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AbstrAct
Background The incidence of venous thromboembolism 
(VTE) is 1–2/1000 individuals. Patients with cancer, 
especially during chemotherapy, are at enhanced risk, but 
real-world data on factors associated with VTE events are 
still scarce.
Aim The aim of this retrospective study was to survey the 
incidence of VTE based on a large hospital database, and 
to identify comorbidities and features associated with VTE 
events. We focused on cancer-related VTE events and on 
factors indicating increased VTE risk during chemotherapy.
Methods The cohort included patients treated at Turku 
University Hospital during years 2005–2013. Health 
information was derived and analysed from multiple 
electronic databases. The diagnoses of VTE and all 
comorbidities, including type of cancer, were based on 
International Classification of Diseases 10th Revision 
coding. For further analysis, we focused on 16 common 
types of cancers treated with chemotherapy. Age, gender, 
surgery, radiotherapy, distant metastasis, available 
laboratory values and platinum-based chemotherapy were 
evaluated for VTE group, and associations were estimated 
by Cox regression analyses.
Results The entire database contained information 
from 495 089 patients, of whom 5452 (1.1%) had a VTE 
diagnosis. Among individuals with VTE, 1437 (26.4%) 
had diagnosis of coronary heart disease and 1467 
(26.9%) had cancer diagnosis. Among 7778 patients 
with cancer treated with chemotherapy, 282 (3.6%) had 
a VTE, platinum-based chemotherapy being a major 
risk factor (HR 1.77, 95% CI 1.40 to 2.24, p<0.001). In 
multivariate analysis, elevated blood neutrophil counts 
(>3.25×109 cells/L, HR 1.96, 95% CI 1.33 to 2.89, 
p<0.001) and plasma creatinine (>62.5 μmol/L; HR 1.60, 
95% CI 1.21 to 2.13, p=0.001) values were independent 
indicators of increased VTE risk during chemotherapy.
Conclusions Longitudinal electronic health record 
analysis provides a powerful tool to gather meaningful 
real-world information to study clinical associations, like 
comorbidities, and to identify markers associated with 
VTE. The combination of various clinical and laboratory 
variables could be used for VTE risk evaluation and 
targeted prevention.

IntRoduCtIon
Venous thromboembolism (VTE) is a 
disorder, in which blood clots are formed 
in deep veins (deep vein thrombosis, 
DVT). VTE may lead to thromboembolism 

pulmonary arteries (pulmonary embolism, 
PE) or in other organs, with or without 
symptoms.1 The estimated annual incidence 
rate of VTE ranges from 100 to 200 among 
100 000 individuals of Caucasian origin.2 A 
variety of factors affect VTE risk, including 
major surgery, multiple traumas, inflamma-
tion and infections.3 4 While major morbidity 
and mortality5 6 are associated with VTE, it is a 
medical condition that can be treated or even 
prevented.7–9

Cancer is a major risk factor for VTE4 10; 1.6% 
of patients with cancer may encounter VTE.11 
The VTE risk associated with cancer is up to 
10-fold as compared with general population. 
The pathogenesis of blood coagulation activa-
tion in cancer is complex, reciprocal and multi-
factorial,12 but the epidemiological, clinical 
and laboratory aspects of association between 
cancer and VTE have provided important 
insights. The risk depends on cancer type13–15 
and the highest incidence of VTE has been asso-
ciated with adenocarcinomas. Chemotherapy, 
cancer surgery and radiotherapy are all also 
well recognised as important risk factors for 
VTE,4 15–17 as is the advanced disease stage.18 19 

Key Questions

What is already known about this subject?
 ► The incidence of venous thromboembolisms (VTE) 
is 1–2/1000 individuals. Patients with cancer, espe-
cially during chemotherapy and radiotherapy, are at 
enhanced risk of VTE. The risk of VTE depends on 
cancer type, and also on many additional variables, 
which makes prognostic evaluation challenging.

What does this study add?
 ► The combination of all medically relevant longitudi-
nal electronic data sets provides in-depth real-world 
information of VTE risk factors associated with 
cancer.

How might this impact on clinical practice?
 ► The combination of various clinical and laboratory 
variables could form a new basis for VTE risk evalu-
ation and targeted prevention.
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The effect of comorbidities on VTE among patients with 
cancer has also been evaluated.20–22 The risk factors are 
often combined and synergistic, one example including 
surgical management of pathological fractures.23 Many of 
the previous risk factor analyses suffer from lack of compre-
hensive clinical information, which typically limits the 
generalisation of the findings. Real-world data are widely 
needed to provide the information of clinical outcomes 
outside the clinical trial settings, as Kaatz et al observed on 
their study of the duration of anticoagulant treatment.24 At 
the era of longitudinal electronic health records and the 
tools to combine large data sets, it is now possible to acquire 
real-world information of the factors contributing to VTE 
risk, to use a machine learning approach for risk assessment 
of VTE25 26 and to identify markers that could be used for 
targeted VTE prevention.

