7 (6.3-9.4)

and/or CT scan*
ii. Comorbidity level

Low 512 (43) 88 4.7 (3.8-5.8)

Moderate 401 (34) 63 3.8 (2.9-4.8)

Severe 278 (23) 32 4.0 (2.7-5.6)
Liver disease

Yes 234 (20) 37 6.8 (4.8-9.3)

No 957 (80) 146 3.9 (3.3-4.5)
Pancreatitis

Yes 137 (12) 16 3.2 (1.8-5.2)

No 1054 (88) 167 4.4 (3.7-5.1)
Diabetes

Yes 178 (15) 36 6.1 (4.3-8.5)

No 1013 (85) 147 3.9 (3.3-4.6)
Chronic obstructive pulmonary

disease

Yes 102 (9) 15 6.0 (3.4-9.9)

No 1089 (91) 168 4.1 (3.5-4.8)
Venous thromboembolism

Yes 98 (8) 11 3.2 (1.6-5.8)

No 1093 (92) 172 4.3 (3.7-5.0)
Heart failure or previous MI

Yes 178 (15) 27 4.4 (2.9-6.3)

No 1013 (85) 156 4.2 (3.6-4.9)
Surgical procedure within

previous 90 d

Yes 399 (33) 61 4.9 (3.7-6.3)

No 792 (67) 122 4.0 (3.3-4.7)

*Examination performed 30 days before or during the hospital contact, among
a subgroup of 881 patients diagnosed between 2002 and 2011.

cancers were diagnosed among patients with PVT (n = 161, 88%), with
an overall SIR of 4.7 (95% CI, 4.0-5.5) (Table 2). In total, 21 cancers
(11%) were diagnosed among patients with HVT, corresponding to
an overall SIR of 2.9 (95% CI, 1.8-4.4) (Table 2). One cancer was
diagnosed in a patient with mesenteric vein thrombosis. During the first
3 months of follow-up, 95 cancers were diagnosed and among these,
53 were diagnosed within the first month. Three-month and 5-year
absolute risks of cancer among SVT patients were 8.0% and 14.8%,
respectively. During the first 3 months of follow-up, the SIR was
33 (95% CI, 27-40); between 3 and 12 months the ratio was 2.7 (95%
CI, 1.6-4.3); and beyond 1 year of follow-up it remained increased
twofold, compared with the risk in the general population (Table 1;
Figure 1).

We observed no difference in cancer risk between men and women.
Although the majority of cancers were diagnosed in patients older than
40 years, the excess risk was more pronounced in patients younger than
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Figure 1. SIRs for cancer overall.
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age 40. The risk of cancer subsequent to SVT increased during the study
period, which likely reflected improved diagnostics with a higher ac-
curacy of diagnoses. Between 1994 and 1999, the SIR was 3.0 (95%
CI, 2.2-4.1) and between 2006 and 2011 it was 6.0 (95% CI, 4.8-7.5).

SVT was the primary reason for the hospital contact for 674
patients (57%). Stratification by thrombosis as the primary vs sec-
ondary reason for admission yielded SIRs of 3.8 (95% CI, 3.1-4.6)
and 4.9 (95% CI, 3.9-6.1), respectively. Patients with liver disease,
diabetes, or recent surgery were at higher risk of cancer than patients
without these diseases or recent surgery (Table 1). In sub-analyses

Time from splanchnic venous thrombosis diagnosis

based on patient characteristics, only chronic obstructive pulmonary
disease modified the SIRs after more than 1 year of follow-up (data
not presented).

Liver and pancreatic cancer. The increased cancer risk during
the first 3 months following an SVT diagnosis stemmed mainly from
excess risk of liver cancer (absolute risk = 3.5%; SIR = 1805 [95% CI,
1295-2448]) and pancreatic cancer (absolute risk = 1.5%; SIR = 256
[95% CI, 149-409]), and occurred in patients with PVT. Although the
prevalence of liver disease in the overall cohort was 20%, it was present
in 50% of the patients diagnosed with liver cancer. Only 4 (20%) of the

Table 2. SIRs for cancer in 1191 patients with SVT, stratified by type of thrombosis

Overall observed cancers and SIRs (95% Cl)

