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ABSTRACT

Background: The risk and prognosis of VTE associated with oncologic surgery

need to be quantified to guide patient management. We aimed to examine the availability of data and to report the incidence of venous thromboembolism (VTE) in
cancer patients after surgery, as well as the clinical outcomes of VTE following oncologic surgery.

Methods: We searched multiple databases for terms related to VTE after oncologic surgery from inception to November 1, 2017. A random-effects meta-analysis was
done to calculate the pooled incidence of VTE.

Results: Of the 8611 citations identified, 136 studies including 1,481,659 patients met the eligibility criteria. The overall incidence of VTE was estimated to be 2.3%
(95% CI 2.1-2.5). Bone and soft tissue cancer (10.6%, 95% CI 2.9-18.2) and lung cancer (8.1%, 95% CI 3.7-12.6) were associated with the highest and second
highest risk of postoperative VTE, respectively. Age (standardized mean difference [SMD] = 0.46, 95% CI 0.40-0.53; I = 93.8%), radiation (OR 1.29, 95% CI
1.03-1.62; I = 34.6%), transfusion (OR 1.96, 95% CI 1.48-2.59; I* = 57.0%), and operative time (SMD = 1.12, 95% CI 1.07-1.16; I> = 100%) were possible risk
factors for postoperative VTE. Patients with VTE versus those without had increased odds of all-cause fatal events (11.15, 95% CI 4.07-30.56; I = 92.0%).
Conclusions: The risk of VTE after oncologic surgery remains high, and this risk varied according to the cancer type, study region, surgical location, and throm-

boprophylactic strategy. VTE is associated with increased mortality at the early stage of cancer surgery.

1. Introduction

Malignancy is associated with an elevated risk of venous throm-
boembolism (VTE), which causes heavy burden to health-care resources
[1]. Among all patients with VTE, 15%-20% are accompanied with a
diagnosis of cancer [2]. In patients with cancer, VTE is estimated to be
the second leading cause of death after the progression of cancer [3].
Cancer patients always tend to undergo consequent surgical proce-
dures, experience immobility, and need prolonged central intravenous
access, which are all independent risk factors for VTE [4]. Operations in
cancer patients are often more extensive and lead to venous trauma [5].
The odds ratio (OR) for the incidence of VTE in surgical patients with
known cancer is about 2.0 when compared with patients with non-
cancer disease undergoing the same procedure [5]. Considering the
duration of postoperative VTE, the risk of VTE in patients who under-
went surgery could substantially increase within 12 postoperative
weeks, compared with patients who had not undergone surgery [6].

The existence of postoperative VTE could interfere with consequent
cancer therapies such as radiotherapy and chemotherapy [7]. At the
same time, the use of anticoagulants for VTE has a risk of causing
haemorrhage. Thus, there remain challenges in the treatment of
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postoperative VTE in cancer patients. Existing data report wide esti-
mates of the incidence of VTE related to cancer managed surgically or
medically, ranging from 1% to 20%, which varied according to cancer
type and time since diagnosis [8]. Some studies indicated that aging,
advanced cancer, and radiotherapy were risk factors for VTE in patients
undergoing surgery for cancer [5]. Despite these findings, substantial
knowledge gaps remain. The precise incidence data of postoperative
VTE in cancer patients and the risk of mortality in patients with VTE
relative to those with no VTE are needed for an accurate estimation of
disease burden. Furthermore, cumulative data are lacking about the
risk factors for VTE in patients undergoing surgery for cancer, which
serve as critical evidence for clinicians on which to base the choice for
thromboprophylaxis.

Consequently, we conducted this systematic review and meta-ana-
lysis to assess the incidence of postoperative VTE in cancer patients, and
to identify the risk factors in these patients. We also sought to compare
the relative risk of mortality between cancer patients undergoing sur-
gery with and without VTE.
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8574 citations identified from literature search

37 studies identified through other sources

6740 records screened after duplicates removed

6522 citations excluded after screening of

titles or abstracts with general criteria

218 full-text articles assessed for eligibility

82 studies excluded

45 included benign tumors
15 not mentioned the follow-up duration

10 data cannot be extracted
8 studies had a follow-up duration over 90 days

136 studies included in meta-analysis

4 duplicates

Fig. 1. PRISMA flow diagram.

