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Essentials

* A relationship between unprovoked venous thromboembolism (VTE) and cancer risk was

investigated.

* We collected 27 751 VTE patients and compared them with 110 409 frequency-matched people
without VTE.

* This cohort study showed significantly higher risks of overall and site-specific cancers in VTE group.

* It is particularly true in the first 6 months after VTE, and VTE can be an indicator of occult cancer.

Abstract

Background: We investigated the relationship between unprovoked venous
thromboembolism (VTE) and subsequent cancer risk in Taiwan, focusing on both short-and

long-term cancer developments.

Methods: For the case group, we obtained data on 27,751 patients diagnosed with
unprovoked VTE between January 1, 1998, and December 31, 2008. For the comparison
group, 4 people without unprovoked VTE were frequency-matched with each unprovoked
VTE patient according to age, sex, and index year. Cox proportional hazards regression

models were employed to determine the effects of unprovoked VTE on cancer risk.

Results: Overall cancer risk was significantly higher among the unprovoked VTE group than
the comparison group (adjusted hazard ratio = 2.26, 95% confidence interval=2.16-2.37).
The increased risk was observed in both men and women in various age groups. The
patients in the unprovoked VTE group exhibited a significantly increased risk of cancer at all

site-specific cancer sites. Analyses stratified according to follow-up duration revealed that
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significant differences were more evident between the 2 groups over a follow-up duration of
<0.5 year than over a =3-year follow-up duration. Furthermore, the 1-year mortality risk of
cancer patients with unprovoked VTE was significantly higher than that for cancer patients in

non-VTE group.

Conclusion: The results of this study show that unprovoked VTE is associated with a
consistently high risk of subsequent cancer diagnosis. This is particularly true in the first 6

months after VTE. It suggests that unprovoked VTE can be an indicator of occult malignancy.

Keywords: Venous thromboembolism; Neoplasms; Cohort study, ICD-9, Risk

Introduction

Venous thromboembolism (VTE) comprises both deep vein thrombosis (DVT) and pulmonary
embolism (PE). Studies in the United States have shown that the age-standardized incidence
rate of first-time VTE ranges from 71 to 117 cases per 100,000 population.*® VTE is classified
into 2 types: provoked (secondary) and unprovoked. Approximately 33% of patients with
symptomatic VTE manifest PE, approximately 67% manifest DVT alone, and 25%—50% of
patients with first-time VTE have an unprovoked condition with no readily identifiable risk

factor.®

The relationship between malignant disease and VTE has been established for a long time.
As early as 1868, Trousseau” observed a relationship between thrombotic phenomena and
cancer. Cancer is regarded as the most frequent and critical acquired risk factor of VTE.>®
Cancer patients represent 20% of all patients diagnosed with VTE.” In contrast, of all patients
with cancer, 15% will develop clinically detectable VTE,” and 50% of VTE cases are detected
at autopsy.® Based on these findings, VTE might be a symptom of occult cancer and a
predicator of subsequent cancer diagnosis.®*® Although most relevant studies have
emphasized that pre-existing or new cancer is commonly diagnosed soon after VTE

diagnosis (typically within 6 months),*"*

some researchers have indicated a potential
long-term risk of cancer in patients with VTE."° Regardless of the short or long-term cancer
risk, patients with unprovoked VTE are at a greater risk of subsequent cancer development

compared with patients with secondary VTE.'**°
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We conducted a population-based cohort study to determine the association between
unprovoked VTE and subsequent cancer in Taiwan. We hypothesized that Taiwanese
patients with unprovoked VTE have a higher risk of subsequent overall and site-specific
cancer development. Furthermore, we examined whether the increased risk was more

evident in short-term or long-term follow-up.