Portal vein Hepatic vein Mesenteric vein

Cancer site thrombosis thrombosis thrombosis Overall
Any 161 7 (4.0-5.5) 21 2.9 (1.8-4.4) 1 0.5 (0.0-2.5) 183 2 (3.6-4.9)
Liver 48 175 (129-232) 0 — 0 — 48 138 (101-182)
Myeloproliferative neoplasms 15 111 (62-184) 8 289 (125-570) 0 — 23 133 (85-200)
Pancreas 19 5 (15-40) 1 6.3 (0.2-35) 0 — 20 1(13-32)
Hodgkin malignant lymphoma 1 3 (0.3-71) 0 — 0 — 1 7 (0.3-54)
Gallbladder or biliary tract 3 8 (3.8-53) 0 — 0 — 3 4 (2.9-41)
Metastases and nonspecified cancer in 4 5 (1.8-17) 1 7.1 (0.2-40) 0 — 5 3 (2.0-15)

lymph nodes
MDS 2 4 (1.7-51) 0 — 0 — 2 1(1.3-38)
Kidney 1 9 (0.1-10.5) 1 10 (0.3-55) 0 — 2 0 (0.4-11)
Leukemia 3 0 (1.0-15) 0 — 0 — 3 9 (0.8-11)
Non-Hodgkin malignant lymphoma 3 8 (0.6-8.2) 1 4.4 (0.1-25) 0 — 4 0 (0.8-7.5)
Lung, bronchi, or trachea 11 3.1 (1.5-5.5) 1 1.5 (0.0-8.3) 0 — 12 7 (1.4-4.7)
Colon 5 2 (0.7-5.1) 1 2.0 (0.1-11) 0 — 6 0 (0.7-4.4)
Breast 4 3 (0.4-3.3) 0 — 1 3.8 (0.1-21) 5 2 (0.4-2.8)
Bladder 8 9 (2.2-9.7) 0 — 0 — 8 9 (1.7-7.7)
Stomach 3 0 (1.2-17.5) 1 9.2 (0.2-52) 0 — 4 3 (1.7-16)
Rectum 0 — 2 7.7 (0.9-28) 0 — 2 3 (0.2-4.5)
Uterus 1 2.0 (0.1-11) 0 — 0 — 1 5 (0.0-8.4)
Prostate 6 1.6 (0.6-3.5) 0 — 0 — 6 3 (0.5-2.9)
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Table 3. SIRs for cancer in 1191 patients with SVT
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Observed cancers and SIRs (95% CI)

Cancer site 0 to <3 months 3 to <12 months 12+ months Overall
Any 95 33 (27-40) 18 7 (1.6-4.3) 70 1 (1.6-2.6) 183 2 (3.6-4.9)
Liver 41 1805 (1295-2449) 5 92 (30-215) 2 4 (0.9-27) 48 138 (101-182)
Myeloproliferative neoplasms 8 764 (329-1505) 3 119 (25-348) 12 88 (45-153) 23 133 (85-200)
Pancreas 17 256 (149-409) 0 — 3 0(0.8-12) 20 1(13-32)
Hodgkin malignant lymphoma 1 172 (4.3-956) 0 — 0 1 7 (0.3-54)
Gallbladder or biliary tract 2 132 (16-476) 1 28 (0.7-155) 0 — 3 4 (2.9-41)
Metastases and nonspecified cancer 86 (28-201) 0 — 0 — 5 3 (2.0-15)
in lymph nodes
MDS 1 75 (1.9-415) 0 — 1 6.8 (0.2-38) 2 1(1.3-38)
Kidney 2 47 (5.6-168) 0 — 0 2 0 (0.4-11)
Leukemia 2 38 (4.6-138) 0 — 1 7 (0.0-9.3) 3 9 (0.8-11)
Non-Hodgkin malignant lymphoma 3} 34 (7.0-99) 0 — 1 9 (0.0-5.3) 4 0 (0.8-7.5)
Lung, bronchi, or trachea 4 13 (3.6-34) 1 1.4 (0.0-8.0) 7 0 (0.8-4.2) 12 7 (1.4-4.7)
Colon 2 9.5 (1.1-34) 1 2.1 (0.1-12) 3 3(0.3-3.8) 6 0 (0.7-4.4)
Breast 1 3.6 (0.1-20) 0 — 4 2(0.3-3.2) 5 2 (0.4-2.8)
Bladder 0 — 2 6.1 (0.7-22) 6 8 (1.4-8.3) 8 9 (1.7-7.7)
Stomach 0 — 1 9.8 (0.3-55) 3 1(1.3-18) 4 3 (1.7-16)
Rectum 0 — 0 — 2 6 (0.2-5.8) 2 3 (0.2-4.5)
Uterus 0 — 1 8.9 (0.2-50) 0 0 1 5 (0.0-8.4)
Prostate 0 — 1 1.6 (0.0-8.7) 5 1.4 (0.4-3.2) 6 3 (0.5-2.9)

