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Summary
The Asian population is thought to have a low risk of venous throm-
boembolism (VTE), but the epidemiology of VTE in cancer patients re-
mains unclear.The National Health Insurance Research Database ofTai-
wan was used to find hospitalised patients newly-diagnosed with
cancer to determine the incidence of VTE in cancer patients and to
identify the risk factors for VTE. Between 1997 and 2005, 497,180
cancer patients were identified. During a median follow-up of 21.3
months (range 0–119.9 months), 5,296 patients developedVTE.The es-
timated incidence was 185 events per 100,000 person-years. Patients
with a prior history of VTE and female patients between the ages of 40
and 80 carried high risk ofVTE.The rate ofVTE was relatively high in pa-
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tients with myeloma, prostate cancer, lung cancer, gynaecologic
cancers, sarcoma, and metastasis of unknown origin. We developed a
risk-stratification scoring system to divide the cancer patients into four
discrete risk groups (very low risk, low risk, intermediate, and high risk).
The incidence of VTE in each group was 0.5%, 0.9%, 1.5%, and 8.7%,
respectively (p < 0.001). This scoring system was validated in a separ-
ate patient cohort. In conclusion,VTE is a distinct burden for cancer pa-
tients inTaiwan.The risk scoring system could prove helpful in decision-
making concerning thromboprophylaxis in cancer patients.
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Introduction

Venous thromboembolism (VTE) is a well-recognised compli-
cation of malignant disease. The risk of VTE is increased two- to
seven-fold in patients with cancer (1–3). Moreover, autopsy
studies in cancer patients have demonstrated even higher rates of
VTE (4–5). Despite the well-documented association between
cancer and VTE, few large-scale studies have investigated the inde-
pendent effects of cancer type and the risk of thrombosis. This is
especially true for the Asian population (2, 6–8).

True incidence of VTE in Chinese cancer patients is unknown
and needs to be determined. The incidence of VTE in the Chinese
population has long been considered lower than that in the Cau-
casian population (9–13). Cancer patients of Asian descent were

also reported to have lower rate of VTE (14). This ethnic difference
is probably related to extremely low incidence of thrombophilia-
associated genetic polymorphisms (factor V Leiden and pro-
thrombin G20210) in the Chinese population and other factors
(12, 15, 16). Because of this difference, malignancy has been re-
ported to be the leading cause of VTE in Taiwan (15, 17). With less
interference from the confounding factors such as genetic vari-
ations, the study of VTE in Chinese cancer patients could be more
informative than in Caucasians with regard to identifying risk fac-
tors for VTE.

Identification of the cancer patient population at highest risk
for VTE is vital as this would ensure that those who would bene?t
most from prophylactic anticoagulation would receive it (2,
18–21). Current consensus guidelines recommend primary pro-
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tal (153–154), hepatocellular (155), pancreatic (157), lung
(162–163), sarcoma (170–171), skin (172–173), breast (174–175),
endometrial and cervical (179–182), ovary (183), prostate (185),
testicular (186), bladder (188), kidney (189), brain (191–192), en-
docrine (193–194), lymphoma (200–202), myeloma (203), and
leukaemia (204). Patients who had ICD-9-CM codes of 195–199
without additional codes for specific cancer subtypes were classi-
fied as metastasis of unknown origin (MUO).

Identification of VTE

The three-digit ICD-9-CM codes used for identification of pa-
tients with deep-vein thrombosis (DVT) were 451, 452, and 453.
The four-digit code, 415.1, was used for identification of patients
with pulmonary embolism (PE) (27). Patients with VTE were de-
fined as having DVT or PE. Because the NHIRD does not provide
radiological reports to objectively confirm the diagnosis of VTE,
we used anticoagulants as the second criterion to improve the ac-
curacy of diagnosis. Since reimbursement for outpatient use of
low-molecular-weight heparin by NHI was limited to pregnant pa-
tients with prosthetic valve replacement, we assumed all patients
with newly-diagnosed VTE were treated during hospitalisation.
The prescription of anticoagulation medication, either in the form
of vitamin-K antagonists or heparin derivatives, was used as an ad-
ditional essential criterion to define patients with VTE (13). To
avoid misclassification of patients who required routine usage of
unfractionated heparin (UFH) for central venous catheter flush-
ing, the dosage of UFH had to be more than 5,000 IU. The admis-
sion date for hospitalisation, during which the VTE diagnosis first
was made, was considered as the date of VTE diagnosis.