Materials and Methods
Data source

This study used the National Health Insurance Research Database (NHIRD), which contains
all claims data from the Taiwan National Health Insurance (NHI) program. The NHI program
has provided universal health insurance in Taiwan since 1996. By the end of 2009, the NHI
program covered approximately 99% of Taiwan’s population (approximately 23.74 million).*
The National Health Research Institutes (NHRI) established and manages the NHIRD, and
provides randomly scrambled identification numbers for those enrolled to protect patient
privacy. The NHIRD also includes a Catastrophic lllness Patient Database (CIPD). The
catastrophic illness certification program protects vulnerable beneficiaries (including cancer
patients) by exempting them from co-payments for medical services received for their
catastrophic illness. We used identification numbers in the NHIRD files to link the
demographic information, CIPD registry, and inpatient order registry for each patient. Disease
diagnoses were identified according to the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) codes. This study was approved to fulfil the
condition for exemption by the Institutional Review Board (IRB) of China Medical University

(CMUH-104-REC2-115). The IRB also specifically waived the consent requirement.

Study population

We identified patients with newly diagnosed unprovoked VTE (ICD-9-CM Codes 453.8 and
415.1; excluding iatrogenic PE, ICD-9-CM Code 415.11) from the claims data of inpatients
between January 1, 1998, and December 31, 2008. The baseline was set as the date that
unprovoked VTE was diagnosed. Patients were excluded if they had a history of cancer

(ICD-9-CM Codes 140-208), cerebral vascular accident (ICD-9-CM Codes 430-438), lower
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leg fracture or surgery (ICD-9-CM Codes 820, 821,and 81.51-81.54), tibia fracture (ICD-9-CM
code 823), spinal cord injury (ICD-9-CM Codes 806 and 952), complicated abortion
(ICD-9-CM Codes 634-638), ectopic or molar pregnancy (639.6), or pregnancy, childbirth, or
puerperium (ICD-9-CM Codes 673.0-673.8) associated with the baseline VTE, or if they were
younger than 20 years of age or if the information on age or sex was incomplete. We included
the remaining 27,751 patients as the case cohort. From the entire insured population, 4
comparison cases without VTE (ICD-9-CM Codes 453.8 and 415.1) were randomly selected
and frequency-matched to each identified VTE case according to age (every 5-year span),

sex, and baseline year. The same exclusion criteria were applied to the non-VTE group.

Identification of cancer cases and comorbidity

Newly diagnosed cancer cases were confirmed using the CIPD registry. Both study cohorts
were followed up from the baseline until a new diagnosis of cancer, censoring because of
loss to follow-up, death, or withdrawal from the insurance system, or the end of 2011.
Eighteen groups of cancer were evaluated, including head and neck cancer (ICD-9-CM
codes 140-149), esophageal cancer (ICD-9-CM code 150), stomach cancer (ICD-9-CM code
151), colorectal cancer (ICD-9-CM codes 153-154), liver cancer (ICD-9-CM code 155),
gallbladder and extra hepatic bile ducts (ICD-9-CM code 156), pancreatic cancer (ICD-9-CM
code 157), lung cancer (ICD-9-CM code 162), breast cancer (ICD-9-CM code 174), uterine
and ovarian cancer (ICD-9-CM codes 179, 183), cervical cancer (ICD-9-CM codes 180-182),
prostate cancer (ICD-9-CM codes 185), bladder cancer (ICD-9-CM code 188), kidney cancer
(ICD-9-CM code 189), brain cancer (ICD-9-CM code 191), metastasis (ICD-9-CM codes
196-199), hematological (ICD-9-CM codes 200-208), and others. The comorbidities of risk
factors were hypertension (ICD-9-CM Codes 401-405), diabetes (ICD-9-CM Code 250), and
hyperlipidemia (ICD-9-CM Code 272).