20 patients with pancreatic cancer had previous pancreatitis. Of note,
among patients diagnosed with liver cancer with known stage during
the first 3 months following the thrombotic event, 16 had localized
cancer (SIR = 2451 [95% CI, 1400-3981]) and 9 had advanced cancer
(SIR = 1191 [95% CI, 546-2263]). Among patients diagnosed with
pancreatic cancer, 2 had localized cancer (SIR = 227 [95% CI, 27-820])
and 11 had advanced cancer (SIR = 263 [95% CI, 131-470]). We
found a persistent increased cancer risk beyond 3 months of follow-up,
but the estimates were imprecise (Table 3).

Hematologic cancer. The majority of hematologic cancers di-
agnosed in our cohort was myeloproliferative neoplasms, and were
diagnosed among patients with HVT. The absolute risk of a myelopro-
liferative neoplasm diagnosis during the first 3 months was 0.7% and
the SIR was 764 (95% CI, 329-1505) (Table 3). Beyond 1 year of follow-
up, the patients still had a pronounced excess risk of myeloproliferative
neoplasms (SIR = 88 [95% CI, 45-153]). After 5 years of follow-up, the
absolute risk of myeloproliferative neoplasms was 2.2%, and at end of
follow-up it was 3.5%. We also observed an excess risk of lymphoma,

Table 4. Characteristics of 91 patients with SVT before cancer diagnosis and 391 cancer patients without a prior SVT

Cancer type, n (%)

Liver cancer

Pancreatic cancer Myeloproliferative neoplasm

Prior SVT No prior SVT Prior SVT No prior SVT Prior SVT No prior SVT
(n = 48) (n=21) (n = 20) (n = 96) (n = 23) (n = 84)

Female 11 (23) 36 (17) 9 (45) 45 (47) 17 (74) 54 (64)
Male 37 (77) 175 (83) 11 (55) 51 (53) 6 (26) 30 (36)
Median follow-up (IQR), d 76 (38-182) 115 (35-496) 31 (8-63) 97 (39-259) 2196 (1161-3133) 2499 (1699-3026)
Age at cancer diagnosis, y

<40 2 (4) 0 0 0 10 (43) 19 (23)

40-64 23 (48) 96 (45) 12 (60) 56 (58) 11 (48) 55 (65)

65+ 23 (48) 115 (55) 8 (40) 40 (42) 2(9) 10 (12)
Median age (IQR), y 65 (58-72) 66 (60-73) 61 (57-70) 63 (57-72) 42 (34-53) 47 (41-55)
Year of cancer diagnosis

1994-1999 3(6) 10 (5) 0 1(4) 1(1)

2000-2005 16 (33) 67 (32) 3 (15) 25 (26) 10 (44) 41 (49)

2006-2011 29 (61) 134 (63) 17 (85) 71 (74) 12 (52) 42 (50)
Comorbidity level

Low 8 (17) 62 (29) 6 (30) 54 (56) 10 (44) 56 (67)

Moderate 22 (46) 76 (36) 6 (30) 33 (35) 4 (17) 27 (32)