2. Methods
2.1. Search strategy and selection criteria

We identified relevant studies through a systematic review fol-
lowing the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-analyses) guidelines (Supplementary File 1) [9]. We did serial
searches for English and non-English articles. We searched Medline (up
to November 1, 2017), Embase (up to November 1, 2017), and the
Cochrane Library (up to November 1, 2017). We used three groups of
search terms, as follows: (1) ‘venous thromboembolism’, ‘deep vein
thrombosis’, and ‘pulmonary embolism’; (2) ‘cancer’, ‘malignancy’, and
‘oncologic’; and (3) ‘surgery’, ‘operation’, and ‘surgical intervention’
(specific search strategies are listed in Supplementary File 2).

We included all full-text studies and abstracts with information on
the incidence of VTE in cancer patients after surgery, as well as the
clinical outcomes of VTE following oncologic surgery. These studies
included hospital-, population-, and registry-based cohorts. The follow-
up duration of these studies was restricted to within 3 months. These
studies were randomized trials or observational studies, and case re-
ports, case series, in vitro studies, and animal studies were excluded.
Three investigators independently assessed all trials for eligibility and
extracted data with the assistance of Google's translation tools for non-
English reports. Disagreements about the inclusion of studies or ex-
traction of data were resolved through consensus after a discussion.

2.2. Data extraction

The following details from each eligible study were extracted by two
authors: name of the first author, study location, study design, number
of patients, type of surgery, use of pharmacological thromboprophy-
laxis, methods of ascertainment, and duration of follow-up. We ex-
tracted data on the incidence of VTE in cancer patients after surgery,
and when available, the cumulative risk of VTE-caused death. Possible
predictive factors for the development of VTE in cancer patients after
surgery were also extracted when available, including age, sex, stage of
cancer, smoking status, perioperative transfusion history, perioperative
chemotherapy, perioperative radiotherapy, and operation time.

The methodological quality of each study was assessed by two
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authors by using the Newcastle-Ottawa scale (NOS), which assigns 4
points for selection, 2 points for comparability, and 3 points for out-
come [10]. The higher the score of an assessed study, the higher its
quality.

2.3. Definition of outcomes and comparison

The primary outcome was the occurrence of VTE after cancer sur-
gery. VTE consists of deep vein thrombosis (DVT, symptomatic or
asymptomatic) and pulmonary embolism (PE).

The secondary outcome was the occurrence of death. If the study
results reported mortality events, we contacted the study authors to
check whether data for VTE-related death were available. If the data
were not available, the study was excluded from the final analysis. The
impact of VTE on mortality was expressed by comparing all-cause fatal
events in cancer patients who underwent surgery complicated with VTE
and those without VTE.

2.4. Statistical analysis

The pooled incidence of VTE after cancer surgery and the rate of
mortality adjudicated to be caused by VTE after cancer surgery during
the follow-up period were assessed using the DerSimonian and Laird
random-effects model when significant study heterogeneity was present
(I? > 50%), or a fixed-effects model in the absence of significant het-
erogeneity. We performed separate analysis for each cancer type. Given
that differences in study region, DVT detection method, thrombopro-
phylaxis use, and location of the operation would affect the result, we
performed subgroup analysis based on these factors. The association of
potential risk factors with VTE were summarized as OR (95% con-
fidence interval [CI]). We also assessed the odds of fatal events by
comparing cancer patients who underwent surgical intervention com-
plicated with VTE and those without VTE. Publication bias was assessed
through graphical visualization of the funnel plot, Begg's test, and
Egger's test. All statistical analyses were done using Stata 12.0.
Statistical tests were two-tailed.
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Table 1
Subgroup analysis for incidence of VTE events.
Study subgroup No. of studies Total no. of participants Pooled prevalence 95% CI I
VTE
Total VTE 136 1,481,659 0.023 0.021-0.025 98.8
Thromboprophylatic strategy
Thromboprophylaxis studies 40 19,489 0.066 0.054-0.078 96.2
No thromboprophylaxis studies 17 9206 0.083 0.064-0.103 94.9
Location
Abdominopelvic studies 92 580,821 0.028 0.026-0.031 98.7
Nonabdominopelvic studies 33 280,516 0.019 0.015-0.022 98.5
Region
North American studies 62 1,054,569 0.020 0.018-0.023 99.3
European studies 30 16,123 0.066 0.053-0.079 95.0
East Asian studies 31 403,199 0.026 0.021-0.031 94.0
Follow-up duration
< 30d 97 989,108 0.019 0.017-0.021 98.7
31-60d 11 390,404 0.023 0.017-0.030 95.3
61-90d 28 102,087 0.053 0.043-0.062 99.1
DVT
Total DVT 106 546,611 0.015 0.013-0.017 97.3
Symptomatic DVT 64 224,147 0.009 0.008-0.011 94.7
Routinely scanned DVT 36 8935 0.096 0.078-0.115 93.9
PE
Total PE 929 544,177 0.008 0.007-0.009 96.1
VTE-related death 64 36,639 0.003 0.002-0.004 56.5
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Fig. 2. Pooled estimates for 14 cancer types.