As a first step towards these goals, we surveyed the inci-
dence of VTE in a large hospital cohort, studied clinical 
factors, such as comorbidities associated with VTE, and 
identified cancer-associated features in VTE events. We 
combined data sets from various longitudinal electronic 
health records of Turku University Hospital, Finland. 
For further analysis of the predictors of VTE, we chose 
to focus on 16 different types of malignant disorders 
(advanced or metastatic) treated with chemotherapy. 
Age, gender, surgery, radiotherapy, distant metastasis and 
platinum-based chemotherapy were evaluated for VTE 
group, and associations were estimated by Cox regression 
analyses. Additionally, with the unique data source, we 
could also analyse the correlation of multiple routinely 
used laboratory variables with VTE.

PAtIents And MetHods
 data source
The data set was created by combining several individual 
Turku University Hospital electronic health records, 
using the license of Auria Biobank, linked with Turku 
University Hospital Patient Discharge Data and Popula-
tion Register Center. The hospital database of the clin-
ical information is documented in a structured format, 
including patient data (gender, date of birth), Inter-
national Classification of Diseases 10th Revision (ICD-
10) codes for clinical diagnoses, structured systematic 
pathology reports (SNOMED) with pathological TNM for 
pathology, Nordic Classification of Surgical Procedures 
coding for medical procedures, periods of intravenous 
chemotherapy or radiation therapy, and routinely moni-
tored laboratory values of clinical chemistry and haema-
tology, which are used in the diagnosis and follow-up 
of the patients. All diagnoses and ICD-10 codes were 
provided and inserted to the electronic health records by 
the physicians responsible for the patient. The starting 
date of this survey was 1 January 2005, and the records are 
documented electronically in Turku University Hospital 
up to the last follow-up date, 31 August 2013. The Popu-
lation Register Center provided the dates of death, which 
were used in the survival analysis.

Cohort selection
The study population comprised only adult patients (aged 
18 years and over) who were treated in Turku Univer-
sity Hospital either the inpatient or outpatient setting. 
This is a public tertiary hospital covering the region of 
Southwest Finland (population base of 0.5 million). The 
hospital covers all medical disciplines and is the only 
primary cancer treatment facility for this population. 
As search criteria for VTE, we used the ICD-10 codes 
for DVT (ICD-10 code I80.2), PE (ICD-10 I26) or portal 
vein thrombosis (ICD-10 I81). The ICD-10 codes cannot 
distinguish between symptomatic and asymptomatic VTE 
cases, and therefore both were included.

Comorbidities and matched general population as the 
comparison cohort
The comorbidity was defined by main or secondary 
diagnosis in the electronic health records from hospital 
register according to ICD-10 codes that are listed in 
table 1. We combined the most common chronic diseases 
into larger categories based on vital organs and disease 
groups according to medical classification by ICD-10. 
To compare how VTE events were distributed between 
different disease groups, we selected age and gender-
matched control population with the same diagnosis 
codes of chronic diseases. Thus, all patients with VTE were 
age and gender matched with a fivefold control popula-
tion without a VTE diagnosis in their medical history.

Covariates in the analysis in patients with cancer treated with 
chemotherapy
In further analysis, we focused only on patients with 
cancer who were treated with chemotherapy during 
the disease course (for neoadjuvant, adjuvant or palli-
ative intent). Among those patients, the covariates, 
including laboratory values, were available due to 
routine follow-up visits. We focused on 16 cancer types 
with information from over 100 patients, who had been 
treated with chemotherapy during the 8-year follow-up 
period (2005–2013). The cancer types were breast, 
bladder, colorectal, gastric, Hodgkin’s lymphoma, 
leukaemia, lung, melanoma, mesothelioma, myeloma, 
non-Hodgkin’s lymphoma, ovarian, pancreatic, pros-
tate, testicular and endometrial. The diagnoses were 
based on ICD-10 codes listed in table 2. The covari-
ates included age (at the initiation of chemotherapy), 
gender, laboratory values (starting from the beginning 
of chemotherapy), type of surgery (either for curative 
or palliative intent, where tumour tissue was removed 
for histology), distant metastases (ICD-10 codes C78*–
C79*) and platinum-based chemotherapy (for neoadju-
vant, adjuvant or palliative intent).