Statistical analysis

All statistical analyses were performed using SAS (Version 9.2 for Windows; SAS Institute,
Inc., Cary, NC, USA) with the level of statistical significance set at P < 0.05. We compared
the demographic data and comorbidities between the two cohorts. Differences between the

cohorts were assessed using a t test for the continuous variables and a chi-square test for the
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categorical variables. For each cohort, sex- and age-specific incidences of cancer were
calculated per 100 person-years of follow-up. Incidence rates of cancer were calculated by
dividing the number of newly diagnosed cancer by total number of person-time of exposure.
Univariate and multivariate Cox proportional hazards regression models were applied to
investigate the association between VTE and the risk of cancer over time. The results of the
Cox regression models are expressed as hazard ratio (HR) with 95% confidence interval (CI).
The multivariate models were simultaneously adjusted for age, sex, and comorbidities of
diabetes, hypertension, and hyperlipidemia. Multivariate models were also used to assess
the risk of developing cancer associated with VTE, compared with non-VTE cohort by age,
sex, and follow-up time. Cancer site-specific HRs and 95% Cls of the VTE cohort were also
measured. Moreover, a logistic regression analysis was conducted to measure the odds ratio

(OR) of 1-year mortality for cancer in the VTE group, compared with the non-VTE group.

Results
Demographic Characteristics and Comorbidities

During the period from 1998 to 2008, we identified 27,751 patients in the VTE group and
110,409 patients in the non-VTE group (Table 1). Among the patients in the VTE group,
51.3% were female, and approximately 50% were aged = 65 years. The mean ages of the
patients in the VTE group and non-VTE group were 61.8 and 61.6 years, respectively. There
was a higher incidence of diabetes, hypertension and hyperlipidemia amongst patients in the
VTE group compared with non-VTE group. The median follow-up periods were 4.18
(range=0.003-13.0) years, and 5.87 (range=0.003-13.0) years for the VTE and non-VTE
group, respectively (P < 0.001, data not shown). During the follow-up period, 23.3% of
patients in the VTE group died whereas in the non-VTE group, just 9.64% of patients diedIn
the VTE and non-VTE groups, 10.7% and 4.26%, respectively, of patients were lost to

follow-up.
Incidence and HRs of Overall Cancer: Comparison between VTE and non-VTE groups

Table 2 presents the incidences of cancer by sex and age for both cohorts, as well as the HR
of cancer in the VTE group relative to the non-VTE group. The incidence of cancer was
2.12-fold greater in the VTE group than in the non-VTE group (2.20, 95% Cl=2.13-2.28 vs.
1.01, 95% CI=1.00-1.03, per 100 person-years), with an adjusted hazard ratio (aHR) of 2.26
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(95% CI = 2.16-2.37, p<0.001) (Table 2). For both men and women combined, the aHR for
patients in the VTE group compared with the non-VTE group decreased from 5.61 (95%
CI=3.91-8.05, p<0.001) in patients aged 20-34 years to 1.82 (95% CI=1.71-1.93, p<0.001) in
the elderly patients (=65 years). The overall risk of cancer was higher in the VTE group than
in the non-VTE group (aHR = 15.2, 95% CI = 13.7-16.9, p<0.001) when the follow-up duration
was <0.5 year (Figure 1). Moreover, the risk of cancer was 1.11-fold greater in the VTE group

than in the non-VTE group (95% CI = 1.02-1.20, p<0.05) when the follow-up was >3 year.

Subgroup analysis

The highest sex-specific and age-specific cancer incidence rates among the VTE groups was
the group of patients aged 265 years for both women (2.45, 95% Cl=2.28-2.63, per 100
person-years) and men (3.59, 95% CI=3.37-3.84, per 100 person-years) (Table 2). However,
the age-specific adjusted HR was the highest in the youngest age groups and decreased with
increasing age (all p<0.001). The risk of cancer was also higher in the VTE group when the
follow-up was <0.5 year in all stratified analyses (Table 3). When the follow-up was >3 year,
for patients aged 50-64 years in the VTE group exhibited a 1.20-fold (95% CI=1.02-1.41)
increased risk of cancer compared with control cohort (p<0.05). The female patients aged
50-64 years in the VTE group exhibited a 1.35-fold increased risk of cancer compared with

female patients aged 50-64 years in the non-VTE group (95% CI = 1.06-1.71, p<0.05).