Severe 18 (37) 73 (35) 8 (40) 9(9) 9 (39) 1(1)
Liver disease 32 (67) 81 (38) 4 (20) 1(1) 7 (30) 2(2)
Pancreatitis 2 (4) 7 (3) 5 (25) 6 (6) 1(4) 0
Diabetes 18 (38) 56 (27) 8 (40) 20 (21) 2(9) 2(2)
Chronic obstructive pulmonary disease 4 (8) 25 (12) 4 (20) 12 (13) 0 4 (5)
Heart failure or previous Ml 10 (21) 24 (11) 3 (15) 6 (6) 1(4) 1(1)
Ascites 14 (29) 29 (14) 4 (20) 4 (4) 5 (22) 0
Varices 14 (29) 30 (14) 4 (20) 0 7 (30) 0
Surgical procedure within previous 90 d 35 (73) 100 (47) 15 (75) 50 (52) 15 (65) 13 (15)
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Figure 2. Survival curves for cancer patients with and without SVT. (A-C)
Survival curves for patients with a diagnosis of liver cancer (A), pancreatic cancer
(B), or myeloproliferative neoplasm (C) and SVT, and for a matched comparison
cohort of cancer patients without SVT (matched by cancer type and stage, sex, age
[5-year intervals], and year of diagnosis [5-year intervals]).

leukemia, and MDS during the first 3 months of follow-up. Thereafter,
the risk did not differ from the expected risk (Table 3).

Other cancers. The number of lung, stomach, gallbladder/biliary
tract, and urinary tract cancers observed during follow-up in patients
diagnosed with SVT was higher than expected. The overall risk of
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being diagnosed with these smoking-related cancers was increased
threefold to 14-fold compared with the expected (Table 3). Cancers of
the colon, rectum, breast, uterus, and prostate were only weakly or not
associated with SVT (Table 3).

Patients with ultrasound and/or CT scan-confirmed diagnosis
of SVI. Among the 881 patients diagnosed with SVT after 2002,
624 events (71%) were confirmed by abdominal ultrasound and/or CT
scan. In this subgroup, the overall cancer risk was even higher (7.7
[95% CI, 6.3-9.4]) than for the entire SVT cohort (Table 1). During the
first 3 months of follow-up, the SIR for cancer was 52 (95% CI, 41-66);
between 3 and 12 months of follow-up, the ratio was 4.3 (95% CI,
2.2-7.5); and beyond 1 year of follow-up it remained increased twofold.
The proportion of SVT confirmed by ultrasound or CT scan increased
from 66% in 2002 to 85% in 2011. For patients with a confirmed
diagnosis between 2002 and 2006, the overall cancer SIR was 4.7 (95%
CI, 3.4-6.5), and between 2007 and 2011 it was 12 (95% CI, 9.4-15).

Survival analysis

Characteristics. The survival analyses included 259 patients with
liver cancer, 116 patients with pancreatic cancer, and 107 patients with
myeloproliferative neoplasms. Among these patients, SVT preceded the
cancer diagnosis in 48 (all with PVT), 20 (19 with PVT and 1 with
HVT), and 23 (15 with PVT and 8 with HVT) patients, respectively.
Compared with matched cancer patients without SVT, more patients
diagnosed with SVT before their cancer diagnosis had ahigh comorbidity
level, including liver disease and associated complications, diabetes, and
more had undergone surgical procedures within 90 days (Table 4).

Survival. Patients with liver or pancreatic cancer had a poor
outcome, regardless of presence of SVT before cancer diagnosis
(Figure 2A-B).

The 3-month survival after liver cancer diagnosis was 44% for
patients with and 55% for patients without SVT, corresponding to a
mortality rate ratio of 1.5 (95% CI, 0.9-2.3). After 1 year of follow-up,
thrombosis was still a prognostic factor for liver cancer patients;
survival was 17% among patients with thrombosis and 30% among
patients without thrombosis. At the end of follow-up, the mortality rate
ratio for liver cancer was 1.6 (95% CI, 1.1-2.3).

SVT was also a prognostic factor for patients with pancreatic cancer.
The 3-month survival after pancreatic cancer diagnosis was 35% for
patients with and 53% for patients without SVT, yielding a 3-month
mortality rate ratio for pancreatic cancer of 1.5 (95% CI, 0.8-2.9).
Among patients with pancreatic cancer, SVT was not a prognostic
factor for 1-year survival (15% for patients with and 17% for patients
without thrombosis). The overall mortality rate ratio for pancreatic
cancer was 1.4 (95% CI, 0.8-2.5).

In contrast, patients with myeloproliferative neoplasms had a much
better prognosis (Figure 2C), regardless of the presence of an SVT. Due
to the few deaths among these patients, we did not analyze the impact of
SVT on relative mortality.