The surgery procedure was based on the information 
of the available surgical sample of the tumour (block 
of tissue) in the pathology database. Platinum-based 
chemotherapy was included, because it is used as single 
or combination therapy in a variety of cancer types, and 
the information was readily aggregated in the hospital 
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pharmacy database. The clinical chemistry and haema-
tology measurements were included, if the test was 
performed at least 80% of patients both within 3 months 
before chemotherapy and during chemotherapy. Thir-
teen laboratory variables fulfilled the criteria, and were 
included for further analyses: blood cell counts and 
characteristics: platelet count (B-PLT), haemoglobin 
(B-Hgb) level, leucocyte count (B-Leuk), neutrophil 
count (B-Neut), erythrocyte mean cellular volume and 
mean corpuscular haemoglobin (E-MCV and E-MCH) 
and haematocrit. In addition, plasma creatinine 
(P-Crea), plasma alanine transaminase, plasma alkaline 
phosphatase, plasma sodium (P-Na) and plasma potas-
sium (P-K) values were collected.

statistical analysis
All statistical analyses were performed using R Statistics 
V.3.0.2 with standard packages (R Core Team (2013). R: 
A language and environment for statistical computing. R 
Foundation for Statistical Computing, Vienna, Austria). 
The Χ2 test was used to calculate relative risks (RR) 
for comparing the proportions of patients with VTE to 
non-VTE patients between different groups of disease.

Age, gender, surgery, radiotherapy, distant metastases 
and platinum-based chemotherapy were evaluated for 
VTE group and the associations were estimated by Cox 
regression analyses in both univariate and multivariate 
models. The Cox proportional hazards models were used 

Table 1 Prevalence of different diseases in the patients with VTE among hospitalised patients, including both inpatient and 
outpatient information. For each patient with VTE diagnosis, we randomly selected five control patients (fivefold matching) with 
the same gender and year of birth from the Turku University Hospital electronic health records

Disease ICD-10 code
Number of 
VTE† 

Per cent 
of patients 
with VTE† 
diagnosis

Number 
of control 
patients 
(fivefold 
matching)

Per cent 
of control 
patients 
(from all 
patients) RR 97.5% CI

P 
values‡

Obesity E65–E66* 332 6.1 622 2.3 2.67 2.35 to 3.03 <0.001

Liver disease K70*–K74* 122 2.2 269 1.0 2.27 1.84 to 2.79 <0.001

Congestive heart 
failure

I50* 1091 20.0 2600 9.5 2.10 1.97 to 2.24 <0.001

Asthma J45*–J46 462 8.5 1124 4.1 2.06 1.85 to 2.28 <0.001

Varicose veins I83* 265 4.9 647 2.4 2.05 1.78 to 2.35 <0.001

Pulmonary diseases 
(not asthma)

J41*–J44*, J47, 
J60–J70*

537 9.8 1366 5.0 1.97 1.79 to 2.16 <0.001

Rheumatoid arthritis M05*–M06* 298 5.5 761 2.8 1.96 1.72 to 2.23 <0.001

Inflammatory bowel 
disease

K50*–K51* 117 2.1 302 1.1 1.94 1.57 to 2.39 <0.001

Peripheral vascular 
disease

I70*–I79* 507 9.3 1434 5.3 1.77 1.61 to 1.95 <0.001

Psychiatric disease F10*–F99 795 14.6 2327 8.5 1.71 1.58 to 1.84 <0.001

Coronary heart 
disease

I20*–I25* 1437 26.4 4330 15.9 1.66 1.57 to 1.75 <0.001

Hypertension I10–I15* 2296 42.1 7405 27.2 1.55 1.49 to 1.61 <0.001

Cancer C00*–C99* 1467 26.9 4820 17.7 1.52 1.45 to 1.60 <0.001

Diabetes mellitus E10*–E14* 869 15.9 2898 10.6 1.50 1.40 to 1.61 <0.001

Atrial fibrillation/
flutter

I48 999 18.3 3881 14.2 1.29 1.21 to 1.37 <0.001

Cerebrovascular 
disease

I60*–I69* 698 12.8 2751 10.1 1.27 1.17 to 1.37 <0.001

Pregnancy/delivery O00*–O99* 155 2.8 754 2.8 1.03 0.87 to 1.22 0.752

Hospitalised patients overall: 495 089. 
Number of patients with VTE† overall: 5452. 
Per cent of patients with VTE† diagnosis: 1.1.
Number of control patients overall: 27 260. 
†VTE was defined as pulmonary embolism (PE, ICD-10 I26*), deep venous thrombosis (DVT, ICD-10 I80.2*) or portal vein thrombosis (PVT, 
ICD-10 I81*).
‡P values were calculated with Χ2 test.
ICD-10, International Classification of Diseases 10th Revision; RR, relative risk; VTE, venous thromboembolism.
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to calculate HRs and 95% CIs. The Cox model time scale 
included follow-up time from the first chemotherapy 
treatment to the date of VTE diagnosis, or date of death 
or the end of follow-up (31 August 2013). P values <0.05 
were considered as statically significant.