Identification of comorbidities and definition of
death

Comorbidities were identified by retrieving three-digit ICD-9-CM
codes in both ambulatory and hospitalisation records before or at
the time of first cancer diagnosis. ICD-9-CM codes analysed in this
study included hypertension (401–405), diabetes (250), congestive
heart failure (428), ischaemic heart disease (410–414), renal dis-
ease (580–589), liver disease (570–573), cerebrovascular disease
(430–438), and hyperlipidaemia (272). A prior history of VTE was
defined as the appearance of a VTE diagnosis in inpatient records
before the index hospitalisation with cancer diagnosis. Death was
defined by confirmation of discharged status with death or was as-
sumed for those patients who dropped out from NHI within 30
days after the last hospitalisation with against advice discharge as
discharged status.
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phylaxis for hospitalised cancer patients and patients undergoing
major surgery for malignant disease (20, 22–24). However, this
practice guideline has not been well applied to Asian cancer pa-
tients because of the general perception that the risk of VTE is low
in the Asian population. Hence, determination of the risk factors
for VTE in Asian cancer patients is needed for optimal use of pro-
phylactic anticoagulation.

Materials and methods

Data sources

Data was obtained from Taiwan’s National Health Insurance Re-
search Database (NHIRD) which has been described in previous
studies (13, 25). In addition, recent research has validated the accu-
racy of the NHIRD, showing that it appears to be a valid resource
for population research (26). Briefly, the National Health Insur-
ance (NHI) program was implemented in Taiwan in 1995. The
coverage rate was gradually elevated from 93.1% in 1996 to 99.3%
at the end of 2006 and more than 22 million residents were en-
rolled in this program. Medical claims of ambulatory and inpatient
care in this program, including detailed prescriptions of labora-
tory and drug items for all patients, were collected with encryption
into the NHIRD. The identification numbers of persons in the da-
tabase had also been encrypted to protect privacy, but the en-
crypted identification numbers remain unique so that record-link-
ing within the database was feasible. Except for non-invasive early
cancers, such as carcinoma in situ, patients who were diagnosed
with cancer were categorised as having a‘catastrophic illness’by the
NHI program. The NHI Bureau rechecks the diagnosis of cancer
and provides the patient with a certificate after verification. The
database analysed in this study was a distributed dataset package
which contained the 11-year longitudinal medical claims of pa-
tients with catastrophic illnesses. This study has been approved by
the National Health Research Institute.

Patients

Patients with newly-diagnosed cancer were identified from the
catastrophic illness database from 1997 to 2005 using three-digit
International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) codes that contained at least one diag-
nosis of malignant disease (ICD-9-CM codes 140–208). Patients
who had a cancer diagnosis either in outpatient or inpatient rec-
ords in 1996 were deliberately excluded to ensure that patients
diagnosed in subsequent years were newly-diagnosed cancer pa-
tients. The date on which the cancer diagnosis was first recorded, in
1997 or thereafter, was considered to be the date of diagnosis. Fol-
low-ups on patients were performed until the end of 2006. Cancer
subtypes analysed in this study used ICD-9-CM codes for head and
neck (140–149, 160–161), esophageal (150), gastric (151), colorec-



Risk-stratified scoring system in development and
validation cohorts

A risk-stratified scoring system was derived from a development
cohort containing cancer patients newly-diagnosed between 1997
and 2002. Risk scores were developed based on regression coef-
ficients of the significant factor from the final multivariate model.
Minus two (-2) points were assigned to risk factors whose odds
ratio (OR) was below 0.5, –1 point to an OR between 0.5 and 1, 1
point to an OR between 1 and 1.5, and 2 points to an OR between
1.5 and 2. For the risk factor with an OR above 2, the assignment of
≥3 points did not affect the application of the scoring system. To
simplify the system, three points were assigned. A dataset contain-
ing cancer patients diagnosed between 2003 and 2005 was used for
validating the scoring system.