3. Results

We identified 8611 reports, of which 136 studies [11-146] under-
taken between 1983 and 2017 were described and included in the
analysis. The process of identifying eligible studies for our systematic
review and meta-analysis is shown in Fig. 1. Key design features of the
included studies are available in the Supplementary Table 1. Of the 136
studies, 59 were prospective and 77 were retrospective. The size of the
studies varied between 30 and 93,663 participants. The diagnosis
method for DVT and the follow-up duration varied between the studies.
All the included studies were of good quality, as assessed using the NOS
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quality assessment scale for cohort studies (Supplementary Table 2).
The studies included 1,481,659 patients who were followed-up for
7-90 days, during which 18,957 patients developed VTE. The pooled
incidence of VTE was 2.3% (95% CI 2.1-2.5) (Supplementary Fig. 1).
The results of subgroup analysis are listed in Table 1. The incidence of
VTE in patients who received routine pharmacological thrombopro-
phylaxis for cancer surgery was 6.6% (95% CI 5.4-7.8), as compared
with 8.3% (95% CI 6.4-10.3) in patients without any pharmacological
thromboprophylaxis. We repeated the analysis by stratifying the pa-
tients according to the region of study. We found regional variations of
incidence estimates from North America (62 studies, 2.0%, 95% CI
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1.8-2.3), East Asia (31 studies, 2.6%, 95% CI 2.1-3.1), and Europe
(30studies, 6.6%, 95% CI 5.3-7.9). Twenty-eight of the included 136
studies had a follow-up period of 61-90 days, whereas 11 studies had a
follow-up period of 31-60 days and 97 studies had a follow-up period of
within 30 days. The pooled incidence of VTE was 5.3% (95% CI
4.3-6.2), 2.3% (95% CI 1.7-3.0), 1.9% (95% CI 1.7-2.1), respectively.
Of the included studies, 106 studies provided data on the incidence of
DVT. The pooled estimated incidence of DVT was 1.5% (95% CI
1.3-1.7). About one-third of the 106 studies involved routine scanning
for DVT with ultrasonography, venography, or labelled fibrinogen
during the follow-up period. Sixty-four of these studies reported
symptomatic DVT. The pooled incidence of DVT was 9.6% (95% CI
7.8-11.5) and 0.9% (95% CI 0.8-1.1), respectively. In the 36 studies
with routine scanning for DVT, a total of 472 DVT events were detected,
of which only 53 cases were symptomatic. The pooled incidence of
symptomatic DVT in these studies was 1.0% (95% CI 0.5-1.4). A total of
99 studies reported the risk of PE after cancer surgery, and the pooled
incidence of PE was 0.8% (95% CI 0.7-0.9).

The pooled estimates for 14 cancer types are summarized in Fig. 2
and Supplementary Table 3. For abdominopelvic cancer surgery, the
pooled incidence was 2.8% (95% CI 2.6-3.1). For the rest of the cancer
types, the pooled incidence was 1.9% (95% CI 1.5-2.2). Bone and soft
tissue cancer (10.6%, 95% CI 2.9-18.2) and lung cancer (8.1%, 95% CI
3.7-12.6) were associated with the greatest and second greatest risk of
postoperative VTE, respectively. Breast cancer was associated with the
lowest risk of VTE after surgery (0.3%, 95% CI 0.2-0.3).