Receiver operating characteristic (ROC) curves along-
side of 95% CIs were produced to explore the specific 
application to the choice of optimal laboratory variables 
on predicting of VTE. Continuous laboratory values were 
dichotomised into categorical variables according to the 
cut-off values with a maximum sum of sensitivity and 
specificity. The associations between VTE and the cut-off 
values were estimated by univariate and multivariate Cox 
regression models.

Kaplan-Meier analysis was used to assess the time to 
VTE and the VTE-free time from the beginning of chemo-
therapy to documented VTE event or patient’s death or 
the end of follow-up, whichever occurred first.

Results
Cohort characteristics and comorbidities associated with Vte
The entire electronic database contained information 
from 495 089 hospitalised patients (including both inpa-
tient and outpatient), of whom 5452 (1.1%) had VTE 
diagnosis (table 1). The most common diagnoses asso-
ciated with VTE were cardiovascular disorders (hyper-
tension, coronary heart disease and congestive heart 

failure) and cancer. A simultaneous VTE and cancer 
diagnosis was made for 1467 patients; together, 26.9% 
of all patients with VTE carried a concomitant cancer 
diagnosis. As expected, the patients with VTE often had 
several concomitant diagnoses; therefore, the number 
of VTE and diagnosis combinations does not equal/
match with the number of actual patients with VTE in 
table 1.

To observe which diagnoses were over-represented in 
the VTE population, we collected an age and gender-
matched control group without any indication of a VTE 
event in patient records (n=27 260). Coronary heart 
disease (n=1437) was associated with increased inci-
dence of VTE (RR 1.66, 95% CI 1.57 to 1.75, p<0.001). 
A similar association was seen with obesity (RR 2.67, 
95% CI 2.35 to 3.03, p<0.001) and other cardiovascular 
diagnoses including atrial fibrillation/flutter, coronary 
heart disease, hypertension, cerebrovascular disease or 
congestive heart failure. An increased risk of VTE was 
also evident in patients with inflammatory bowel disease 
(RR 1.94, 95% CI 1.57 to 2.39, p<0.001). Additionally, 
795 (14.6%) patients with VTE diagnosis had concur-
rent ICD codes for psychiatric disease (F10*–F99), indi-
cating it as a significant risk of VTE (RR 1.71, 95% CI 
1.58 to 1.84, p<0.001). Pregnancy and delivery were not 
associated with the increased risk of VTE (RR 1.03, 95% CI 
0.87 to 1.22, p=0.752). In general, cancer was associated 

Table 2 Incidence of VTE according to different cancer types

Cancer ICD-10 code
Number of patients 
with cancer 

Number of patients 
with VTE†

Per cent of patients 
with VTE† diagnosis

Mesothelioma C45* 207 14 6.8

Gastric C16* 898 54 6.0

Ovarian C56* 936 53 5.7

Pancreatic C25* 1080 59 5.5

Lung C33*–C34* 2693 148 5.5

Myeloma C90* 848 45 5.3

Colorectal C18*–C21* 3727 168 4.5

Non-Hodgkin’s 
lymphoma C82*–C85*

1837 80 4.4

Bladder C66*–C68* 1941 83 4.3

Endometrial C54* 1645 67 4.1

Leukaemia C91*–C95* 1475 46 3.1

Breast C50* 7132 206 2.9

Prostate C61* 7310 199 2.7

Hodgkin’s lymphoma C81* 402 11 2.7

Melanoma C43* 1736 46 2.6

Testicular C62* 345 6 1.7

Patients with cancer overall: 42 245.
Number of patients with cancer and VTE†: 1467. 
Per cent of patients with VTE† diagnosis: 3.5. 
†VTE was defined as pulmonary embolism (PE, ICD-10 I26*), deep venous thrombosis (DVT, ICD-10 I80.2*) or portal vein thrombosis (PVT, 
ICD-10 I81*).
ICD-10, International Classification of Diseases 10th Revision; VTE, venous thromboembolism. 
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with increased number of VTE events (RR 1.52, 95% CI 
1.45 to 1.60, p<0.001).

 Cancer as a risk factor for Vte
The database contained information from a significant 
number of 42 245 patients with cancer, of whom 1467 
(3.5%) had the diagnosis of VTE (table 2). Of different 
cancer types, the highest VTE rates were observed 
in mesothelioma (6.8%), followed by gastric (6.0%), 
ovarian (5.7%), pancreatic (5.5%) and lung cancers 
(5.5%) and myeloma (5.3%). The lowest VTE events 
were documented in melanoma (2.6%) and testicular 
cancer (1.7%) (table 2). Overall, patients with cancer had 
threefold more VTE events as compared with the entire 
hospital patient population (3.2% vs 1.1%).