Table 4 shows the results of specific analyses of the various cancer types between the 2
cohorts. Compared to the non-VTE group, VTE group consistently showed a higher aHR
among different cancer sites, and the most prevalent primary tumor sites were lung,
colorectum, liver, other types of cancer, and hematological malignancies, with aHRs of 2.82
(95% Cl = 2.51-3.16, p<0.001), 1.73 (95% Cl = 1.52-1.97, p<0.001), 1.87 (95%
Cl=1.64-2.13, p<0.001), 2.58 (95% CI=2.18-3.05, p<0.001) and 3.61 (95% Cl = 2.99-4.36,
p<0.001), respectively, for patients in the VTE group.

In patients with a follow-up duration of <0.5 years, patients in the VTE group exhibited a
higher risk of all cancer subdivisions compared with the patients in the non-VTE group
(Supplemental table). However, among the patients with a follow-up duration of >3 year,
patients in the VTE group exhibited a higher risk of lung cancer (aHR = 1.33, 95%
Cl=1.08-1.65, p<0.05) compared with in the non-VTE group. Patients in the VTE group with
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cancer were associated with a higher 1-year mortality risk compared with patients in the
non-VTE group with cancer (adjusted OR=2.18, 95% Cl=1.98-2.40, p<0.001) (Data not

shown).

Discussion

In this large nationwide population-based cohort study, we hypothesized that Taiwanese
patients with unprovoked VTE would have a higher risk of subsequent cancer development.
The study shows that the patients with unprovoked VTE have an overall 2-fold increased risk
of subsequent cancer as compared with individuals of non-VTE group. This risk is particularly

high during the first 6 months after VTE.

It has gradually become clear that cancer is a risk factor for VTE after Trousseau first
recognized the relationship between thromboembolic disorders and neoplasms in 1865.*
More recently, several large epidemiological studies have reported an increased risk of
cancer following unprovoked VTE diagnosis.'***?* VTE has been suggested as a potential
surrogate for occult cancer, and the incidence of newly diagnosed cancer in patients with
VTE is approximately 4%-10%.?* Sorensen et al identified 15,348 patients with DVT and
11,305 patients with PE and observed a significantly higher risk of cancer in both groups. The
standardized incidence ratios (SIRs) were 1.3 (95% CI = 1.21-1.33) for DVT and 1.3 (95% CI
= 1.22-1.41) for PE, and the risk was substantially elevated only during the first 6 months of
follow-up.** In an epidemiological study in Sweden, Nordstrom et al evaluated the relationship
between DVT and occult malignancy. They indicated that DVT was associated with a
significantly higher frequency of malignancy during the first 6 months after diagnosis.*
Murchison et al conducted a national population-based cohort study in the United Kingdom
and observed a high excess risk of cancer diagnoses (SIR = 4.2, 95% = Cl 3.9-4.5) within 1-6
months of VTE diagnosis, with a slowly declining but nonetheless significant excess risk for
each 6-month follow-up period for up to 2 years.'® Fennerty reviewed the literature on VTE
and cancer and indicated that the highest risk of cancer occurs in the first 12 months of
follow-up.” Although we did not specify DVT or PE, our results (aHR=2.31; 95%

Cl=2.12-2.51 for overall cancer risk of unprovoked VTE within 6 months of follow-up) are
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compatible with theirs. Furthermore, a meta-analysis based on data from 40 reports
published between 1982 and 2007 revealed a 3-fold excess risk of occult cancer in patients