Statistical analysis

Incidence was calculated as the number of patients with a diag-
nosis of VTE, DVT, or PE divided by total patient-years from 1997
to 2006. Comparisons of incidence for different time periods or
risk groups and the association of categorical variables were ana-
lysed by Chi2 tests. The Chi2 test for trend (also known as linear-by-
linear association) was used to determine the trend of VTE inci-
dence for the first or second year after cancer diagnosis from 1997
to 2005. Survival was estimated using the Kaplan-Meier method,

and the log-rank test was used to compare survival curves of pa-
tients with DVT, PE, or without VTE. The association of VTE with
clinical variables was analysed by univariate and multivariate logis-
tic regression and was expressed as an OR with a 95% confidence
interval (CI). The database has only a few missing values, with only
704 (0.001%) patients with an unknown gender. These patients
were excluded from the relevant analysis because they accounted
for a very small percentage of the sample. All analyses were per-
formed with SPSS statistical software (version 17.0, SPSS, Chicago,
IL, USA). P < 0.05 was considered statistically significant if not
otherwise specified.

Results

Characteristics and outcome of cancer patients with
or without VTE

Between 1997 and 2005, a total of 497,180 patients were identified
with newly-diagnosed cancer. Within a median follow-up of 21.3
months (range 0–119.9 months), 5,296 patients developed VTE
after their cancer diagnosis. This included 4,663 patients with DVT
and 795 patients with PE. The mean age of VTE patients was 60.7
± 14.2. The proportion of patients aged between 40 and 80 was
higher in the VTE group than the patient group without VTE (p <
0.001) ( Table 1). In addition, the proportion of male patients
was lower in patients with VTE (49.9% vs. 56.1%, p < 0.001). The

© Schattauer 2012 Thrombosis and Haemostasis 108.1/2012

3Yu, Gau et al. Nation-wide risk model for VTE in cancer

No VTE, no. (%)
(n = 491,884)

VTE†, no. (%) P*

All
(n = 5,296)

DVT
(n = 4,663)

PE
(n = 795)

Age

< 40 years 52898 (10.8%) 437 (8.3%) 387 (8.3%) 60 (7.5%) < 0.001

40–80 years 399381 (81.2%) 4588 (86.6%) 4045 (86.7%) 688 (86.5%)

> 80 years 39605 (8.1%) 271 (5.1%) 231 (5.0%) 47 (5.9%)

Male 275852 (56.1) 2641 (49.9%) 2337 (50.2%) 387 (48.7%) < 0.001

Comorbidities

Hypertension 96960 (19.7%) 1094 (20.7%) 942 (20.2%) 196 (24.7%) 0.086

DM 64047 (13.0%) 681 (12.9%) 603 (12.9%) 96 (12.1%) 0.728

CVD 31905 (6.5%) 307 (5.8%) 255 (5.5%) 68 (8.6%) 0.043

Hyperlipidaemia 15206 (3.1%) 191 (3.6%) 165 (3.5%) 32 (4.0%) 0.031

Prior history of VTE 842 (0.2%) 163 (3.1%) 137 (2.9%) 35 (4.4%) < 0.001

*By Chi2 test, all patients with VTE compared to the patients without VTE. *162 patients had both DVT and
PE. VTE, venous thromboembolism; DVT, deep-vein thrombosis; PE, pulmonary embolism; DM, diabetes
mellitus; CHF, congestive heart failure; IHD, ischaemic heart diseases; CVD, cerebrovascular diseases.

CHF 14155 (2.9%) 163 (3.1%) 123 (2.6%) 53 (6.7%) 0.386

IHD 36677 (7.5%) 402 (7.6%) 328 (7.0%) 94 (11.8%) 0.712

Renal disease 29481 (6.0%) 314 (5.9%) 276 (5.9%) 45 (5.7%) 0.844

Liver disease 85810 (17.4%) 852 (16.1%) 767 (16.4%) 105 (13.2%) 0.010

Table 1: Characteristics of cancer patients
with or without VTE.



distribution of comorbidities was similar between the two groups
except that liver disease and cerebrovascular disease were less com-
mon in patients with VTE while hyperlipidaemia was more com-
mon. The proportion of patients with a prior history of VTE was
noticeably different in patients with or without VTE (3.1% vs.
0.2%, p < 0.001).

VTE was diagnosed concomitantly with cancer in 28.5%
(1,509/5,296) of patients. Median time to VTE after cancer diag-
nosis was 5.8 months (range 0–118.2 months). Median overall sur-
vival of patients with DVT, PE, and without VTE was 32.5, 31.2,
and 70.5 months, respectively (p < 0.001) ( Fig. 1). Even after ac-
counting for co-morbidities, VTE had a significantly poor impact
on overall survival (see Suppl. Fig. S1, available online at www.
thrombosis-online.com).