Risk factors for Vte in chemotherapy-treated patients with 
cancer
A total of 7778 patients with cancer had received chemo-
therapy during the disease course (either neoadjuvant, 
adjuvant or palliative), of whom 4549 (58.5%) were 
female and 3229 (41.5%) male. The median age was 61.2 
years (SD 13.9). Of these patients, 284 (3.6%) were diag-
nosed with VTE (table 3), and the median time from the 
onset of chemotherapy to VTE diagnosis was 7.3 months 
(figure 1).

Sixteen per cent of the patients with cancer receiving 
chemotherapy were diagnosed with advanced-stage 
disease (distant metastasis according to ICD-10 codes 
C78*–C79*), 57% had undergone surgery (sample of 

Table 3 Characteristics of chemotherapy-treated patients (n=7778) in 16 different types of malignancies

Cancer ICD-10 code Patients (%)

Gender
Age
Median (SD) Surgery (%) Radiotherapy (%)

Platinum-based 
chemotherapy (%)

Distant 
metastases (%)Female (%) Male (%)

Breast C50* 2277 (29.3) 99.5 0.5 57.7 (10.2) 91.9 80.8 1.8 12.4

Bladder C66*–C68* 567 (7.3) 19.0 81.0 71.1 (11.3) 31.9 14.5 16.0 6.7

Colorectal C18*–C21* 679 (8.7) 46.2 53.8 63.6 (9.9) 67.5 40.2 71.0 47.9

Gastric C16* 203 (2.6) 37.4 62.6 62.5 (9.7) 52.2 40.9 47.8 26.6

Hodgkin’s 
lymphoma

C81* 117 (1.5) 51.3 48.7 37.4 (18.2) 58.1 59.8 6.0 0.9

Leukaemia C91*–C95* 422 (5.4) 42.4 57.6 48.5 (25.2) 8.3 8.8 2.6 1.2

Lung C33*–C34* 981 (12.6) 32.3 67.7 66.0 (9.1) 24.5 51.3 82.6 15.0

Melanoma C43* 115 (1.5) 34.8 65.2 61.9 (12.7) 73.9 54.8 40.0 43.5

Mesothelioma C45* 110 (1.4) 15.5 84.5 66.4 (8.5) 25.5 40.0 95.5 7.3

Myeloma C90* 276 (3.5) 45.7 54.3 64.1 (9.0) 10.1 29.0 2.5 5.1

Non-Hodgkin’s 
lymphoma

C82*–C85* 680 (8.7) 44.6 55.4 61.8 (14.7) 49.1 41.9 7.6 5.4

Ovarian C56* 363 (4.7) 100 0 63.7 (12.0) 88.2 14.6 96.4 10.7

Pancreatic C25* 283 (3.6) 47.0 53.0 63.9 (8.9) 21.6 17.3 9.5 36.0

Prostate C61* 325 (4.2) 0 100 70.5 (7.7) 34.2 83.4 9.5 43.7

Testicular C62* 133 (1.7) 0 100 33.5 (11.1) 66.9 9.8 98.5 3.8

Endometrial C53*–54* 247 (3.2) 100 0 67.3 (10.1) 89.1 64.8 88.3 8.1

Patients: 7778. 
VTE†: 282 (3.6%).
Age, median (years)=61.2 (SD 13.9).
Gender: female=4549 (58.5%), male=3229 (41.5%). 
Radiotherapy: 3906 (50.2%). 
Platinum-based chemotherapy: 2507 (32.2%). 
Surgery: 4457 (57.3%). 
Distant metastasis: 1270 (16.3%). 
†VTE was defined as pulmonary embolism (PE, ICD-10 I26*), deep venous thrombosis (DVT, ICD-10 I80.2*) or portal vein thrombosis (PVT, ICD-10 I81*).
ICD-10, International Classification of Diseases 10th Revision; VTE, venous thromboembolism. 

Figure 1 Kaplan-Meier analysis of time to venous 
thromboembolism (VTE) from the onset of chemotherapy for 
patients with diagnosed VTE (n=282).
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the tumour was available in the pathology database), and 
50% were given radiotherapy (table 3). Breast cancer 
(n=2277) was the most common diagnosis followed by 
lung cancer (n=981) and colorectal cancer (n=567). The 
different clinical variables (gender, age, surgery, radio-
therapy, platinum-based chemotherapy, distant metas-
tases) divided according to cancer types are described 
in detail in table 3. About one-third (32.2%) of patients 
were treated with platinum-based chemotherapy during 
the disease course.