with VTE.®

We also evaluated the long-term risks of overall and site-specific cancer among patients with
unprovoked VTE. Although higher risks were still found, the magnitude was substantially
lower compared with short-term risks. The affirmation that the risk of cancer can persist for
several years after the occurrence of VTE is debatable, with conflicting results in the
literature. Prandoni et al found that the risk of cancer in patients with VTE does not exceed
that expected in the general population after the first 6 months.™* However, an updated paper
by Sgrensen et al indicated that SIRs after 1-year follow-up were 1.11 (95% CI=1.07-1.16) for
DVT and 1.15 (95% Cl=1.09-1.22) for PE.'® In a prospective study, Douketis et al
investigated the long-term risk of cancer in patients with a first episode of VTE and found that
the patients with a first episode of VTE and without prevalent cancer exhibited an
approximately 1% - 2% increase in the risk of new cancer per year. Moreover, the increase in
risk over time appeared to be uniform, and was higher in patients with unprovoked VTE and
those with advanced age. Female patients had a higher HR for developing new cancer
compared with their male counterparts, but the difference was not significant (P= .07)."> Our
data revealed that the only age group with a significantly higher risk of overall cancer after 3
years of follow-up was the 50-64-year-old group, and female patients in this age range had a
higher risk of overall cancer. Douketis et al also indicated that the increased risk of cancer,
although low in absolute terms, persisted for several years in patients with unprovoked VTE,
supporting the hypothesis that cancer can induce a hypercoagulable state that can facilitate
the pathogenesis of VTE and can exist for several years before the cancer is clinically

overt, %%’

and giving rise to the hypothesis that cancer and thrombosis have common risk
factors.” Regarding the site-specific cancer risk analysis stratified by follow-up duration, our
data revealed that the patients with unprovoked VTE had a consistently increased risk of
cancer at all sites over a follow-up duration of < 6 months. By contrast, only lung cancer risk
was significantly higher among the patients with unprovoked VTE over a follow-up duration of
23 year. No previous report from other race/ethnicities has specified the association between
long-term risk for lung cancer and unprovoked VTE. Marks et al conducted a study to
evaluate the relationship between VTE and cancer risk among elderly adults in the US and

found that strongest risks were observed within 1 year of VTE diagnosis, but risk were
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elevated more than 6 years after VTE for colon cancer, pancreatic cancer, and myeloma.”®

The genetic/environment factors may contribute to the race/ethnicities difference.

1112 it raises concerns

As unprovoked VTE may be regarded as an early sign of occult cancer,
regarding screening strategies for occult cancer in patients with unprovoked VTE. In one
study, approximately 40% of patients with newly diagnosed cancer cases within 1 year of
hospitalization for thromboembolism had distant metastases at the time of cancer diagnosis,
as compared with 29% in a sex- and age-matched population of patients with the same types
of cancer,' and whether screening improves the outcome continues to be debated.'*®%
Carrier et al recently evaluated screening for occult cancer in people with unprovoked VTE
and concluded that routine screening with computed tomography scans of the abdomen and
pelvis did not provide a clinically valuable benefit.?® Our data revealed that the 1-year
mortality risk for cancer patients with unprovoked VTE was significantly higher than that for
cancer patients in non-VTE group, which accords with earlier reports of unfavorable
prognoses for subsequent malignancy following the diagnosis of unprovoked VTE.'22223
Therefore, extensive cancer screening of patients with VTE does not appear to be cost

11,21

effective and should be balanced against the acceptability of tests and the anxiety

induced by the screening process.?

This study has the strengths of a nationwide population-based design with a highly
representative sample of Taiwan’s general population because the reimbursement policy is
universal and operated by the government. All insurance claims must be scrutinized by
medical reimbursement specialists and peer reviewed. However, several limitations should
be acknowledged. First, we could not exclude the possibility of surveillance bias being
present. VTE is considered a sign of underlying occult malignancy, and physicians might pay
more attention to cancer screening for their patients with VTE. However, in Taiwan, cancer
screening is covered by NHI only for limited cancers in certain patients; therefore,
generalized cancer screening among all patients with VTE is unlikely. Second, information
regarding the lifestyle and behavior of patients in the NHI database is not available, rendering
it impossible to adjust for health behavior-related factors such as smoking and alcohol