Incidence of VTE in cancer patients

The estimated incidence of VTE, DVT, and PE in cancer patients
was 185, 163, and 28 events per 100,000 person-years, respectively.
Incidence of VTE was higher in gynecologic cancers (including en-
dometrial, cervical, and ovarian cancers), MUO, multiple myelo-
ma, lung cancer, prostate cancer, and sarcoma ( Table 2). VTE
was less common with breast cancer, esophageal cancer, head and
neck cancers, and endocrine cancers. Figure 2 shows that the

incidence of VTE was highest in the first year after cancer diagnosis
(0.50%, 2,501/497,180) followed by the second year (0.32%,
1,249/391,599). Incidence of VTE was markedly reduced in subse-
quent years. During the two-year period following cancer diag-
nosis, the incidence of VTE gradually increased from 1997 to 2005
(p < 0.001). Female patients had a higher incidence of VTE beyond
their fourth decade than male patients. Patients aged between 40
and 80 also had a higher incidence of VTE ( Fig. 3).

Development and validation of a risk-stratification
scoring system for VTE

In order to develop a risk-stratification scoring system for VTE, the
study population was divided into a development cohort (cancer
patients diagnosed between 1997 and 2002, n = 312,198) and a
validation cohort (2003–2005, n = 183,558). A total of 704 patients
without gender data were excluded. The risk factors for VTE in
cancer patients were analysed by univariate and multivariate logis-
tic regression models ( Table 3). To specify the impact of age and
gender, the two factors were combined and examined in regression
and multivariate analysis. The results showed that female patients
between 40 and 80 years of age had a higher risk for VTE than
younger patients, irrespective of gender (OR 1.5, 95% CI 1.3–1.7, p
< 0.001). In contrast, patients older than 80 were at lower risk of
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Figure 1: Overall survival of cancer pa-
tients based on their VTE status. Solid, dash,
and dot lines show the survival curves of pa-
tients without VTE, with DVT, and with PE.
Cancer patients without VTE have a superior
survival (p < 0.001). VTE, venous thromboem-
bolism; DVT, deep-vein thrombosis; PE, pulmon-
ary embolism.



VTE (OR 0.7, 95% CI 0.6–0.8, p < 0.001). Among comorbidities,
only a prior history of VTE was identified as an independent risk
factor for VTE (OR 18.3, 95% CI 14.4–23.3, p < 0.001). A risk score
was assigned to each independent factor according to the value of
the OR in the multivariate analysis model. Table 4 lists the pro-
posed risk-stratification scoring system.

Based on the scoring system, cancers were classified into four
risk groups: very low risk (-4 to –1), low risk (0), intermediate risk
(1 to 2), and high risk (more than 2). In the development cohort,
very low, low, intermediate, and high risk groups comprised
19.3%, 40.3%, 40.1%, and 0.4% of patients in the population. By
logistic regression analysis, four independent risk groups were
classified by the risk-stratification scoring system (very low risk,
reference group; low risk, OR 2.02, 95% CI 1.7–2.2; intermediate
risk, OR 3.0, 95% CI 2.8–3.4; high risk, OR 19.7, 95% CI 15.3–24.7,
all p < 0.001) ( Fig. 4A). In the validation cohort, the scoring sys-
tem effectively predicted the risk for VTE (very low risk, reference
group; low risk, OR 2.2, 95% CI 1.7–2.3; intermediate risk, OR 3.2,
95% CI 2.8–3.8; high risk, OR 23.3, 95% CI 17.8–30.7, all p <

0.001) ( Fig. 4B). In the development cohort, the incidence of
VTE in each group was 0.5%, 0.9%, 1.5%, and 8.7%, respectively,
and each group was significantly different from each other (p <
0.001) ( Fig. 5A). The risk model was then tested in the validation
cohort and successfully divided all patients into four risk groups
(very low risk 0.4%, low risk 0.9%, intermediate risk 1.4%, and
high risk 9.4%, p < 0.001) ( Fig. 5B).

Using the high risk score (more than 3) as a cut-off point, the
sensitivity and positive predictive value (PPV) were low (2.8% and
8.7%) for this model in the development cohort, reflecting the low
incidence of VTE in the population. In contrast, specificity (99.7
%) and negative predictive value (NPV) (98.9%) were high. Simi-
lar results were observed in sensitivity, specificity, PPV, and NPV
(4.1%, 99.6%, 9.4%, and 99.0%, respectively) in the validation co-
hort ( Table 5).