The risk of VTE increased only slightly with age both 
in univariate (HR 1.03, 95% CI 1.02 to 1.04, p<0.001) 
and multivariate analyses (HR 1.02, 95% CI 1.01 to 1.03, 
p=0.001). Patients who had disseminated cancer (distant 
metastases according to the ICD-10 coding) had an 
increased risk of VTE (HR 1.87, 95% CI 1.4 to 2.5, 
p<0.001) (table 4), as compared with all patients with 
cancer treated with chemotherapy.

Platinum-based chemotherapy was associated with 
increased VTE risk (HR 1.77, 95% CI 1.40 to 2.24, 
p<0.001), but after adjustment for other variables in the 
multivariate analysis, the association became insignif-
icant (HR 0.83, 95% CI 0.56 to 1.21, p=0.33). The risk 
of VTE varied among the different cancer types, where 
the highest risks associated with lung cancer (HR 4.58, 
95% CI 2.56 to 8.21, p<0.001) and pancreatic cancer (HR 
4.57, 95% CI 2.44 to 8.55, p<0.001), followed by ovarian 
cancer (HR 4.12, 95% CI 2.20 to 7.72, p<0.001) and 
mesothelioma (HR 3.81, 95% CI 1.33 to 10.87, p=0.013) 
in multivariate analysis, as compared with breast cancer. 
Breast cancer was selected as the reference group due to 
the low rates of VTE events (n=206) among all chemo-
therapy-treated patients with breast cancer (n=7132) 
(table 2).

The estimated rate of VTE events in breast cancer based 
on Kaplan-Meier analysis was 12 per 1000 patients per year 

Table 4 HRs of the association of VTE and covariates by univariate and multivariate Cox regression analysis of the patients 
treated with chemotherapy (n=7778)

HR

Univariate

P values HR

Multivariate

P values95% CI 95% CI

Age 1.03 1.02 to 1.04 <0.001 1.02 1.01 to 1.03 0.0011

Gender 
(male vs female)

1.34 1.09 to 1.74 0.0080 1.13 0.83 to 1.53 0.45

Distant 
metastasis

2.11 1.62 to 2.76 <0.001 1.89 1.40 to 2.53 <0.001

Platinum-based 
chemotherapy

1.77 1.40 to 2.24 <0.001 0.83 0.56 to 1.21 0.33

Radiotherapy 0.85 0.68 to 1.08 0.18 0.98 0.75 to 1.28 0.87

Surgery 0.74 0.59 to 0.94 0.014 1.02 0.76 to 1.36 0.91

Cancer

  Breast Reference group Reference group

  Bladder 1.09 0.58 to 2.04 0.80 0.82 0.39 to 1.72 0.60

  Colorectal 2.48 1.57 to 3.92 <0.001 1.87 1.03 to 3.38 0.038

  Gastric 2.52 1.20 to 5.33 0.015 2.17 0.97 to 4.84 0.059

  Hodgkin’s 
lymphoma

0.78 0.19 to 3.22 0.74 1.17 0.28 to 4.96 0.83

  Leukaemia 0.64 0.26 to 1.61 0.34 0.78 0.29 to 2.11 0.63

  Lung 4.93 3.35 to 7.27 <0.001 4.58 2.56 to 8.21 <0.001

  Melanoma 2.60 0.94 to 7.22 0.066 1.97 0.68 to 5.68 0.21

  Mesothelioma 3.82 1.52 to 9.61 <0.001 3.81 1.33 to 10.87 0.013

  Myeloma 2.91 1.63 to 5.18 <0.001 2.61 1.35 to 5.03 0.0043

  Non-Hodgkin’s 
lymphoma

1.93 1.19 to 3.14 0.0082 1.80 1.05 to 3.10 0.033

  Ovarian 3.81 2.40 to 6.05 <0.001 4.12 2.20 to 7.72 <0.001

  Pancreatic 6.23 3.61 to 10.74 <0.001 4.57 2.44 to 8.55 <0.001

  Prostate 2.75 1.49 to 5.08 <0.001 1.60 0.78 to 3.31 0.20

  Testicular 0.000024 2.73E−102 to 2.17E+92 0.93 0.000042 1.26E−103 to 1.37E+94 0.93

  Endometrial 2.52 1.37 to 4.64 0.0030 2.56 1.25 to 5.22 0.010

VTE, venous thromboembolism. 
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(figure 2). Within chemotherapy-treated patients with 
cancer, the rates of VTE events also varied in different 
cancer types. The risk of VTE can be grouped into three 
different types: high risk of VTE was documented in lung, 
pancreatic and ovarian cancers and in mesothelioma, 
while medium risk of VTE was observed in myeloma, endo-
metrial, gastric, melanoma, colorectal, non-Hodgkin’s 
lymphoma and prostate cancers. Hodgkin’s lymphoma, 
leukaemia, breast, bladder and testicular cancers consti-
tuted a group of low risk of VTE in this study (figure 2). 
The risk of VTE was continued to increase during the 
entire course of disease and was not limited only to begin-
ning of chemotherapy.

laboratory values and Vte risk
Based on ROC analysis, abnormal values of four 
laboratory variables were indicative of a VTE event: 
B-PLT (>316×109/L), total B-Leuk (>6.3×109 cells/L), 
B-Neut (>3.3×109 cells/L) and P-Crea (>62.5 μmol/L). 
Other laboratory variables, for example, B-Hgb level, 
E-MCV and E-MCH, and plasma electrolyte levels (P-Na 
and P-K), did not differ in patients with cancer with or 
without VTE.