We included age, male sex, advanced cancer, current smoker status,
transfusion, chemotherapy, radiation, and operation time as potential
risk factors. The association of potential risk factors with VTE is sum-
marized in Table 2. Age (standardized mean difference [SMD] = 0.46,
95% CI 0.40-0.53; I = 93.8%), radiation (OR1.29, 95% CI 1.03-1.62;
I* = 34.6%), transfusion (OR1.96, 95% CI 1.48-2.59; I* = 57.0%), and
operative time (SMD = 1.12, 95% CI 1.07-1.16; I> = 100%) were
possible risk factors for postoperative VTE, and a current smoker versus
a non-smoker status had lower odds of postoperative VTE (ORO0.80,
95% CI 0.70-0.92; I*> = 17.2%). Sex (OR0.99, 95% CI 0.69-1.42;
I2 = 85.6%), advanced cancer (OR1.11, 95% CI 0.75-1.64;
I? = 67.0%), and chemotherapy (OR1.12, 95% CI 0.96-1.30; I* = 0%)
were not risk factors for VTE after cancer surgery.

A total 64 studies including 36,639 patients assessed fatal outcomes
caused by VTE; however, 44 of the 64 studies reported no death caused
by VTE. The overall incidence of mortality caused by VTE was esti-
mated to be 0.3% (95% CI 0.2-0.4) (Supplementary Fig. 2). Thirteen
studies evaluated the impact of VTE on all-cause mortality. Patients
with VTE versus those without had significantly increased odds of fatal
events (11.15, 95% CI 4.07-30.56; I = 92.0%) (Fig. 3).

4. Discussion

Although recent evidence suggests that both cancer and surgery are
associated with VTE, the precise incidence and risk of this outcome

Table 2
Pooled ORs for association of commonly studied risk factors with VTE events.

Potential risk No. of  Total no. of  Pooled 95% CI Pvalue I
factors studies  participants  OR/

SMD
Male 17 85,997 0.99 0.69-1.42 0.964 85.6
Age 14 104,390 0.46 0.40-0.53 < 0.001 93.8
Advanced 13 28,500 1.11 0.75-1.64 0.612 67.0

cancer

Chemotherapy 17 234,278 1.12 0.96-1.30 0.143 0
Radiation 10 172,762 1.29 1.03-1.62 0.030 34.6
Smoker 19 335,163 0.80 0.70-0.92 0.001 17.2
Transfusion 8 111,108 1.96 1.48-2.59 < 0.001 57.0
Operative time 7 148,399 1.12 1.07-1.16 < 0.001 100
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remain uncertain. In this systematic review and meta-analysis, we
found a 2.3% incidence of VTE worldwide, with further subgroup
variations. Compared with patients without VTE, cancer patients with
postoperative VTE events were also 10 times more likely to be asso-
ciated with death in the first 3 months. These findings suggest that the
risk of VTE after cancer surgery remains high, and the prognosis of
these patients might be worse than clinically perceived.

In view of the heightened risk of VTE, should cancer patients rou-
tinely receive preoperative pharmacological thromboprophylaxis? This
study indicated that in the non-comparison studies, the incidence of
VTE in patients who received routine pharmacological thrombopro-
phylaxis for cancer surgery was 6.6% (95% CI 5.4-7.8), as compared
with 8.3% (95% CI 6.4-10.3) in patients without any pharmacological
thromboprophylaxis. The guidelines for the prevention of VTE in pa-
tients with cancer recommend that patients undergoing major cancer
surgery should receive prophylaxis starting before surgery and con-
tinuing for at least 7 to 10 days [147,148]. Although our previous meta-
analysis suggested that routine pharmacological thromboprophylaxis
for cancer patients undergoing surgery resulted in a relatively reduced
incidence of DVT compared with without thromboprophylaxis, it also
involved a significantly increased incidence of bleeding events [149].
Consequently, it is critical to identify the risk factors for VTE events so
that thromboprophylaxis could be prescribed for patients with a high
risk. Alternatively, as the risk of VTE varied among different cancer
types, the recognition of the precise incidence of this complication in
different cancers is also necessary. Tissue factor-positive microparticles,
thrombelastography and the presence of activated protein C resistance
(APC-r) not caused by a factor V gene mutation represents valuable
methods which may provide extensive information on haemostasis in
cancer patients before surgery [150-152]. The ninth edition of the
antithrombotic therapy and prevention of thrombosis guidelines of the
American College of Chest Physicians used the Caprini score to stratify
the risk of VTE in non-orthopaedic surgical patients [148]. Although
the Caprini score involves many predictive factors, some cancer-related
possible risk factors are not mentioned in the scoring system. We
therefore gathered the available evidence to assess the possible risk
factors for VTE after cancer surgery and the precise incidence in dif-
ferent cancer types.