Discussion

In this cohort study, we found SVT to be a strong marker of occult cancer.
In particular, we observed a higher incidence of liver cancer, pancreatic
cancer, and myeloproliferative neoplasms than expected during the first
3 months after a PVT or HVT diagnosis. Although excess cancer
occurrence decreased after 3 months, SVT remained a marker of slightly
increased cancer risk during subsequent follow-up, especially for
myeloproliferative neoplasms. SVT was a prognostic factor for short-term
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survival in patients with liver and pancreatic cancer, but did not impact
survival in patients with myeloproliferative neoplasms.

The pathogenesis of cancer-related SVT includes cancer-associated
hypercoagulability, vessel-wall injury (tumor invasion), and stasis
(splanchnic vein compression).'® Our finding of a greatly increased
short-term risk of cancer in patients with SVT may have several
explanations. The substantial fall in risk after 3 months of follow-up
implies that cancer preceded the thrombosis. An unrecognized malig-
nancy likely triggered thrombus formation, and in some patients it may
have been the first sign of cancer. Supporting this assumption, we found
that more patients had SVT registered as the primary, rather than
secondary, reason for their hospital contact. In other patients, the
thrombosis may have been coincidentally detected in the diagnostic
work-up for cancer,!" which could be the case for patients diagnosed
with both diseases during the first month of follow-up. The persistent
increased risk of liver cancer is likely related to underlying diseases
such as liver cirrhosis,” whereas the increased risk of myeloprolifer-
ative neoplasms beyond 1 year of follow-up may indicate that diagnosis
of these neoplasms was delayed.”' We had no information on test
results for the JAK2V617F mutation, but it is possible that the finding of
this mutation was related to diagnosis of myeloproliferative neoplasms
in some patients.'® Alcohol abuse is a risk factor for SVT, but is also
associated with smoking.** Because smoking is a strong risk factor for
cancer,” a combination of alcohol abuse and smoking may be the link
behind the increased risk observed for lung, stomach, and bladder
cancers. The increased risk of cancer during the study period likely
reflects improved diagnostics, with more frequent use of CT scans.

Our study was conducted in a setting in which a national health
service provides unfettered access to health care, allowing us largely to
avoid referral and selection biases.>* Other strengths were our inclusion
of the entire Danish population and complete individual-level follow-
up through access to patients’ full hospital histories, as well as to out-
patient clinic histories since 1994. Whereas diagnoses in the Danish
Cancer Registry generally have high validity, with up to 95% to 98%
completeness and accuracy of recorded diagnoses,'*!” the registration
of SVT in the Danish National Patient Registry has not been validated
previously. We sought to strengthen the validity of SVT diagnoses
by including only those registered with a specific anatomic location
(excluding unspecified abdominal venous thrombosis). Moreover, we
found that the majority (71%) of SVT diagnoses in our cohort were
based on ultrasound examinations or CT scans, and hence were con-
firmed diagnoses. Finally, the use of registry data precluded detailed
information on clinical care of patients.

Screening with abdomino-pelvic ultrasound, CT, or fluoro-2-
deoxy-D-glucose—positron emission tomography combined with CT
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increases the chance of detecting an occult cancer in patients with
venous thromboembolism.>>*¢ The most recent guideline by the
United Kingdom National Institute for Health and Clinical Excellence
(NICE CG144; 2012), recommends considering an abdomino-pelvic
CT scan in patients aged over 40 years presenting with venous throm-
boembolism.>” We speculate if abdominal CT or PET/CT scans should
be mandatory in the diagnostic work-up in patients with SVT.
Nevertheless, proposals for implementing new diagnostic work-up
procedures for occult cancer are only reasonable if they improve
cancer-associated survival and are cost-effective. Based on the
existing literature, screening for occult cancers in patients with
lower-limb DVT and PE may help identify cancers at an early stage,
but does not necessarily improve cancer-related survival.*® How-
ever, the detection of underlying cancer potentially influences the
management of venous thromboembolism,?® as recurrence and
complications are more frequent among cancer patients.*"

In conclusion, we found evidence that SVT is a strong marker of
occult cancer and a predictor of poor prognosis for patients with liver
and pancreatic cancer.
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