Elevated B-Leuk (>6.3×109 cells/L) associated with VTE 
in the univariate analysis (HR 1.84, 95% CI 1.43 to 2.38, 
p<0.001), but in the multivariate analysis adjusted for 
additional laboratory variables (B-PLT, B-Neut and 
P-Crea) lost its significance (HR 1.38, 95% CI 0.97 to 1.95, 
p=0.07) (table 5). Similarly, elevated B-PLT (>316×109/L) 
associated in the univariate analysis with VTE (HR 1.57, 
95% CI 1.23 to 1.99, p<0.001), but not in the multivariate 
analysis. In contrast, elevated B-Neut (>3.3×109 cells/L) 
continued to associate with VTE both in the univariate 
(HR 2.53, 95% CI 1.86 to 3.44, p<0.001) and the multi-
variate analysis (HR 1.96, 95% CI 1.33 to 2.89, p<0.001). 
Similarly, P-Crea level (>62.5 μmol/L) associated with 
VTE both in the univariate (HR 1.52, 95% CI 1.16 to 1.99, 
p=0.0021) and the multivariate analysis (HR 1.60, 95% CI 
1.21 to 2.13, p=0.001).

dIsCussIon
Combination of comprehensive data sets from various 
longitudinal electronic health records provides a 
powerful tool for identification of clinically meaningful 
associations that may have remained unnoticed. Here, we 

Figure 2 Kaplan-Meier analysis of venous thromboembolism (VTE)-free time in chemotherapy-treated patients with cancer 
(n=7132) after the onset of chemotherapy. NHL, non-Hodgkin's lymphoma.  
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used an extensive data set of almost 500 000 hospitalised 
patients covering 9-year follow-up during years 2005–2013 
to characterise comorbidities associated with VTE events, 
with special emphasis on the relationship between cancer 
and VTE. The individual records included ICD-10 codes, 
SNOMED, clinical laboratory results and structured treat-
ment information. With this real-world information, we 
evaluated the incidence of VTE events within the hospital 
patients (both inpatient and outpatient settings) and the 
specific features among patients with cancer with special 
emphasis on hypothesis-free associations rather than 
established risk factors. The ‘big data’ approach from 
medical records appears well suited for identification 
of clinically meaningful associations, such as comorbidi-
ties. While our approach cannot be used to demonstrate 
direct causalities, we find expected parallels, including 
increased VTE incidence among patients with cardiovas-
cular disease (including atrial fibrillation/flutter, coro-
nary heart disease, hypertension, cerebrovascular disease 
or congestive heart failure) and obesity. Interestingly, 
increased VTE incidence among patients with psychiatric 
disorders was noticed. Antipsychotic drugs have been 
associated with increased risk of VTE,27 which may, at least 
partially, contribute to our findings. Among major ICD 
disease categories, patients with cancer had an increased 
VTE risk, and in several cancer types and in progressed 
disease states, more than 5% of patients experienced a 
VTE event. Our relatively low VTE rate as compared with 
other reported studies22 might be explained by cohort 
differences. For instance, our study included a large set 
of cancer types, and both patients who received or did 
not receive chemotherapy were included. Also, the lack 
of information on thromboprophylaxis hampers the VTE 
incidence comparisons difficult.

In further analyses of the cancer cohort, plati-
num-based chemotherapy was a risk factor for VTE in 
univariate analysis, but not in multivariate analysis. The 
predictive value of single variable can be lost after adjust-
ment for established variables in a multivariable model 
for the possible relationship between other variables and 
VTE. In platinum-based chemotherapy the VTE risk is 
not class specific for all the platinum-containing chemo-
therapy agents, which may influence estimation of VTE 

risk confounded by different cancer types. Especially 
cisplatin-based chemotherapy is associated with increased 
risk of VTE.28 29 Previously, Starling et al reported a differ-
ence in the incidence of thromboembolic events in the 
cisplatin-containing regimens, as compared with the oxal-
iplatin-containing regimens in patients with advanced 
gastro-oesophageal cancer.30

VTE in patients with cancer is associated with increased 
mortality31 and for the clinical impact, VTE complica-
tions in patients with cancer cause significant economic 
burden.32 It is therefore of both individual and economic 
interest to identify patients with cancer with the highest 
VTE risk, who could benefit from thromboprophylaxis. 
Routine prevention cannot be recommended for all 
patients with cancer, as anticoagulant treatment enhances 
bleeding tendency,33 but it should be considered for care-
fully selected high-risk patients.34–36 Different biomarkers, 
for example, soluble P-selectin and D-dimer, have been 
specifically investigated for their capacity of predicting 
VTE during the course of disease,37 but these markers 
were unfortunately not routinely measured during the 
study period.