© Schattauer 2012 Thrombosis and Haemostasis 108.1/2012
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Total
patient no.

VTE, no. (%)

All DVT PE

All patients 497,180 5296 (1.07%) 4663 (0.94%) 795 (0.16%)

Endometrial/cervix 28,781 510 (1.77%) 466 (1.62%) 67 (0.23%)

Ovary 6,496 114 (1.75%) 104 (1.60%) 15 (0.23%)

MUO 14,353 242 (1.69%) 207 (1.44%) 41 (0.29%)

Myeloma 2,657 42 (1.58%) 33 (1.24%) 11 (0.41%)

Lung 59,216 898 (1.52%) 746 (1.26%) 186 (0.31%)

Prostate 17,673 248 (1.40%) 214 (1.21%) 47 (0.27%)

Sarcoma 4,799 65 (1.35%) 54 (1.13%) 13 (0.27%)

Brain 6,167 78 (1.26%) 69 (1.12%) 10 (0.16%)

Endocrine 11,675 35 (0.30%) 27 (0.23%) 10 (0.09%)

Multiple cancers 8,260 89 (1.08%) 82 (0.99%) 11 (0.13%)

VTE, venous thromboembolism; DVT, deep-vein thrombosis; PE, pulmonary embolism; MUO, metastasis
with unknown origin. Multiple cancers indicate two or more cancer diagnoses.

Renal 12,989 160 (1.23%) 139 (1.07%) 24 (0.18%)

Pancreatic 8,226 101 (1.23%) 90 (1.09%) 15 (0.18%)

Gastric 29,464 316 (1.07%) 291 (0.99%) 29 (0.10%)

Lymphoma 22,140 226 (1.02%) 200 (0.90%) 28 (0.13%)

Liver 75,819 771 (1.02%) 709 (0.94%) 85 (0.11%)

Colorectal 64,770 656 (1.01%) 601 (0.93%) 72 (0.11%)

Testicular 828 8 (0.97%) 7 (0.85%) 1 (0.12%)

Bladder 16,351 148 (0.91%) 127 (0.78%) 25 (0.15%)

Leukaemia 9,506 85 (0.89%) 72 (0.76%) 13 (0.14%)

Skin 6,790 55 (0.81%) 47 (0.69%) 11 (0.16%)

Breast 47,037 317 (0.67%) 255 (0.54%) 68 (0.14%)

Esophageal 9,952 55 (0.55%) 50 (0.50%) 6 (0.06%)

Head and neck 48,360 209 (0.43%) 187 (0.39%) 28 (0.06%)

Table 2: Cumulative incidence of VTE in
specific cancer subtypes from 1997 to
2005.



Discussion

Asian people have been considered to have a low risk of VTE for a
long time. Reports from some ethnic-comparison studies showed
a 2.5– to four-fold lower incidence of VTE in Asian descendants
than Caucasians (9–13). A recent report regarding the incidence of
VTE in the general population of Taiwan also revealed an annual
incidence of 15.9 cases per 100,000 person-years, which was much
lower than the reported annual incidence of 71–117 per 100,000

persons in Western populations (13, 28–30). Because the incidence
of VTE in the general population of Taiwan is low, it is an extremely
unusual practice for local physicians to prescribe preventive anti-
coagulants to patients, even after the operation of total knee re-
placement (31). The same holds true for hospitalised cancer pa-
tients, and reflects the low incidence of VTE in cancer patients in
Taiwan. In our study, the estimated incidence of VTE, DVT, and PE
in cancer patients was 185, 163, and 28 events per 100,000 person-
years, respectively, about 11.5 times higher than the general popu-
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Figure 2: Incidence of VTE for years fol-
lowing cancer diagnosis. The incidence of
VTE time-dependently decreased in the follow-
ing years after cancer diagnosis (p < 0.001).
From 1997 to 2005, the incidence of VTE in-
creased significantly in the period of first and
second year after cancer diagnosis (p < 0.001).
VTE, venous thromboembolism.

Figure 3: Incidence of venous thromboem-
bolism based on gender and age.



lation of Taiwan. The results of this study show a high incidence of
VTE in cancer patients in Taiwan. In the reports from several large-
scale studies published in recent years, the incidence of VTE in
cancer patients in Western populations ranged between 1.6–7.8%,

which was estimated to be 2–7 times higher than the general popu-
lation (3, 6, 14, 32). Cancer probably has a greater effect on the de-
velopment of VTE in Taiwan than in Western countries. Cancer has
been reported to be the leading cause of VTE in Taiwan (15, 17).