consumption. Previous studies have suggested that smoking is a risk factor of VTE,*3
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whereas the relationship between alcohol consumption and VTE risk is more complex.
Moderate alcohol consumption has been suggested to protect against VTE,* but liquor
consumption and binge drinking were associated with increased risk of VTE.** Moreover,
both smoking and alcohol consumption are widely recognized as risk factors for developing
some cancers.®* Third, ICD-9 codes are used in the present study for event ascertainment,
and proper capturing for all cases may become a concern. However, if doctors or hospitals
make wrong diagnoses or coding in Taiwan, they are punished and incur penalties.
Therefore, the diagnoses of VTE based on ICD-9 codes in this study were highly reliable.
Fourth, because of intrinsic shortcoming of administrative database, it is unlikely to exclude
all the provoked VTE events, although we have done our best to refine our definition of
unprovoked VTE by exclusion of possible provoked VTE events. Fifth, the data is reasonably
old (7 to 17 years old). This might affect 1-year survival data given the significant changes in
cancer treatment over time. Finally, the evidence derived from a retrospective cohort study is
generally less reliable than that from randomized trials because cohort studies are subjects to
many biases related to residual confounding, which can affect mainly low risk estimates in
many observational studies. Despite the limitations of the intrinsic administrative data, the
information regarding unprovoked VTE and cancer diagnoses and follow-up statuses in this
study is highly valid.

In summary, this population-based cohort study provides evidence that higher risks of overall
and site-specific cancer exist among patients with unprovoked VTE in Taiwan. This
phenomenon is more evident for patients within 1 year of follow-up following diagnosis of
unprovoked VTE. Moreover, unfavorable outcomes were observed among the cancer
patients following unprovoked VTE, and aggressive screening programs for occult cancer in

patients with unprovoked VTE might yield no clinical benefit.
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Figure Legend

Figure 1. VTE group to the non-VTE group adjusted HRs (95% CIs) of cancer by different

periods since VTE.
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Table 1. Demographic characteristics and comorbidities in cases and
control cohorts

Non-VTE VTE
(N =110409) (N=27751) p-value
Sex* n(%) n(%)
Women 56677(51.3) 14244(51.3)
Men 53732(48.7) 13507(48.7)
Age stratified*
20-34 9431(8.54) 2364(8.52)
35-49 19525(17.7) 4901(17.7)
50-64 26198(23.7) 6594(23.8)
> 65 55255(50.1) 13892(50.1)
Age, mean = SD* 61.6(17.0) 61.8(17.1)
Comorbidity
Diabetes 6085(5.51) 6128(22.1) <0.001
Hypertension 10835(9.81) 9739(35.1) <0.001
Hyperlipidemia 2225(2.02) 2418(8.71) <0.001

* p-value non-significant
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Table 2. Sex- and age-specific incidence of cancer in the cases and control cohorts, and Cox model

estimated HRs of cancer

Non-VTE VTE
Event PY Rate” Event PY Rate” Crude HR(95% CI) Adjusted AR
(95% CI)
All* 6934 683676 1.01 2886 1309922.20 2.12(2.03,2.21) 2.26(2.16, 2.37)
Age, years®
20-34 55 64713 0.09 68 14302 0.48 5.47(3.84,7.81) 5.61(3.91, 8.05)
35-49 459 134096 0.34 347 27721 1.25 3.55(3.09, 4.08) 3.73(3.22, 4.32)
50-64 1507 175810 0.86 839 33695 2.49 2.82(2.59, 3.07) 2.92(2.66, 3.21)

> 65 4913 309066 1.59 1632 55274 2.95 1.82(1.72, 1.93) 1.82(1.71, 1.93)
P for interaction <0.001
Women? 3059 355787 0.86 1374 69817 1.97 2.23(2.09, 2.38) 2.37(2.21, 2.54)
Age, years®
20-34 33 30040 0.11 35 6671 0.52 4.70(2.92, 7.56) 4.85(3.00, 7.83)
35-49 226 62722 0.36 170 13395 1.27 3.44(2.82,4.19) 3.58(2.90, 4.41)
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50-64 656 92951 0.71 406 18655 2.18 2.99(2.65, 3.39) 3.16(2.75, 3.62)
=65 2144 170074 1.26 763 31096 2.45 1.90(1.75, 2.07) 1.90(1.74, 2.08)
P for interaction <0.001
Men? 3875 327888 1.18 1512 61175 2.47 2.04(1.92,2.17) 2.17(2.04, 2.32)
Age, years®