Also, laboratory variables such as blood cell counts 
(elevated B-Leuk and B-PLT and decreased B-Hgb) have 
been evaluated to be useful in risk prediction during 
chemotherapy by the Khorana score.38 We evaluated 
the association of available laboratory values in chemo-
therapy-treated patients with VTE events, and found 
that B-Leuk, B-PLT, B-Neut and creatinine levels are 
associated with VTE risk. Khorana score is one of the 
most established models for predicting VTE risk during 
chemotherapy. The Khorana score includes three labora-
tory values, B-PLT (>350×109/L), B-Hgb level (<100 g/L), 
B-Leuk (>11×109/L), which indicate the probability of 
a VTE event associated with chemotherapy. In addition, 
the cancer type and body mass index, which was not 
available in our database, are also included in Khorana 
score.38 Apart from Khorana score, we also evaluated 
the association of 10 other laboratory values with VTE, 
including E-MCV and E-MCH. Our retrospective study 
results differ from Khorana regarding the predictive 
value of the elevated B-Leuk (>6.3×109 cells/L), elevated 
B-PLT (>316×109/L), elevated B-Neut (>3.3×109 cells/L) 

Table 5 HRs of the association of VTE and the four major laboratory values by univariate and multivariate Cox regression 
analysis of the patients treated with chemotherapy (n=7778)

HR Univariate 95% CI P values HR Multivariate 95% CI P values

Leucocyte count
(over 6.3×109 cells/L)

1.84 1.43 to 2.38 <0.001 1.38 0.97 to 1.95 0.070

Neutrophil count
(over 3.3×109 cells/L)

2.53 1.86 to 3.44 <0.001 1.96 1.33 to 2.89 <0.001

Platelet count
(over 316×109 cells/L)

1.57 1.23 to 2.00 <0.001 1.22 0.93 to 1.59 0.15

Plasma creatinine
(over 62.5 µmol/L)

1.52 1.16 to 1.99 0.0021 1.60 1.21 to 2.13 0.0010

VTE, venous thromboembolism. 
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and P-Crea level (>62.5 μmol/L) in patients with cancer 
treated with chemotherapy. These laboratory variables 
could have implications for thromboprophylaxis in 
patients with high risk of VTE during chemotherapy. 
Unfortunately, we did not have functional renal assess-
ment available. Interestingly, reduced estimated glomer-
ular filtration rate even under normal serum creatinine 
values has been shown to associate with an increased risk 
of VTE.39

To the best of our knowledge, this is the first cohort 
study that combines a wide range of different longitu-
dinal hospital electronic medical records to provide real-
world analyses of VTE risk factors. Corraini et al used 
Danish nationwide medical database to survey the impact 
of comorbidity on VTE risk, but they concentred only on 
patients with stroke.40 Our large retrospective study has 
some limitations, including lack of information on some 
previously known VTE risk factors. Compatible with the 
real-world setting, the clinical practice of diagnosing and 
especially documenting VTE events is likely to be subop-
timal. We did not have sufficient data on anticoagulation 
therapy, which might have been useful in validating the 
VTE diagnosis. However, the size of the data set and the 
correlation of overall results with previous publications 
suggest that our approach is valid. We lacked genetic data 
on inherited and acquired thrombophilias (eg, factor 
V Leiden mutation), which have been documented to 
increase the risk of VTE also in patients with cancer.41 As 
the known inherited conditions are uncommon (5% in 
our population) their influence on our result remains 
only marginal.

Hospital registries offer a targeted opportunity to study 
risk of VTE in large epidemiological cohort of patients 
with cancer. This approach uses baseline clinical and 
laboratory variables, and in the biobank setting, can 
also link electronic medical information to biological 
samples, at minimum using specimens collected for diag-
nostic purposes. In conclusion, our study demonstrates 
that compilation of large data sets combining multiple 
longitudinal electronic medical databases for research 
purposes is feasible and provides useful real-world data 
and novel tools for discoveries. It also provides tools for 
further dissecting both clinical and biological factors 
associated with cancer-related VTE events and aids at 
targeting thromboprophylaxis.
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