7Yu, Gau et al. Nation-wide risk model for VTE in cancer
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Univariate Multivariate†

OR 95% CI P OR 95% CI P

Sex & age

40–80 male vs. < 40 1.188 1.040–1.358 0.011 1.051 0.914–1.209 0.443

40–80 female vs. < 40 1.711 1.499–1.954 < 0.001 1.482 1.294–1.696 < 0.001

>80 vs. < 40 0.870 0.715–1.059 0.166 0.673 0.550–0.824 < 0.001

Comorbidities (Yes vs. No)

Hypertension 1.105 1.013–1.206 0.025 1.006 0.920–1.101 0.889

Skin 0.765 0.550–1.063 0.111

Breast 0.767 0.673–0.874 < 0.001 0.655 0.566–0.757 < 0.001

Esophageal 0.451 0.315–0.647 < 0.001 0.509 0.353–0.733 < 0.001

Head and neck 0.371 0.311–0.443 < 0.001 0.423 0.351–0.509 < 0.001

Endocrine 0.230 0.146–0.361 < 0.001 0.226 0.143–0.357 < 0.001

*441 patients with missing gender data were excluded from analysis. †Enrolled for multivariate analysis if
p < 0.05. ‡Because of a similar incidence of VTE among endometrial, cervical, and ovarian cancers, a com-
bined analysis as gynecologic cancer was performed for the purpose of simplicity. VTE, venous thromboem-
bolism; OR, odds ratio; CI, confidence interval; DM, diabetes mellitus; CHF, congestive heart failure; IHD, is-
chaemic heart diseases; CVD, cerebrovascular diseases; MUO, metastasis with unknown origin.

DM 1.029 0.928–1.141 0.589

CHF 1.005 0.809–1.247 0.966

IHD 1.088 0.954–1.240 0.211

Renal disease 1.008 0.871–1.166 0.920

Liver disease 0.905 0.825–0.993 0.035 0.928 0.833–1.035 0.179

CVD 0.939 0.808–1.092 0.414

Hyperlipidaemia 1.208 0.993–1.470 0.059

Prior history of VTE 20.265 16.010–25.652 < 0.001 18.342 14.428–23.317 < 0.001

Specific cancer type vs. others

Gynaecologic‡ 1.797 1.626–1.988 < 0.001 1.389 1.233–1.564 < 0.001

MUO 1.465 1.243–1.727 < 0.001 1.366 1.149–1.624 < 0.001

Myeloma 1.604 1.109–2.319 0.012 1.513 1.040–2.201 0.030

Lung 1.288 1.171–1.417 < 0.001 1.269 1.141–1.413 < 0.001

Prostate 1.414 1.208–1.656 < 0.001 1.626 1.371–1.927 < 0.001

Sarcoma 1.367 1.023–1.826 0.035 1.363 1.013–1.834 0.041

Brain 1.240 0.946–1.625 0.120

Renal 1.272 1.050–1.541 0.014 1.220 1.000–1.488 0.050

Pancreatic 0.887 0.670–1.175 0.404

Gastric 0.977 0.849–1.124 0.746

Lymphoma 0.851 0.713–1.015 0.073

Liver 0.883 0.800–0.974 0.013 0.953 0.843–1.078 0.443

Colorectal 1.013 0.916–1.120 0.808

Testicular 1.312 0.622–2.768 0.476

Bladder 0.984 0.813–1.190 0.864

Leukaemia 0.781 0.593–1.028 0.078

Table 3: Univariate and multivariate analy-
sis of predictive factors for VTE from de-
velopment cohort (1997–2002, 312,918
patients*).



This predominant role of malignancy in the development of VTE
allows us to analyse several important issues on this topic. To our
knowledge, this is the first large-scale study of an Asian population
on the incidence of VTE and its associated risk factors in cancer pa-
tients.

Our study demonstrated a trend of progressively increasing
incidence of VTE over the nine study years. This observation is
consistent with the reports in the literature, which show that the
frequency of VTE has been increasing over time. Rates, therefore,
have been higher in more recent studies (3, 14, 33). Increased
awareness of the risk of VTE in cancer patients may have con-
tributed to this higher rate. In our study, the trend of an increasing
annual incidence of VTE was observed only during the first two
years after cancer diagnosis. Previous reports had shown that the
risk of VTE was particularly high in the first few months after the
diagnosis of malignancy (2, 3). Active treatment including chemo-
therapy and other agents administered immediately after diagnosis
of cancer may damage the endothelium and initiate a thrombotic
process (1, 18, 34, 35).