There are many possible factors associated with the development of
VTE after cancer surgery. Cancer-related factors include the primary
site, stage, and histology [153]. The procoagulant state in cancer arises
from an interaction between the tumour cells and the haemostatic
system. Tumour cells may invade the vasculature and expose the
plasma to tumour procoagulants such as tissue factor, and then directly
activate coagulation [153]. The incidence among different groups of
cancer varies considerably depending on different levels of plasma tu-
mour procoagulants. Treatment-related factors include chemotherapy,
radiotherapy, and transfusion [154-156]. Both chemotherapy and
radiotherapy could possibly injure the endothelium of blood vessels,
which results in a shift from an anticoagulant status to a procoagulant
status [154]. Moreover, transfusion of stored red blood cells could se-
lectively activate human neutrophils to release interleukin-8 and se-
cretory PLA2, which may promote a hypercoagulable state that leads to
an increased incidence of VTE [154]. This may be especially true in
patients already at an increased risk of developing postoperative VTE,
such as cancer patients. Patient-related factors include age, race, and
comorbidities [107,116]. The serum levels of procoagulant factors
generally increase with age while anticoagulant protein levels remain
stable or slightly decrease, which may contribute to the higher in-
cidence of VTE in older patients. Some studies also identified the Asian
race as a protective factor in the development of VTE [107,116]. In this
study, we identified age (SMD = 0.46, 95% CI 0.40-0.53), radiation
(OR1.30, 95% CI 1.03-1.65), transfusion (OR 2.07, 95% CI 1.52-2.82),
and operative time (SMD1.12, 95% CI 1.07-1.16) as possible risk fac-
tors for postoperative VTE. This information would be readily available
to guide decision making on VTE prophylaxis. These patients may
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Fig. 3. Summary forest plot for VTE vs no VTE studies.

benefit from longer VTE prophylaxis or more aggressive surveillance
postoperatively. However, we noted that a current smoker versus a non-
smoker status had lower odds of postoperative VTE (OR0.76, 95% CI
0.64-0.92; I> = 43.8%). Smoking has long been considered a risk factor
for atherosclerotic disease; however, its role as a protective factor
against VTE remains unclear. We could not find an appropriate ex-
planation for this relationship, but this area merits further investiga-
tion.

In the subgroup analysis, we found that European studies (30 stu-
dies, 6.6%, 95% CI 5.3-7.9) showed a higher incidence of VTE than East
Asian studies (31 studies, 2.6%, 95% CI 2.1-3.1) and North American
studies (62 studies, 2.0%, 95% CI 1.8-2.3). Various explanations have
been suggested. First, many American studies were based on national
databases with large populations, and in some of these studies, post-
discharge VTE events were identified on the basis of re-admission of
patients with a diagnosis of DVT or PE. As a result, some other patients
with VTE who were not hospitalized might not have been included.
Conversely, many of the studies from East Asia and Europe involved
routine scanning for VTE during the study period. In this study, the
pooled incidence of DVT in the studies with routine scanning for DVT,
by using ultrasonography, venography, or labelled fibrinogen, was
9.6% (95% CI 7.8-11.5), which is 10 times higher than that in studies
that only reported symptomatic DVT (0.9%, 95% CI 0.8-1.1). Finally,
as mentioned above, the Asian race has been proved to be associated
with a decreased risk of VTE. There might exist ethnic differences in
VTE occurrence.