20-34 22 34663 0.06 33 7631 0.43 6.63(3.86, 11.4) 6.80(3.93, 11.8)
35-49 233 71374 0.33 177 14327 1.24 3.66(3.01, 4.45) 3.87(3.14, 4.76)

50-64 851 82860 1.03 433 15040 2.88 2.73(2.43, 3.06) 2.74(2.41, 3.12)

=65 2769 138991 1.99 869 24178 3.59 1.77(1.64, 1.91) 1.76(1.62, 1.91)

P for interaction

<0.001

Rate”: incidence rate per 100 person-years

! Adjusted HR was calculated by Cox proportional hazard regression and adjusted for sex, age, and comorbidities (diabetes, hypertension, and

hyperlipidemia).
% Adjusted HR was calculated by Cox proportional hazard regression and adjusted for age and comorbidities (diabetes, hypertension, and hyperlipidemia).
% Adjusted HR was calculated by Cox proportional hazard regression and adjusted for sex and comorbidities (diabetes, hypertension, and hyperlipidemia).

The group without VTE is the Reference (HR=1)
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Table 3. Sex- and age-specific incidence of cancer in patients with and without unprovoked VTE, and Cox model estimated HRs for patients with

unprovoked VTE (stratified by follow-up time since VTE)

Follow-up time< 6 months Follow-up time 6-12 months Follow-up time 1-3 years Follow-up time>3 years
Non-VTE VTE Non-VTE VTE Non-VTE VTE Non-VTE VTE
(N=110409) (N=27751) (N=108619) (N=23007) (N=106935) (N=21978)  (N=89292) (N=17216)
Variable  Adjusted HRT(95%CI) Adjusted HR' (95%Cl) Adjusted HR'(95%ClI) Adjusted HR' (95%Cl)
All* 1(Ref) 15.2(13.7,16.9)  1(Ref) 1.61(1.33,1.95) 1(Ref) 1.14(1.02, 1.27) 1(Ref) 1.11(1.02, 1.20)
Age, years?
20-34  1(Ref) 72.9(22.7,234.1) 1(Ref) e 1(Ref) 4.16(1.29, 13.5) 1(Ref) 1.33(0.70, 2.51)
35-49 1(Ref") 38.0(25.7,56.1) 1(Ref) 2.72(1.34,5.50) 1(Ref) 1.13(0.73, 1.77) 1(Ref) 1.29(0.99, 1.68)
50-64  1(Ref) 28.0(22.3,35.2) 1(Ref) 1.90(1.24,2.91) 1(Ref) 1.15(0.90, 1.48) 1(Ref) 1.20(1.02, 1.41)
> 65 1(Ref") 10.1(8.88, 11.5)  1(Ref) 1.38(1.09, 1.73) 1(Ref) 1.06(0.93, 1.21) 1(Ref) 1.01(0.91, 1.13)
Women®  1(Ref) 2.40(2.06, 2.79) 1(Ref) 1.70(1.28, 2.26)  1(Ref) 1.24(1.06, 1.45) 1(Ref) 1.12(0.99, 1.26)
Age, years®
20-34  1(Ref) 47.7(11.2,203.6) 1(Ref) = ccmmmmmeeen 1(Ref) 6.42(1.44, 28.7) 1(Ref) 1.51(0.70, 3.28)
35-49 1(Ref) 33.9(19.7,58.5) 1(Ref) 2.94(1.18,7.29) 1(Ref) 1.06(0.55, 2.03) 1(Ref) 1.28(0.88, 1.87)
50-64  1(Ref) 25.2(18.4,34.6) 1(Ref) 1.90(0.97, 3.73)  1(Ref) 1.19(0.83, 1.71) 1(Ref) 1.35(1.06, 1.71)
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> 65 1(Ref) 10.5(8.71, 12.8)  1(Ref) 1.45(1.03, 2.05) 1(Ref) 1.19(0.99, 1.44) 1(Ref) 0.97(0.83, 1.14)