We identified several risk factors for VTE in cancer patients.
These included female gender over the age of 40, a previous history
of VTE, and certain types of cancers. Many of the risk factors ident-
ified in this study agreed with previous reports (1, 2, 7, 18, 20, 33,
36). Female sex was a risk factor for VTE in the current study. This
effect existed only in patients aged between 40 and 80 years. Simi-
lar results have been reported in several other studies. The reason
for this may be related to changes in hormonal status (33, 36, 37).
Old age is a well recognised risk factor forVTE (2, 18, 33). However,
patients older than 80 were at lower risk of VTE in our analysis.
One of the plausible reasons could be that the oldest cancer pa-
tients may not survive long enough to allow for the development of
VTE. Note that the median survival durations for the three age
groups in this study were 85.4 months, 66.4 months, and 40.3

months, respectively (p < 0.001, see Suppl. Fig. S2, available on-
line at www.thrombosis-online.com). In addition, very old pa-
tients usually do not receive intensive chemotherapy, which is a
proven risk factor for VTE (38).

Despite wide variation in the reported rates of VTE in different
cancers, patients with cancers of the pancreas, stomach, uterus,
kidney, lung, and brain are often reported to have higher rates of
VTE, while cancers of squamous cell origin have lower rates of de-
veloping VTE (3, 6, 20, 32). More recent studies also identified a
high risk of VTE associated with haematologic malignancies (3,
32). Table 2 shows that gynecological malignancies were associ-
ated with a high risk for VTE. Lung cancer was of intermediate risk,
while endocrine cancers had the lowest risk. Patients with pancre-
atic cancer have often been reported to have a high risk for VTE (6,
39–41). Our analysis, however, did not find this. Lower incidence
of VTE in pancreatic cancer in Asian ethnicity had been reported
previously (42). Whether this discrepancy is due to ethnic differ-
ences or other unidentified factors needs to be investigated.

Recent studies have led to an increased understanding of the

Figure 4: Odds ratio of venous thromboembolism in different risk
groups. A) Patients diagnosed with cancer between 1997 and 2001 were
used as the development cohort; B) Patients diagnosed with cancer between
2002 and 2005 were used as the validation cohort.
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A

B

Table 4: Proposed risk-stratification scoring system for VTE.

Factor Score

Age & Sex

40–80 year-old female 1

> 80 year-old –1

Prior history of VTE 3

Cancer subtypes

Low VTE propensity

Head and neck, endocrine –2

Esophagus, breast –1

High VTE propensity

Lung, gynecologic, sarcoma, MUO 1

Intermediate VTE propensity

Other cancer subtypes 0

VTE, venous thromboembolism; MUO, metastasis of unknown origin.

Myeloma, prostate 2
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Figure 5: Incidence of venous thromboembolism in different risk
groups in development cohort (A) and validation cohort (B).

A

B

Development cohort

Presence of VTE

VTE No VTE Total

Risk High risk 95 1,003 1,098 PPV = 8.7%

Not high risk 3,312 308,508 311,820 NPV = 98.9%

Total 3,407 309,511 312,918

Sensitivity
= 2.8%

Specificity
= 99.7%

Validation cohort

Presence of VTE

VTE No VTE Total

Risk High risk 78 749 827 PPV = 9.4%

Not high risk 1,805 180,926 182,731 NPV = 99.0%

Total 1,883 181,675 183,558

Table 5: Accuracy indices of the proposed scoring system in devel-
opment and validation cohorts.

risk factors associated with development of VTE in cancer patients
(1, 2, 7, 18, 20, 21, 33, 43, 44). Identifying patients at high risk of
VTE would allow them to undergo prophylactic anticoagulation
without subjecting low-risk patients to complications resulting
from the unnecessary use of such anticoagulants (19, 21). Our pro-
posed risk-stratification system could reliably classify cancer pa-
tients into four discrete risk groups (very low risk, low risk, inter-
mediate risk, and high risk). In the development cohort, the inci-
dence of VTE in each of the four groups was 0.5%, 0.9%, 1.5%, and
8.7% respectively. This scoring system was validated in another co-
hort comprising recently diagnosed cancer patients. When the
score of the high-risk group (≥3) was used as a cut-off point, the