In the 36 studies with routine scanning for DVT, only about 11% (53
of 472) of the DVT events detected were symptomatic. The pooled in-
cidence of symptomatic DVT in these studies was 1.0% (95% CI
0.5-1.4). It is important to clarify whether routine scanning for DVT by
using ultrasonographyis necessary in cancer patients after surgery be-
cause asymptomatic VTE also has the possibility of causing a mortality
event. Routine scanning could detect more DVT events, leading to an-
ticoagulation use in these patients, which could reduce the mortality
rate caused by VTE but might increase the incidence of bleeding events.
Furthermore, the results of the ENOXACAN study indicated that al-
though venography was performed routinely during hospitalization,
more than half of the deaths caused by VTE occurred within 3 months
after discharge [43]. Thus, another question arises: is follow-up ima-
ging surveillance needed for postoperative VTE in cancer patients?
There is a lack of a direct comparison of the clinical outcomes of routine
scanning for VTE and selective scanning for VTE in this group of pa-
tients. Moreover, no previous study concentrated on the cost-effec-
tiveness of routine scanning for VTE after cancer surgery. Further
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studies are needed to answer the above questions.

Different from other types of surgery, a previous population-based
study suggested that the relative risk after surgery for cancer remained
high at the period of postoperative weeks 7-12 [6]. Two other studies
confirmed that although most VTE events occurred within 1 month, a
proportion of these events occurred during the following 2 months
[96,105]. The relative risks for VTE in cancer surgery then significantly
decreased after 3 months postoperatively. Thus, in this study, we re-
stricted the follow-up duration of the included studies to 3 months. In
this study, the pooled incidence of VTE in the included studies with a
follow-up period of 61-90 days was 5.3% (95% CI 4.3-6.2), and that in
studies with a follow-up period of within 30 days was 1.9% (95% CI
1.7-2.1). These results might explain the effectiveness of extended
antithrombotic prophylaxis for cancer surgery [157].

Our findings suggest that the risk of mortality in the 90 days after
cancer surgery in the presence of VTE was 10 times higher than without
VTE. On the one hand, both PE and the consequences of VTE events,
such as bleeding caused by anti-thrombotic therapy, could directly lead
to death. On the other hand, as our results suggest, age is a risk factor
for VTE; thus, aged patients have an increased risk of postoperative
mortality. Moreover, a complicated postoperative course or an existing
preoperative comorbidity might result in immobility, which could in-
crease the risk of VTE [95]. The cause-effect relationship remains dif-
ficult to prove; however, in this study, the overall incidence of mortality
directly caused by VTE was estimated to be 0.3% (95% CI 0.2-0.4),
which is a non-negligible number.

This study has a number of strengths. First, we exploited the power
of meta-analysing many studies, including data published worldwide
during three decades. This study is the largest and most comprehensive
review thus far of the incidence, risk factors, and prognosis of VTE after
oncologic surgery. Second, to increase the robustness of our results, we
performed many subgroup analyses based on study characteristics, and
also separately evaluated almost every type of common cancer. Third,
to test the clinical impact of VTE, we also explored the relationship
between VTE and survival, and through the meta-analysis, for the first
time to our knowledge, we identified VTE as a potentially preventable
risk factor for late mortality.

This study also has some limitations. First, the included studies
varied in the types of malignant neoplasms, anti-thrombotic prophy-
laxis methods, diagnostic methods, and follow-up durations. Although
we tried our best to perform subgroup analyses to investigate the im-
pact of these characteristics, significant study heterogeneity still existed
in most analyses (I? > 50%). Second, insufficient studies provided data
on some types of malignant neoplasms; thus, the results of these studies
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have relatively weaker power. Third, although some studies indicated
that a non-O blood type and body mass index were also related to VTE,
too few studies provided data on these factors; thus, they were not
included in the final meta-analysis as possible risk factors for VTE after
cancer surgery.

In conclusion, our systematic review and meta-analysis revealed an
overall incidence of 2.3% among patients who underwent oncologic
surgery, with further variations according to the cancer type, study
region, surgical location, and thromboprophylactic strategy. Age, ra-
diation, transfusion, and operative time were possible risk factors. The
heightened risk of mortality suggests that there is a need for preventive
strategies against VTE.
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