Men?® 1(Ref") 2.45(2.12,2.82) 1(Ref) 1.54(1.19, 1.99) 1(Ref) 1.06(0.91, 1.23) 1(Ref) 1.10(0.98, 1.23)
Age, years?
123.1(16.7,
20-34  1(Ref) (T2 3 T —— 1(Ref") 1.83(0.22, 15.3) 1(Ref) 1.06(0.35, 3.25)
907.4)
35-49 1(Ref") 42.5(24.3,74.3) 1(Ref) 2.05(0.62, 6.73) 1(Ref) 1.22(0.66, 2.26) 1(Ref) 1.28(0.88, 1.87)
50-64  1(Ref) 31.1(22.4,43.2) 1(Ref) 1.85(1.06, 3.23)  1(Ref) 1.11(0.79, 1.57) 1(Ref) 1.08(0.87, 1.35)
> 65 1(Ref") 9.74(8.18,11.6) 1(Ref) 1.32(0.97, 1.80) 1(Ref) 0.96(0.80, 1.15) 1(Ref) 1.05(0.91, 1.20)

! Adjusted HR was calculated by Cox proportional hazard regression and adjusted for sex, age, and comorbidities (diabetes, hypertension, and
hyperlipidemia).
2 Adjusted HR was calculated by Cox proportional hazard regression and adjusted for sex, and comorbidities (diabetes, hypertension, and
hyperlipidemia).
% Adjusted HR was calculated by Cox proportional hazard regression and adjusted for age, and comorbidities (diabetes, hypertension, and
hyperlipidemia).

Ref": Reference group
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Table 4. Site-specific incidence rate and HRs of cancer in patients with and without unprovoked VTE

Non-VTE VTE
Crude HR Adjusted HR'

Event Rate” Event Rate”
Variables (95 % ClI) (95 % ClI)
Head and neck 355 0.05 98 0.07  1.44(1.15,1.80)  1.34(1.05, 1.70)
Esophagus 134 0.02 43 0.03 1.66(1.17,2.34)  1.76(1.22, 2.54)
Stomach 440 0.06 163 0.12 1.88(1.57, 2.25) 2.08(1.71, 2.52)
Colorectum 1103  0.16 357 027 167(148,1.88)  1.73(1.52, 1.97)
Liver 940 0.14 348 0.27 1.88(1.66, 2.13) 1.87(1.64, 2.13)
Gallbladder and extra

107 0.02 55 0.04 2.60(1.88, 3.60) 2.95(2.08, 4.18)
hepatic bile ducts
Pancreas 143 002 76 006 2.71(2.05,3.58)  2.88(2.13, 3.89)
Lung 1030 0.15 488 0.37 2.39(2.14, 2.66) 2.82(2.51, 3.16)
Breast 408 011 114 016  1.43(1.16,1.76)  1.37(1.10, 1.71)
Uterus and ovary 60 0.02 66 0.09 5.23(3.69,7.42)  5.94(4.10, 8.61)
Cerfix 261 007 147 021 276(2.25,3.38)  2.95(2.37,3.67)
Prostate 484 0.15 155 0.25 1.69(1.41, 2.02) 1.83(1.51, 2.22)
Bladder 279 0.04 86 0.07  1.60(1.26,2.04)  1.63(1.26, 2.11)
Kidney 195 0.03 105 008 273(2.16,3.47)  2.70(2.08, 3.49)
Brain 43 001 46 0.04 519(3.42,7.87)  5.72(3.67, 8.93)
Unknown primary 138 0.02 104 008 3.70(2.87,4.78)  4.12(3.13, 5.41)
Hematology 319 0.05 206 0.16 3.22(2.71, 3.84) 3.61(2.99, 4.36)
Others 494 0.07 229 0.17 2.38(2.03, 2.78) 2.58(2.18, 3.05)

Rate” incidence rate per 100 person-years

Adjusted HR'": multivariable analysis including sex, age and comorbidities (diabetes,

hypertension, and hyperlipidemia
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