sensitivity and positive predictive values of the scoring system were
low, reflecting the low incidence of VTE in our population. Even in
a Western predictive model for chemotherapy-associated VTE,
PPV for high-risk patients is similar to that in the current study,
ranging from 6.7% to 7.1% (19). However, a high NPV of the scor-
ing system can still help select patients with a low risk of VTE.
Asian physicians are often reluctant to give their patients prophy-
lactic anticoagulation because of the general perception that the
risk of VTE is low in the Asian population. Our analysis supports
the concept that when prophylactic anticoagulation is attempted,
it may only benefit high-risk patients. Since cancer patients are
prone to bleeding complications, clinical trials are needed to evalu-
ate the safety and the benefit of prophylactic anticoagulation in the
high-risk group. Because changes in cancer treatment over time
can influence VTE rates, this study adopts two methods of rando-
misation to define the development and validation cohorts. The
proposed risk-stratification scoring system was successfully vali-
dated in randomisation cohorts. This suggests that the risk stratifi-
cation can be applied in different eras (see Suppl. Fig. S3, avail-
able online at www.thrombosis-online.com).

By incorporating data of cancer type, body mass index, and
biomarkers including leukocyte count, haemoglobin and platelet
levels, Khorana et al. proposed a predictive model to stratify cancer
patients into three groups with regard to their risk of VTE (19, 21).
In their study, only adult neutropenic cancer patients were re-
cruited and breast cancer, lung cancer, colon and lymphoma ac-
counted for a majority of the diagnoses. Although the study in-
cluded a more homogeneous population of cancer patients than
was found in our study, their cancer patients were robust and could
tolerate active chemotherapy. Hence, the results may not apply to
patients who do not receive chemotherapy because of a lack of in-
dication, cancer that is too advanced, or severe comorbidities. Our
simplified predictive model may cover a more generalised cancer
population.



Our study shares the common limitations of retrospective
analysis. Patients of VTE with minor symptoms might go without
detection and resulted in lower incidence of VTE in our results.
However, since medical services are easily accessible to general
population, majority of symptomatic VTE should have been docu-
mented in our database. Owing to the limitations of the database,
our study did not include data on cancer stage and details of ther-
apy, nor could we analyse biomarkers as risk factors of VTE. Be-
cause different cancers receive different kinds of chemotherapy
with various intensities, it is often difficult to weigh the intensity of
different chemotherapy protocols and their effects on the occur-
rence of venous thrombosis. Many cancer patients may not receive
chemotherapy. Therefore, the role of a specific chemotherapy
might be obscured when dealing with a general population of
cancer patients. Despite these limitations, our study does provide a
clear profile about the incidence and risk factors of VTE in cancer
patients of an Asian population.

In conclusion,VTE is a distinct burden of cancer patients in Tai-
wan. We identified risk factors for VTE, established a risk-stratifi-
cation scoring model, and validated it using a large-scale cancer
patient population. This scoring system could be helpful in deci-
sion-making for adopting thromboprophylaxis in cancer patients
and could provide a base for further study on this topic.
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What is known about this topic?
● Venous thromboembolism (VTE) is a well recognised complication

of a malignant disease. The VTE rates range from 1.6% to 7.8%.
However, few large-scale studies have investigated the indepen-
dent effects of cancer type and the risk of thrombosis in Asian
populations.

● Current consensus guidelines recommend primary prophylaxis for
hospitalised cancer patients and patients undergoing major sur-
gery for malignant disease. Unfortunately, this practice has not
been well applied to Asian cancer patients because of the general
perception that the risk of VTE is low in the Asian population.
Studies investigating the risk factors for VTE in Asian cancer pa-
tients are lacking.

What does this paper add?
● This study, which surveys 497,180 cancer patients, is the first large-

scale study on the incidence of VTE in an Asian population. Results
reveal an annual incidence of 185 cases per 100,000 person-years,
which is much lower than the reported annual incidence inWestern
populations.

● This study presents a risk-stratification scoring system to divide
cancer patients into four risk groups (very low risk, low risk, inter-
mediate risk, and high risk).The incidence ofVTE in each group was
0.5%, 0.9%, 1.5%, and 8.7%, respectively. The proposed scoring
system was validated in a separate patient cohort and could prove
helpful in decision-making concerning thromboprophylaxis in
cancer patients.
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